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It’s all about knowledge!

Intuitively, we all know what knowledge is...

...and why we need it

But can we expect computers to know?

Can’t computers just use, e.g., statistical techniques?
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Machine Translation (Google Translate)

EN: | love chocolate, so | bought a bar in the supermarket.
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Machine Translation (Google Translate)

« EN: These are movies in which the music genre, e.g.
rock, is an important element but not necessarily central
to the plot. Examples are Easy Rider (1969), The
Graduate (1969), and Saturday Night Fever (1978).
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Machine Translation (Google Translate)

« EN: These are movies in which the music genre, e.g.
rock, is an important element but not necessarily central
to the plot. Examples are Easy Rider (1969), The
Graduate (1969), and Saturday Night Fever (1978).

« |T: Questi sono i film in cui il genere musicale, ad es
roccia, € un elemento importante, ma non
necessariamente al centro della trama.
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Machine Translation (Google Translate)

« EN: Knowledge of the distribution of underground rock
densities can assist in interpreting subsurfa/\e geologic
structure and rock type. Danger herel
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Machine Translation (Google Translate)

« EN: Knowledge of the distribution of underground rock
densities can assist in interpreting subsurface geologic
structure and rock type.

« |T: La conoscenza della distribuzione di densita di rock
underground puo aiutare a interpretare in sottosuolo
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It's not that the “big data” approach is bad,
it's just that mere statistics is not enough

Breth R],rl.‘le
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The Knowledge Acquisition Bottleneck

Knowledge is crucial in NLP
— Word Sense Disambiguation
— Named Entity Recognition Plagiarism detection!

— Question Answering /

— (your favourite NLP task here)
However, providing knowledge is difficult and costly

Various projects undertaken to make lexical knowledge

available in a machine readable format

— WordNet [Fellbaum, 1998]

— Open Mind Word Expert [Chklovski & Mihalcea, 2002]
— The WordNetPlus project [Boyd-Graber et al., 2006]
— OntoNotes [Hovy et al., 2006]

— EuroWordNet [Vossen, 1998], Multilingual Central Repository
[Atserias et al. 2004], ...

— Wikipedia (collaborative effort
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Word Sense Disambiguation in a Nutshell

spring “Spring water can be found at different altitudes”
(context)

(target word)

knowledge

Roberto Navigli: Word sense disambiguation: A survey. ACM Computing Surveys 41(2), 2009, pp. 1-69
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The Richer, The Better

« Highly-interconnected semantic networks have a great
Impact on knowledge-based WSD even in a fine-grained
setting [Navigli & Lapata, IEEE TPAMI 2010]
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Knowledge-based WSD NEEDS (a lot of) Knowledge!

« Knowledge-based approaches have a high potential
— Lexical knowledge resources only partly available

Sl lexical
knowledge

resource
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State of the Art “in a nutshell”

« Knowledge-based approaches have a higher potential
— Lexical knowledge resources only partly available
— Only for few languages (e.g. not all 23 EU official languages)
— Heterogenous and with low coverage

WordNet
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This is where the ERC (and my project) comes into play
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Multilingual Joint word senskE Ulsambiguationl

A 5-year ERC Starting Grant (2011-2016)
on Multilingual Word Sense Disambiguation
(http://Icl.uniromar.it/multijedi)
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Multilingual Joint Word Sense Disambiguation
(MultiJEDI)

Key Objective 1: create knowledge for all languages

Babelplagiarism: What can BabelNet do for 21/09/2012
cross-language plagiarism detection?
Roberto Navigli




Multilingual Joint Word Sense Disambiguation
(MultiJEDI)

Key Objective 2: use all languages to disambiguate one
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BabelNet [Navigli & Ponzetto, ACL 2010; AlJ 2012]

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

Concepts/N.E. from Wikipedia

Concepts from WordNet

~ [balloongy, Ballonpg,
aerostatogg, globusg,,
| pallone aerostaticoyr,
| ballongg, montgolfiérerg

~.world"s first hydrogen balloon flight. h
...an interim balloon altitude record...
...from a British balloon near Bécourt. ..

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

T - - .
Machine Translation system Wikjpedia WnrdNet

|
Concepts integrated from
both resources
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BabelNet integrates the best of both worlds WordNet

(n) balloon (large tough nonrigid bag filled with gas or heated air)

S
5. (n) balloon (small thin inflatable rubber bag with narrow neck)

Create account & Login

balloon

Atticle Tl Read Edit ~ |Search Q

Wikipedia

‘WIKIPEDIA < 'y Wiki Loves Monuments:
e ree Rrevopedia " Photograph a monument, help
Wikipedia and win!

Atticle Talk  Read Edit ~ |Search

Trrmgage

Balloon (aircraft)

Conterts ‘WIKIPEDIA

Featured content T e Brycopedia From Wikipedia, the free encyclopedia

Speech balloon -

s Main page
— - - Donate to Wikipe dh» Contents This atticle needs additional citations:
From Wikipedia, the free encyclopedia ~ Interaction Featured content for verification. Please help improve
Help g AT events this article by adding citations to reliable
About Wikipedia N 7 Random article sources. Unsourced material may be
Speech balloons (also speech bubbles. Gommunity portal nitrous oxide, oxygen-D Setedq Wikipe dia challenged and removed. tApr 2008)
. Rwgent changes air. Modem balloons ¢an be .
dialogue balloons or word balloons) are a s matts Gommateaiblait : ~ Interaction Aballoon s atpe ol
Help st that remains alo
H 1 H as rubber, latex,
graphic convention used most commonly in » Tooloox oo penesoraiien Aoout Wikipedia dus to TS bwaggncy. A
ic book: ic stri d cart to all S fabric, while some early | community portal balloon travels by Towiag
comic books, comic strips and cartoons to allow ritiexpo i i o e with the wind. It s distinct
waords (and much less often, pictures) to be ~ Languages o Eiatdora e ipas ContactWikipedia f:m an a\rsh\pﬁ.v;hmh 5
K i the pigiagder " Some v 7 s uoyant aircraft that can be
understood as representing the speech or e balloons arveed for propelled through the air in

I i i EMKd decorative purpodes_while b Printiexport acontrolled manner.
thoughts of a given character in the comic. There

Eest others are ussd for prsigal . L s The "basket” or capsule

is often a formal distinction between the balloon (=) et pupeses ;;ch = T hatls suspended by cables
& metearology, medical o :
that indicates thoughts and the one t Ba”oon (typeface) g treatment, military defense, Catala as.or &
— . Bahasalndonesia or ransportation. A N
indicates wo.rds .spoken anuFI_ the bu From Wikipeda, i free encyclopedia islenska balloors propeties. Ba”OO (band) e
conveys subjective thoughts is often =
From Wikipedia, the free encyclopedia
as a thought balloon. This article does not cite fany
B [ eterenceslosourcesibkaselhelp B ” Balloon were an early 1990s duo from London, consisting of lan
e @ improve this article by addjng citations to alloon (game) Bickerton and David Sheppard. Their first and only album, Grawty, was
1 Histary reliable sources. Unsourcdd material may | - Wikipedia, the free encyclopedia released in 1992 by Dedicated, a British record label knawn for
2 Popular forms be challenged and removeq. e 2012) neo-psychedelia " Produced by Michael Brook the record featured
2.1 Speech bubbles Balloon is a brush Balloon Balloon, balloon ball or contributions from Sarah McLachlzn (on the track "Tightrape
2.2 Thought bubbles script commonly used wind-ball was a game similar to X ( X Wa\ker")“- and James Pinker. Bickerton wrote the lyrics, while
2.3 Other forms for signage or display BA ttoo” the modern game of volleyball in Sheppard provided the melodies E‘ﬂd arran.gements.. The a.lbum was
purposes. It was which a leather ball would be recorded mostly in Nev[vN_OrIeans‘[ at Daniel Lanois’ studio. The duo
designed in 1939 by Category Seript batted by the fist or forearm to toured th;_US in 1992 ' with percussionist James Pinker as a touring
Max R. Kaufmann, for | peigner(s) MaxR. Kaufmann  prevent it from touching the member. =
American Type Foundry ATF ground. The game was played in Bickerton and Sheppard met in 1988. They recorded more than 60

Founders, in response

to Howard Allen THE Ql”cx 3RUWH

Trafar's Cartoon, cut known as follis — the Latin word
for Bauer Type Fox JUMP: avm for a leather bag. Such a ball as "a peculiarly soothing mix of Feargal Sharkn_ay, Storyville, white soul,
Foundry in 1936. It THE LAZY DOG made of leather was quite heavy { mild social unrest punk and Leonard Cohen."™! Jag-Ha Kim of the

had no lowercase = Mrwa;mmnum\ and so protection might be used Ball game in progress Chicago Sun-Times wrote, "Balloon’s music is atmosphen::_ and

letters and was cast in S such as a leather gauntlet or winsome, with acoustic guitars caressing velvety voices."!

Light, Bold, and Exira

ancient Rome where it was demo tracks before they were signed by Dedicated

Critic Eve Zibart of The Washingfon Post described the band's music
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WordNet [Miller et al., 1990; Fellbaum, 1998]

@ The most widespread computational lexicon of English [Miller
et al., 1990]

@ Concepts are encoded as set of synonyms (synsets), e.g.:

{ pop?, soda2, soda pop;, soda water?, tonic? }

@ Semantic relations connect pairs of synsets

e For each synset, a textual definition (gloss) is provided, e.g.:

“a sweet drink containing carbonated water and flavoring' .

ll
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WordNet [Miller et al., 1990; Fellbaum, 1998]

{wheeled vehicle }igas -part—>»{brake}

s,
j\- ’%;p Pagy
2 @ 2
ol & 2, {wheel}
e | N
{splasher}

{wagon, {self-propelled vehicle}
waggon } /P k \
/ ' J&\

e f;\ "

{locomotive, engine,

{motor vehicle} {tractor} ) :
locomotive engine,
railway locomotive}

2 %
N =
/ \ ){ car window }

{ golf cart, {car,auto, automobﬂe,/bas—paﬁ
golfcart} machine, motorcar }

L

’ 5N A8

> ‘&U‘ 'Oq"f
/ ¢ “\
=~
{convertible} % {accelerator,
{air bag) accelerator pedal,

gas pedal, throttle}
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Wikipedia [the online community, 2001-today]

Wikipedia

@ [he largest Web encyclopedia

o Wikipedia pages (Wikipages) encode: concepts (SODA (SOFT
DRINK)) or named entities (FOOD STANDARDS AGENCY)

@ The title of a Wikipage (e.g. SODA (SOFT DRINK)) is
composed of:

o lemma (soda)
e possibly, a sense label (soft drink vs. sodium carbonate)

@ Wikipages contain hyperlinks to other Wikipages

o Some Wikipages are redirections to other pages (e.g. SODA
(SODIUM CARBONATE) — SODIUM CARBONATE)

o Wikipages are manually categorized (e.g. SOFT DRINKS for
SODA)
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BabelNet: concepts and semantic relations (1)

« Concepts and relations in BabelNet are harvested from
WordNet and Wikipedia:

@ WordNet
-
>

e Wikipedia
-
>
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BabelNet: concepts and semantic relations (2)

We encode knowledge as a labeled directed graph

@ each vertex represents a Babel synset

aircraftyy
Luftfahrzeug,,

balloongy

Ballonyg
aerostatogs

montgolfierer,

aeronaveg,
aéronef .,

@ each edge expresses a semantic relation

Isa instance-of
——
part-of UNSPEC
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BabelNet: objectives

1. Provide a unified resource

— By establishing an automated mapping between Wikipedia
pages and WordNet senses

2. Enable muliilinguality

— By collecting the lexicalizations of concepts in different
languages using:

a) Wikipedia interlanguage links
b) Statistical Machine Translation
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Building BabelNet: Mapping Wikipedia to WordNet (1)

* Bunescu & Pasca [2006] and Mihalcea [2007] used
Wikipedia pages as word senses

« Mihalcea [2007] manually mapped Wikipedia pages to
WordNet senses and performs lexical-sample WSD

« Our contribution: we fully automatize the mapping
between Wikipedia and WordNet

— We select the most likely WordNet sense s of a wikipedia page
W:

(s ¢ Sensesy(w) if a link can be established,
pw) = <

e otherwise.
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An example of mapping

Rozidre_bhlloo S
S E\ndrHaQque_s_Garnerin

Fird:baibun Lig htar.__tl_'l,a n_air

stratuéphe'ie#nﬁ
L fi e
ballbonyi trial_balloon#ni2
: il N
— o~ T
ballopnistin#1 bag#n#1 VY, = i
G & Login Create account - 2 gdis 1 Jeall_'l-F ran;uid\_._'!z?’,tre_de_ﬂozier
~ K
G | T
o Vi Atticle  Talk Read Edit View history |Se€d Q| gdis —
L F heated#a#1|heated_up#a®l|het#as1|het_up#a#t
el — re r % N
WO A Balloon (aircraft) ;s @ ]
&) / o
The Free E: pedia From Wikipedia, the free encyclopedia _Da]‘lFﬂ”-PiEf[e-_%'g‘,gC“ﬁrd ﬁ;@
M Not to be confused with Airship er Blimp lighter-thaf rafi#n#1 o
ain e e e =
Conjgits This article needs additional citations for verification. Please help improve this article by adding Al_a_rl:ls__tat UPEFEWI‘I_UMWEI’d
Fegred content citations to reliable sources. Unsourced material may be challenged and remaoved. (apnit 2008 - -
ot events A balloon is a type of aerostat that remains aloft due to its b A balloon travels by maving with th alénit
! b ype of aerostat that remains aloft due to its buoyancy. A balloon travels by moving with the il
Jonate to Wikipedia wind. It is distinct from an airship, which is a buoyant aircraft that can be propelled through the airin a
controlled manner. oy
Interaction meteorelogical_balloan#n1
S The "basket” or capsule that is suspended by cables beneath a balloon and carries people, animals, or P’
=L automatic equipment (including cameras and telescopes, and flight-control mechanisms) may also be called
About Wikipedia e
ommunity portal g )
fecent changes Contents [hide] -
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Creation of the Wikipedia disambiguation contexts

o Wikipedia: given a page (e.g. BALLOON (AIRCRAFT))

= sense labels aircraft
w  |inks wind, gas, helium, ...
= categories technology
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Building BabelNet: Mapping Wikipedia to WordNet (2)

p(w) = argmax p(s|lw) = argmaxM
scSenses wn(w) S p(W)

= argmaxp(s,w)
5

« Given a Wikipage w and its disambiguation context
ctx(w):
— For each WordNet sense s of w, calculate score(s, w) as
follows:

score(s,w) = Z Z Z o—(length(p)-1)

cwe Ctx(w) §' € Senseswn(cw) p € pathswy(s,s")
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Building BabelNet: Translating Babel synsets

1. Exploiting Wikipedia interlanguage links

Ballon

globo
aerostatico

pallone
aerostatico

Babelplagiarism: What can BabelNet do for

About Wikipedia
Community portal
Recent changes
Contact Wikipedia

-

Toolbox

-

Printlexport

* Languages
Anglisc
A
Catala
Cesky
Cymraeg
Dansk
Deutsch
Eesti
EMnviKd
Espafiol
Esperanto

Francais

Frysk

Fh=H

Hrvatski
Bahasa Indonesia
islenska
Italiano

Ty

Kazakwa
Lietuviy
DaIWIge
B#EE

Morsk (bokmal)
Polski
Portugués
Romana
Pycckuil

aUTOMATIC qUIPMENT (INCIUaINg Carmeras and telescopes, and TgnT-Control Mecnanisms) may also pe canea
the gondola.

Contents [hide]
1Types
2 History
3 As flying machines
4 Military use
4.1 American Civil War
4.2 After the American Civil War
5 Records
6In space
7 Sports
8 Seealso

9 References
10 External links

Types [edit]

There are three main types of balloons:

+ hot arr balloons obtain their buoyancy by heating the air inside the balloon. They are the most common type of balloon aircraft. "Hot air balloon” is
sometimes used incorrectly to denote any balloon that carries people.

+ gas balloons are inflated with a gas of lower molecular weight than the ambient atmosphere. Most gas balloons operate with the internal pressure of
the gas the same as the pressure of the surrounding atmosphere. There is a type of gas balloon, called a superpressure balloon, that can operate with
the lifting gas at pressure that exceeds the pressure of the surrounding air, with the objective of limiting or eliminating the loss of gas from day-time
heating. Gas balloons are filled with gases such as:

« hydrogen — not widely used for aircraft since the Hindenburg disaster because of high flammability (except for some sport balloons as well as
nearly all unmanned scientific and weather balloons).

e helium —the gas used today for all airships and most manned balloons.

« ammania — used infrequently due to its caustic qualities and limited lift.

e coal gas — used in the early days of ballooning; it is highly lammable.

« methane — used as a lower cost lifting gas, but offering less lift than helium or hydrogen [']

» Roziére balloons use both heated and unheated liting gases. The most common modern use of this type of balloon is for long-distance record flights
such as the recent circumnavigations.

History [edit]

Main article: History of ballooning

21/09/2012
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Building BabelNet: Translating Babel synsets

2. Filling the lexical translation gaps using a Machine
Translation system to translate the English
lexicalizations of a concept
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Building BabelNet: Translating Babel synsets

2.

Filling the lexical translation gaps using a Machine
Translation system to translate the English
lexicalizations of a concept

For each word sense s, we translate:

sentences from SemCor (a corpus annotated with WordNet
senses) which contain s

sentences from Wikipedia linked to the Wikipage of s
The most frequent translation of s is

semantic relation
.......... interlanguage link

selected for each target language
G e T
French Jeu. dmmaturge
e G Gy el G A
S T
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BabelNet: an encyclopedic dictionary!

" [balloongy. Ballonpg.
aerostatogs, globus,,
pallone aerostaticoy,
ha]lnnFRi montgolfiererg

E S

.world's first hydrogen balloon flight.
...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

Machine Translation system
I

For research purposes...
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Anatomy of BabelNet

* 6 languages covered (moving to 40+)
* More than 3 million Babel synsets (i.e. concepts and NE)
* More than 26 million word senses:

English Catalan French German Italian Spanish Total |

English WordNet 206,978 - - - - - 206,978

{ pages 2,955,552 123,101 524,897 506,892 404,153 349,375 4,863,970

Wikipedia { redirections 3,388,049 105,147 617,379 456,977 217,963 404,009 5,189,524

translations - 3,445,470 | 2,844,751 | 2,841,916 | 3,046,325 | 3,083,427 | 15,261,889

WordNet { monosemous - 97,876 08,081 97,672 98,475 98,092 490,196

SemCor - 6,852 6,855 6,850 6,856 6,855 34,268

Total 6,550,579 | 3,778,446 | 4,091,963 | 3,910,307 | 3,773,772 | 3,941,758 | 26,046,825

« About 70 million lexico-semantic relations:

English Catalan French German Italian Spanish Total

WordNet 364,552 - - - - - 364,552

WordNet glosses 617,785 - - - - - 617,785

Wikipedia 50,104,898 | 971,379 | 5,594,590 | 5,931,099 | 3,598,733 | 3,397,754 | 69,598,453

Total 51,087,235 | 971,379 | 5,594,590 | 5,931,099 | 3,598,733 | 3,397,754 | 70,580,790

21/09/2012
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Evaluation of the Wikipedia-WordNet mapping

« Test set of 1,000 Wikipages manually mapped to the
corresponding WordNet sense, if available

Mapping method P R F, A
taxonomic 89.7 | 478 | 62.3 | 72.6
% gloss 87.6 | 51.8 | 65.1 | 74.0
A | taxonomic + gloss | 87.5 | 65.6 | 75.0 | 80.9
taxonomic relations
= (@2 87.2 | 60.8 | 71.6 | 779
= % @3 81.6 | 65.0 | 72.4 | 78.7
< g {@ 4 78.3 | 69.5 | 73.6 | 79.4
= | gloss relations
© o (@2 80.5 | 60.6 | 69.1 | 77.0
= :’; {@ 3 77.5 | 65.2 | 70.9 | 78.2
£ @4 724 | 67.1 | 69.6 | 78.0
taxonomic + gloss relations
o (@2 81.2 | 746 | 77.7 | 82.7
5 = {@ 3 72.8 | 77.4 | 75.1 | 80.1
Sl @4 64.3 | 76.2 | 69.8 | 75.0
MEFS baseline 254 | 492 | 335 | 254
Random baseline 24.2 | 469 | 31.9 | 24.2
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Evaluation of BabelNet against gold standard resources

Coverage
GermaNet | ‘ Resource Method | SENSES ‘ SYNSETS ‘
_ T wixt { Links 30.6 50.7
E Transl. 42.6 58.2
B l% WN Transl. 21.0 28.6
MUItlllnguaI BABELNET illk g:.g :3.3
Central W { 1nks : :
= IK1
Repository \\E Transl. 47.9 56.1
2 WN Transl. 25.2 30.0
“7 | BABELNET All 66.4 76.6
WIK] { Links 20.3 25.2
\g Transl. | 46.9 54.1
Z | WN Transl. | 25.0 29.6
“ | BABELNET All 64.0 73.3
WIK] { Links 28.1 40.0
= Transl. 39.9 58.0
N= | WN Transl. | 19.7 28.7
WOrdNet = | BABELNET All 52.9 73.7
Libre dU WIKI { Links 70.0 72.4
Francais 5 Transl. 69.6 79.6
5% |wN Transl. | 163 | 19.4
= | BABELNET All 86.0 92.9
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Evaluation of BabelNet against gold standard resources

Extra-coverage

2500%

2000%:

1500%

1000% |

S00%

0%

O'Wiki Links

Wiki Transl.

E'WN Transl.

B BabelMet
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Coarse-grained Word Sense Disambiguation
with BabelNet

. Nouns only | All words
Resource | Algorithm
¢ P/R/F, P/R/F,
Degree 80.1 79.7
PLength 80.2 79.8
WordNet | opyobability | 79.8 79.3
PageRank 79.9 79.4
Degree 84.7 82.3
PLength 85.4 82.7
BabelNet | opy obability | 84.6 $2.1
PageRank 82.3 80.1
SUSSX-FR 81.1 77.0
TreeMatch N/A 73.6
NUS-PT 82.3 82.5
SSI 84.1 83.2
MES BL 77.4 78.9
Random BL 63.5 62.7
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Main alternatives to BabelNet
« WikiNet [Nastase et al., 2011]

— a multilingual semantic network built from Wikipedia and including
semantic relations between Wikipedia entities collected from the
category network, infoboxes and article bodies

* Universal WordNet [de Melo & Weikum, 2009]

— bootstrapped from WordNet and built by collecting evidence extracted
from existing wordnets, translation dictionaries, and parallel corpora

- MENTA [de Melo & Weikum, 2010]

— multilingual taxonomy containing 5.4 million entities, also built from
WordNet and Wikipedia using a number of heuristics

Resource Lemmas Concepts | Word senses
UWN 822,212 117,659 1,595,763
upper-level 837,627 82,115 845,210
MENTA { full — | 5,379,832 —
WikiNet 11,721,594 | 3,707,718 | 14,200,945
BabelNet 23,936,234 | 3,032,406 | 26,045,741
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BabelNetXplorer: A Java APl and a Visual Explorer
[Navigli & Ponzetto, WWW 2012 DEMO]

« We developed the BabelNet API for effectively accessing
multilingual semantic networks such as BabelNet
— A Java API| based on Apache Lucene
— Available at: http://babelnet.org

* We created a Web application for visualizing and exploring
semantic networks
— Based on Cytoscape Web, a state-of-the-art visualization software

« Available at: http://Icl.uniroma1.it/bnxplorer
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The BabelNet API

BabelNet bn = BabelNet.getInstance(); Retrleve a” Synsets Wlth
System.out.println{"SYNSETS WITH English word: % "bank:\""); I (s 2
List=BabelSynset> synsets = bn.getSynsets(Language.EN, "bank"); the Eng“Sh Iemma bank

for (BabelSynset synset : synsets)

{
System.out.print(" ==(" + synset.getId() + ") SOURCE: " + synset.getSource() +
"; WN SYNSET: " + synset.getWordNetOffsets() + ";\n" +
" MAIN LEMMA: " + synset.getMainLemma() + ";\n SENSES (German): { ");

for (BabelSense sense : synset.getSenses(Language.DE)) I e

System.out.print(sense.toString()+" "); . . .
system.out.println("hn ----- "); Print information about
Map=IPointer, List<BabelSynset=> relatedSynsets = synset.
for (IPointer relationType : relatedSynsets.keySet()) eaCh Synset
{

List=BabelSynset= relationSynsets = relatedSynsets.getirela

for (BabelSynset relationSynset : relationSynsets)

{

System.out.println(" EDGE " + relationType.getSymbol() +
"'+ relationSynset.getId() +
" " + relationsynset.toString(Language.EN));

} .
} Get the (relation, synsets) map
System.out.println(" :

y P of the synset neighbours
7 I

I \ \
Get the synsets related by
a given relation type

Print the information of
each related synset
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BabelNetXplorer: semantic network exploration

« Type a (possibly ambiguous) word in any language:

BabelNetXplorer

PBabellNet

Input Words Knowledge Base
[pany BabelNet v

Search

Input word

bank#n#1 bn:00008363n

CAovora, CAriba, ITriva, ES orilla

FR rive, DE bank

depository_financial institution#n#1bank#n#2
CAbane, IT:-baneca, E3:banco, FR:banque

DE bank

bank#n#3 bn:00008365n

CAvora, CAriba, [Triva, ES orilla

DE ufer, FRrive, FR berge

bank#n#4 bn:00008366n

bankim#6 bn:00008368n

bank#n#7|cantin#2 camber#m#2 bn:00008369n

savings_bank#n#2|coin_bank#n#1/money_box:

bankim#9|bank building#m#1 bn:00008371n

bankm#10 bn:00008372n
Bank_(tobacco) bn:00919659n

Bank_(topography) bn:00932118n
CAbane, IT:banca, ES:banco, FR:banque ~

[ ] ] >
Q Inguistic

Computing Laboratory

Find Search = Filters
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BabelNetXplorer: semantic network exploration

« Click a Babel sense of the input word:

Selected sense

acceptivioftakesi | havetvi 4
T bond#n#2|bond_certificatesnii

banie3
cash_machines#r# |w:ash'_d\spenser#n#1 |automated_teller_machine#n#1|automatic_teller_machine#n#1|automate d_teller#n# |automatic_tellers#n#1 |ATM#mS

FingnAgEsFcs Invstrient_banking
Branch_(banking) i i
gdis T / thr\ftim'st\t_umn#n#w

acquirer#n#2

b
building| society#n#1 agent| bank#n#2
B Eentral_barien1

channzi#i#2c anahzmaﬁaﬁm@émﬁmem hank#nm
:ne-:k#nﬂ|nan\<_cne-:|c#n#w\hcguc#nm .

member_banl@#n#

s / F ~ mterest#n#il
credit [uniorsng | Stodk_brojer

b|I\wn#3|nate#n#f|g.uv=mm=nt nut:#n#ﬂbank bill#n#t] |banker's b\\l#nm\hat’wk note#n# 1 |banknote#n#1|Federal_Reserve_note#n#1|greenback#n#
depository_financial_institution#n#1bani#n nking_concern#ni [banking_company#n# |
B T
r

fimance#n#1
credit_card#n#|chargs_ -ard#nm arge_plate#nitl plasti-#n2 . :

state 'bar{k#n#w
=
J%Fﬁs-.m mt:rcst rate#nm|raté of_interest#n#1

Transa-‘uonat‘ a::ount % o UI’I’EW Wmﬂ

Retall bankmg
commercial ban\ﬁm#wull S:r\me banln#1 pank UPt'
financial_institution#n#1|financial_s -Jrgamzatmn#n#urmanw ial orgamsatlum‘m#
#m

gdis
poswm#2|ban\<#v#'—"

D°“b‘e""”w—b‘”_k‘-‘ee':‘”Q—SVStem Federal_Reserve Bank#n#wcs:r\/c bank#n#t -
Hﬁmc LOan Bank’f‘ﬂ#1

insuriance#n#
s mer-:hant_bank#n#rl|acquira‘rm#ﬁm#1
lend#vi2|loan#v#1
savings_and_loan#n#1|savings Jand_loan_associatiors#ng banidsEs

banking_industry#r#1|banking_system#n1

BabelNetXplors

FBabelNet
Input Words owledge Base
bank BabelNet v

bankn#1 bn:00008363n

CAcvora, CAriba, IT riva, ES orilla

FRrive, DE bank

depository financial institutionzn#1|bankim#2
CAcbanc, IT:banca, ES:banco, FR banque

DE bank

bank#n#3 bn:00008365n

CAovora, CAriba, IT riva, ES orilla

DE:ufer, FR.rive, FR berge

bankn#4 vn:00008366n

bank#n#5 bn:00008367n

bank#n#6 bn:00008368n

bankim#7|cant/m#2 cambertm#2 bn:00008369n

savings bank#m#2|coin_bank#n#1|monev_box!

bank#n#9bank buildingZn#1 vn:00008371n

bank/m#10 bn:00008372n

Bank_(tobacco) bn:00919659n

Bank_(topography) pn:00932118n
CAcbanc, IT-banca, E3:bance, FR banque ~

Find:

Search = Filters

Qi ] >

inguistic Computing Laboratony]
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BabelNetXplorer: semantic network exploration

« Expand the graph by clicking on a node:

BabelNetXplorer

.
financial_instiutions#ns1inancial_ordanization#ng1|inancial_organisations#1 Expa n d WI t h ?Babeli\let
Inte festingd = = 0 Input Words Knowledge Base
~\ Financial_seeéeys, and_loan#n#1|savings |and_loan_assaciation#n#1 th e n e I g h bo u rS bank AEEE R

deposittgEIlanidvie Federal_Reserve_Banieng1reserve_banis#n1

) , of the selected
'5adJa”W‘”*‘J_Iﬂéﬁﬂtbaf}}%ﬂg}}mﬁrﬁ: Ie;k;#nﬁ|ban|<7ch_;-:_lf#n#1|w:hé’ﬂﬁ%#. T
central_banini#1 W Gl N nOde

L flnan-:e#_n#rﬂ

NOUN ~

bank#n#1 bn:00008363n

e " B E ‘; " CAvora, CAriba, IT:riva, ES orilla
state_[banlzn#1 afme _LogRapana il N FRrive, DE bank
=3 credit_cardgn#Tlcha ;ard#n#w Frae [piatesra i J9F0EHR pri ‘“’WWW%”‘W"FW G : S, o
RN g 19 i depository_financial institution#n#1bank#n#2
- = \» hahlis- CAbane, IT banca, E3 banco, FR banque
insurance#ni | 7 .
currénc winn1 2 DE bank

bank#n#3 bn:00008365n
CAvora, CAriba, IT riva, ES orilla

depasitary_financial \nstltutlonﬁnﬁ1|banlcm

k\ng_concqrn#n#lmgmtggﬁcg%ﬁ il

r #m It . : :
stodk_broker h_machinesricash i #1|automated_tel hine#n#Tactomalic_tel chinestrt automated_tellernsjautomatic_sl i Do o FE-rive, FR berge
oG \ndustry#n#”bankmg %Vﬁm‘i”g rcas mac ine; |cash_dispenser#n#1|automated_teller_machine#n#1|automatic_te chine#n#1|automated_teller#n#1|automatic_tellg| bank#n#4 b 00008366n
ey bankmptry#naa —
bank#v#s - Hoe
d\E gus : z 0 bank#n#3 bn:00008367n
gmgrcd\t unicingni | - i
o thrift_institutiorsng - ) 5
merchant bank#n#ua cHanDag2lcanalizesalic analig=? | — Onling_banking bank#n#6 bn:00008368n
cammercial_banke#nd 1 full_service_bank#n#1 " -
. srancr{@¥nicng) bank#n#7|cantén#2|camber#n#2 b
an gw;ﬂakewwuhavﬁvﬂa / ANKANH / [CANENAZ ([CAINDEr#IA 2 bn:00008369n
= F- -
building Eo- lcky;ryy uaakh::pmg ystem , r

Transactional_account PHC_Financial_Services _ @ 5 o3y i)
_ ~— savings bank#n#2|coin bank#n#l|monev box3

Iend#v#zruruan#\,#w | P - N R P
s interest_rate#n#{|rate_of_interest#n#1 bank#n#9bank buildingzm#1 bn:00008371n

#3notesn#E| government,_noted | jaank_bil#nd 1 joanker's_billin#|bank_notegmmtljpankeotzng | Faderal Reserve_notefin|areenoackini| Telephgne_baniing L
; bank#m#10 bn:00008372n
Bank_(tobacco) bn:00919659n
Bank_(topography) bn:00932118n
CAcbane, IT banca, ES banco, FR banque v
] B
- A ;T Teti i =
_— —— EJ§ inguistic Computing Laboratony

Babelplagiarism: What can BabelNet do for 21/09/2012
cross-language plagiarism detection?

Roberto Navigli




BabelNetXplorer: semantic network exploration

« Expand the graph by clicking on a node:

. BabelNetXplorer
Expand with d

_ #abelNet
girs#n#1|gire_chequednddet_debit

R : 5 f :r {3 th e n e i g h bo u rS Input Words . Knowledge Base

authentication#ng 1 [alimajictn#2|assay-ma e 1 bank BabelNet v
0 ‘

| of the selected

: | node

r
t Wabile_banking

v
+
omm@mm
= '

debit e ard#n#1
—r

Wite_trapsfer

Telephbne_banking PNC_Findnsial_Sewices

Bank_stitementengt bank#n#1 bn:00008363n
R i 1]cunent_adeounth eranc B CAvora, CAriba, ITriva, ES orilla

r

FRrive, DE bank
depository financial institution#n#1|bank#n#2
CA:banc, IT:banca, ES:banco, FR:banque

cash_machine#ng1|cash_dispenser#ng1|autom ated_teller_m 1autamatic feller 1lautomated_tellemng 1| automatic_tellemn#1|AT#n#S

interest_rate#n#{|1atd_of_inters

st
credit_card#ng1|chargs_ card#r\ﬂﬂ[cl\alue p\atern:gm%aunn.g £ 0unt

CAVOla CAriba, ITriva, ES:orilla
DE:ufer, FR rive, FR berge

bank#n#4 bn:00008366n

savings_and_lsangn#1sav(ngs Jand_loan_association#ng1
bank{nu_mdusw#nm|bankmu_symm#n#1
/ d
accepmwzuake#vﬂ"liﬁ%ﬂm’-‘?"‘“*“ ‘"““"e”““*“

rDoublelenty_lookeeping_system _
" &

' ' bulldingeagsfetrt 1 bankim#5 bn:00008367n
insurgnespng 1 / ot ——
curdneingt mn#n*a\nmme_a\gnvwmsngﬁwagggm;quﬁn\@ggmmr; bill#nd 1k _note#ng 1lbanknote#n# 1[F ederal_Reserve_note#nd1|gresnbackén1 bank#n#6 bn:00008368n
: HNH g
depositEz bankd e ¢ * 1 o o o
- - bank#n#7|cant#n#2 camber#n#2 bn:00008369n
nel#w#2can tl s ituti qa.;mvn@mkmg ancem#nﬂrhanklk\y!mﬁﬂﬁﬂﬂu
state [banietn# 1 = - R bond#n#Z|bohd_clertific atednd 1
ondEREZ|bohd_ckificatedns : Tl o Tl
St - N g = savings_bank/m#2|coin_bank/mi1money_box;
Retail_banking " | | 2
credit [unigndm e iR ttuanenet e i s
B / L e S bank#n#9|bank_building#n#1 bn:00008371n
agent| bank# n#2 ' -
commercial bank#nMHull servick Lbankna] bﬂ"}f‘"‘*:" b k 10
AnkKFN#10 bn:00008372
Jead_bankn# aghni_bankén#1 _finansial_j AR Liat_org ffinancial_ 1 ey "
= Z findncedn# 1
- Fedaral_Reserve_Bapke#nk|reserve_bankén#1 Bank !tobacco! bn:00919659n
bankruptey#n#3 -

Stodk_broker intelrestngd

Bank_(topography) bn:00932118n
CAcbanc, IT banca, ES:banco, FR:banque ~
< I ] >

Vs check#nd [bank_dheckng1|chequegng 1
Financial_services :

lend#wk2|loan#1

[
Find Search = Filters R
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BabelNetXplorer: search for connecting paths

« Search the graph for connecting paths:

e
bank#n#s B I balancefva2 branchlet#ng
capital_account#n#1

BabelNetXplorer

| deposttory_financial_nstiutiongnet |

PRabelNet

Input Words Knowledge Base

bank#ngg

bank account branch finance WardNet v

+
‘ informing#n#2 | [ ‘bank#n#1

[ i
R repertana2
/

:
banking#n#t
/ informitvi1

Search

IR reperane? -

financing#n#1 1

+
\

X debitivit
[ eommn ]

I % chergofeds

@

ﬁ I
.
® I

+
+

. /

p +

capital_accourt#ng2 * R
- + b " furcation#n#1
. invoicedvil branch#v#2

reserve#ng2 account#nd? bill#n#2 @
S
& twigdv#l iLreati
& " wighv; @ bifureation#n1
o
__b\fu\ catedvi2

*
balance#n#2 branch#n#z

u* inguistic Computing Laboratory]

Find:

Search = Filters
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Multilingual WSD with Just a Few Lines of Code
public static void acllzdemo() throws IO{kN:aMigli & Ponzetto, ACL 2012 DEMO]

{
List<Word= sentence =
Arrays.aslist (new Word[] { ’ Target words can even be
new Word("bank", 'n', Language.EN]}, . .
new Word("bonus", 'n', Language.EN), I in mixed IanguageS!

new Word("pay", 'v', Language.EN),
new word("stock", 'n', Language.EN)
s
disambiguate(sentence, KnowledgeBase.BABEINET, KnowledgeGraphScorer.DEGREE);
}

pubLlc STATIC VOld 0lSamplguatelCollecTlon<word> words,
KrowledgeBase kb,
KnowledgeGraphScorer scorer) throws ICException

{

KnowledgeGraphFactory factory = KnowledgeGraphFactory.getInstancel(kb);

KnowledgeGraph kGraph = factory.getkKnowledgeGraph(words);

Map<String, Double= scores = scorer.score(kGraph);

for (String concept : scores.keySet())

{ . . .
double score = scores.get(concept); Create a dlsamb|guat|0n
for (wWord word : kGraph.wordsForConcept(concept))

word.addLabel (concept, score); graph for the target WordS

} . . . .

for {w.:.rd word - wgrds} And d'Samblguate In 1 |Ine!

{
system.ouf.println{"\n\t" + word.getword(} + " -- ID " +

word.getId() + " == SENSE DISTRIBUTICON: "};
for (ScoredItem<String> label : word.getlLabels())
{
System.out.println{"\t [" + Tlabel.getItem() + "]:" +
strings. format (label.getScore()));
}
)y
}
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Coming soon to your screens: BabelNet 1.1!

BabelNetl means: 40 languages +

A very large multilingual ontology more accurate mappings
and translations!

SearCh disSarmbisSuate

H

x

PUDLICatioNs

BabelNet is an output of the ERC Starting Grant MuliJEDI No. 259234,
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Now... why am | saying all this to YOU?!

He is trying to
steal important
secrets from us...
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Plagiarism detection: the state of the art

Suspicious
{ document

Plagiarism Detection

TN QAN WY 7# P G
i W WX 0f sefisies

Candidate Candidate Detailed som=Sinrwed ']" terms of e
retrieval documents . comparison =z==sr 2 knowledge m £
ppretary knowkdse s

S PN N N WS-
mwmdhil IUTTTERE AN

Y

[Stein et al., SIGIR 2007]

Document
collection

Suspicious /

passages

« Stemming, stopword removal, chunking into passages,
keyphrase extraction, n-grams, query formulation,
search control, etc.
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So, what can we do? [Examples from Vila et al. 2011]

- Same polarity substitutions:
Google bought YouTube Google purchased YouTube

I adis
k. | self-insurance#n#
merchamtabl\\_ty_'#nﬂ b, [gmup insurance#n#1
malpractice_insurance#nz1{ =
insurance#n#1
buy_into#v#1
= yramidivid s f g r
e T subsmbe#vm | l white_squire#n#1
! | g S
l - ‘ qdis ‘ ~
" ” e greenmail#n#1 white kr r
WIKLEN Mass | mediademarks 2 Thomson#n#2|Eliu_Thomsoni#hi1 gd‘sl'gm‘s" ~ Ty 7 gdis = / -

Federd]Sational Mrmgage Assuclatmn#n#ﬂFanme Mae#n#t WIKLEN:Google_Maps

i WIKEEN:Flickr
- mpestmg#mﬂ|\nve5tment#n;*1 - NIKLEN:Blogaer_(service) WIKLEN:Larry_Page "
Gates#n#ﬂBMLGates#n#1\WiH\amiHenry?GFles#n#W ¥ D”W WIKIEN:Orkut i 1’ I car_gompany#n# ] auto_companyinil
[ r 2 v ahoWfIKILEN Web_search_engine mW#n#ngnwa#nm rug_companfy#n¥# |pharmaceutical_company#n#!iph
gmeneWIK| EN.Guvemmenl-uwneu,curpo!aﬂurp”iu . 7
i WK‘ EN General_El tw‘.m#m P NG el L ]l gL : Sl ENFicre Ay / i g3 furniture_company ogany#net | merchan
w”em”””"maggregam”"” #lwia Enmcroson Sipral I o Ty / . WIKIEN:MySpace |/ _ . G iesent 1illar_Honry_Gaiosnit [ stesl_company#n#1

WIK\ EN:Google_Earth gais gdis \ x e r 7 . distributor#n#3 odis odis -
eﬁWeb#mm|LNJLWn#1\w%b#n#E; 5 £ r rights_¢ m‘TE""TQ*‘*W”Il"QmS ‘SSUEEW“ drug _compar n#1|pharmaceutical_compdf & WIKILEN:Wikipedia / i
' g

== = ; " "
take nver#v#ﬁ\huv nut#v#ﬂbuv up#w# e web_log#n#1|blog#n1

Bk

World_!

= - WIKI'ENLarry_Page 3 share#n#2 . I:_site%n#W website¥ni1 imernal_site#n#' silre‘o#n@ \WIKLEN General_Electric] gdis I odis a
web_site#n#1 \wshs\ta#n#ﬁlnt&mat s\ta#n#ﬁs«e#n#a 1 adis =} B stee\ col yE r i 1
Wet_logRM#TIbiog#n#1 ¥, ¥ radersz | - S z Iectrunlcs 2
LN T o furnitu / chilectorénitljaggregatortndt msnn-,nazslmu _Thomson - il *E

1k EN videq-b

: Y N dolder#ng1[sharenolder#n#1 [shareowner#ng: R ———]
WIKIEN- Wlklpedla | W EN'WE"—SE””—%%’?{P . G 7 _ serwce#r|'HlKlEN‘?“w.Nmmﬁvav vﬁrﬁdgﬂtteﬁ = s ljshar, jshareoiner
' =z [vseiiiass_meda | 2 _ e ———
AN Y TAKEOVEr#IAR  outsnge 1 . ! cay du L. %}:E_Eveﬁ}v#ﬁtu‘y_nuﬁ,‘v#i

H - .

I | &, 1 T

. = y

’ W\KIENF Eremal | ____ i >~ 2

EWWE'“ Goog‘eﬂﬁal’} = - oc:uphmﬁggwgmuoo#nm Jine_of toastsn#1]i ms"fﬂ”“'"ﬂ = 1 mart#:T
gdis !

T T
[ W\KIEN Orkut . WIIENBlogger_(sevice) A st T X suis | glisocctpation#ifi pusiness
WIKLEN Yahno\ ’mt—‘ orporation#n#"
¥ o ynie_|

7
Ipracti
WK EN Flick] V_V‘K‘ ENPicasa stocl Ehange#n#ﬂstmck marketén#|securit r‘“ e o Iho'huy o :_Naliurml Vo
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So, what can we do?

- Opposite polarity substitutions:
Google bought YouTube
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So, what can we do?

* Deletion:
| like eating chocolate
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So, what can we do?

- Semantics based changes:

Bill flew across the ocean
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Remember? BabelNet is multilingual!

« So one sentence can be in English, one in ltalian
Paolo is eating Parmesan  Paolo sta mangiando il parmigiano
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« However, note that only nominal concepts and Named
Entities are multilingual
— verbs, adjectives and adverbs only in English
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Conclusions

 Statistics alone is not enough!

« We provide a (hopefully useful) tool for multilingual lexical
semantics

« This includes cross-language plagiarism detection!
* You just have to download BabelNet and start coding!
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What comes next...

 Plenty of work to do!
- BabelNet:

— Increasing the accuracy of BabelNet (e.g. game with a purpose)

— Integrate more knowledge (Wikipedia categories, Wiktionary,
adjectives, verbs, etc.)

— Labeling relatedness relations (see WiSeNet [Moro & Navigli,
CIKM 2012])

— More languages (40+)
* Much more!
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Thanks or...
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