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Many NLP tasks rely on sense information:

Word Sense Disambiguation
Semantic Relatedness
Machine Translation
Semantic Search
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Many NLP tasks rely on sense information:

Word Sense Disambiguation
Semantic Relatedness
Machine Translation
Semantic Search

J precise taxonomy
w X textual information
WordNet x SIZ€
multilingual
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Motivation
Aligning Sense Inventories

Many NLP tasks rely on sense information:

Word Sense Disambiguation
Semantic Relatedness
Machine Translation
Semantic Search

i

«/ precise taxonomy

w K textual information of
WordNet x size J

. WIKIPEDIA
XK mulilingual

The Free Encyclopedia
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Motivation
Aligning Sense Inventories

Man.. [ N e Y TP [P Iy -.C.)rmatlon:

Alignment on sense level

o« textual information o

. \ 5 7S =) 2
WordNet ¢ . J WIKIPEDIA
J mUItlllnguaI J The Free Encyclopedia

w J precise taxonomy J
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Motivation
Alignment on Sense Level

Alignment on sense level

Damper (flow)

Fram Wikipedia, the free encyclopedia
e = (n) damper (a movable iron plate that regulates the draft

This article is about the architectural elermeant. F

i a stove of clumney or furnace)
e = (1) damper, muffler (a dewvice that decreases the Adi Muffler
a.mphtude ':}.f EIEE#GI?E’ mecharical, acoustical, or ;DD Fram Wikipedia, the free encyclopedia that anyone can
aerodynamic oscillations) ut
e = (1) damper (a depressing restraint) "raix put a damper o
on aur pickic plans" % This article |
This article is about the exhaust system comp
A muffler (or silencer or back box in British Engli
muffler. The internal combustion engine muffler ar =i
WordNet synset Wikipedia article

&
3
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Alignment on sense level
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Alignment on sense level
Damper (flow)
'Frl:um Wikipedia, the free encyclopedia
e = (n) damper (a movable iron plate that regulates thW o |
in a stove or chimney or farnace) This article is about the architectural element. §
e = (1) damper, muffler (a dewvice that decreases the Adi Muffler
a.mphtude of electronic, mechanical, acoustical, or " —F%Jm Wiikipedia, the free encyclopedia that anvone can

aerodynamic oscillations)
e = (1) damper (a depressing restraint) "raix put a damper
article

or our pickic plars" \ Damper (f{}(}d)
?  Compr

From \Wikipedia, the free encyclopedia
Eh Engli

? For other uses of the term "damper”, see Darm@fler ar si

Damper is a traditional Australian soda bread prepd

WordNet Synset Australian dish. It is also made in camping situatio
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Motivation
Alignment on Sense Level

Alignment on sense level

Two main benefits:

low)

1 free encyclopedia

1. Enhanced sense representation

* = (n) damper (amovable 1 2 |ncrease of sense coverage

i a stove of clumney or furi.oo .,
e = (n) damper, muffler (a dewice that decreases the A M LIf'ﬂEl'
armmplitude of electronic, mechamcal, acoustical, or - m
aerodynamic oscillations) il

e = (1) damper (a depressing restraint) "raix put a damper

an our pickic plans"” \ Damper (fDDd) -
? " Comp

From \Wikipedia, the free encyclopedia
Eh Engli

? For other uses of the term "damper”, see Darm@fler ar si

ghout the architectural elerment. F

rom Wikipedia, the free encyclopedia that anyane can

Damper is a traditional Australian soda bread prepd

WordNet Synset Australian dish. It is also made in camping situatio
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Related Work
Automatic Sense Alignment of Wikipedia and WordNet

= Alignment of WordNet and Wikipedia's category system
» (Suchanek et al., 2007); (Toral et al., 2008/2009); (Ponzetto and Navigli, 2009)
» Category system is much smaller (0.5M vs. >3M)
» Neglects huge amount of textual content in articles
= Different goal: semantically enriched ontology

= Alignment of WordNet and Wikipedia articles
» (Ruiz-Casado et al., 2005): Simple English Wikipedia
» (Ponzetto and Navigli, 2010): English Wikipedia
= Alignment based on (normalized) word overlap measure
= Focus on 1:1 alignment

&
3
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Related Work

1:1 Alignment vs. n:m Alignment

Both algorithms are modelled in a way that they always align the most
likely WordNet synset for a given Wikipedia article (or vice versa):.

= What if there is no Wikipedia counterpart for a given WordNet synset
(or vice versa)?

= (1) dream (someone of sotnething
— )

wonderful) "this dessert is a dream”

= What if there is more than one Wikipedia article that can be aligned to
a WordNet synset (or vice versa)?

Rotogravure

Fr
= (1) photogravware, rotogravure (Using / L

photography to produce a plate for printing)  e———_

lllll H

Photogravure

From Wikipedia, the free encyclopedia

Photogravure is an intaglio
printmaking ar phato-mechanical

i
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Both algorithn B o ' \lign the most

likely WordNe Need fPr n.m Allgnment!‘ e versa).

= What if there is no Wikipedia counterpart for a given WordNet synset
(or vice versa)?
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= What if there is more than one Wikipedia article that can be aligned to
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Aligning Wikipedia and WordNet

Our Contributions

< ﬁv; TECHNISCHE
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Novel Two-Step Approach for Sense Alignment

Well-Balanced Reference Dataset for Evaluation

Full Alignment Publicly Available
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Aligning Wikipedia and WordNet
A Two-Step Approach

Wikipedia [RSeeE
article 1 e —
WordNet Wikipedia
synset e ticle 5
Wikipedia aric

Wikipedia
article 3 g
Wikipedia

article ...

Wikipedia
article 4

Wikipedia
—
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1. Candidate extraction
Wikipedia
article 1 a— ——
Wikipedia
Wikipedia [ article 5
article 2 a—— ——
Wikipedia
Wikipedia [ article 6
article 3 ———————
Wikipedia
Wikipedia B article ... |

article 4

i
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Aligning Wikipedia and WordNet
A Two-Step Approach
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2. Candidate disambiguation

WordNet

‘0.’ 'OA
g0

’.”.0 4

Might be one, none, "
or multiple aligned \

Wikipedia article

Wikipedia
article 2

Wik\ggdia
aryC 3

WiR\g£&dia
arfCN 4

[ Wikipedia

L article 5

[ Wikipedia
article 6

-

/

[ Wikipedia
article ...

-
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Step 1. Candidate Extraction

Overview

» For each synonymous word in the synset extract
= Articles with the same title

= Articles with a matching redirect
= Articles with an inlink of the form [ [target|label]]

n Examp|e: S: 1.:11: handwriting, hand, gcript [ something
_ _ written by hand) "she recognized his
= article Script (typefaces) handwriting "y "his hand was illegible

= article Script (comics)

= article Penmanship (Handwriting has a redirect to Penmanship)

= article Writing System (Arabic Alphabet e.g. links to Writing System)
The ‘Arabic alphabet’ is the

[ [writing system|script]] used for

writing several languages of
(Wolf and Gurevych, 2010)

i
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Step 1. Candidate Extraction

Overview

» For each synonymous word in the synset extract
= Articles with the same title

ﬁz:g:gz High Recall
-> High Coverage of Alignments

n Examp|e: S: 1.:11: handwriting, hand, gcript [ something
_ _ written by hand) "she recognized his
= article Script (typefaces) handwriting "y "his hand was illegible

= article Script (comics)

= article Penmanship (Handwriting has a redirect to Penmanship)

= article Writing System (Arabic Alphabet e.g. links to Writing System)
The ‘Arabic alphabet’ is the

[ [writing system|script]] used for

writing several languages of
(Wolf and Gurevych, 2010)
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Overview DARMSTADT
f? Apple
From Wikipedia, the free encyclopedia
]
. s s This article 1a about the fruit. For other useq
S: (n) apple (fruit with red or
vellow or green skin and sweet The apple is the pomaceous fruit of the apple
to tart (:risp whitish ﬂesh) tree, species Malus domestica in the rose
family (Rosaceae), and is a perennial. It is one
of the most widely cultivated tree fruits, and the
most widely known of the many members of
genus Walus that are used by humans.

Extract bag-of-words
Transform them to a vector representation
Calculate vector similarity scores

Classify each vector/sense pair as alignment or non-alignment
based on a trained threshold

Q0o w
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Step 2: Candidate Disambiguation
(a) Bag-of-Words

'"A TECHNISCHE
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hyper- & ~ First
hyponyms paragraph
\

Synsets are represented
by synonyms, gloss,
examples

W
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Step 2: Candidate Disambiguation

(b) Vector Representation

4—{ Method }—»

4 ) 4 )
0.012 0.002
0.002 0.017
0.085 0.007

- / - /
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Step 2: Candidate Disambiguation
(c) Vector Similarity

- \ - \
0.012 0.002
Sim = cos ( | 0002 , | 00171 y=0.125
0.085 0.007
N y N y
or
- \ - \
0.012 0.002
Sim = Chiz( 0.002 ’ 0.017 ) =0.117
0.085 0.007
N y N y

i
~
-
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Step 2: Candidate Disambiguation

(d) Alignment Classification

TECHNISCHE
UNIVERSITAT
DARMSTADT

1 if sim(wn,wp) >t
cwn,wp) = 0 else

= { |s a real valued threshold
= 10-fold cross-validation to determine threshold
= use threshold that maximizes performance
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Step 2: Candidate Disambiguation

(b) Vector Representation

TECHNISCHE
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String based (Word Overlap)

| V. UL I | ACAAC A Y |

Personalized PageRank

14.01.2011 | Computer Science Department | UKP Lab — Prof. Dr. Iryna Gurevych | Christian M. Meyer | 24

&



Aligning with Personalized PageRank
Personalized PageRank

< ﬁv; TECHNISCHE
= UNIVERSITAT
"j ~ DARMSTADT

» PageRank (Brin and Page, 1998) depends on transition probability ¢ and

random jump vector v

» The initial importance of a vertex can be ,personalized” using random
jump vector v (Agirre and Soroa, 2009)

= State of the art in WSD
pr=cMpr+(1l-c)v

If 1 in bag-of-words

{ 1/ m
/ ViT otherwise

» Personalization based on our bag-of-words

= Vertices with a word from our bag-of-words
receive 1/ m score

= m = number of synsets in bag-of-words
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Aligning with Personalized PageRank
Our Method: ppr

vertices = synsets

w edges = relations
—_— \

a N
0.012
WordNet 0.002
0.085 | PP
o _/
4 N
0.002
Wikipedia 0.017
0.007 | PP
o _/

,:,,:,
~
0
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Aligning with Personalized PageRank
Our Method: ppr

< plant, flora (a living organism ...) >

0.25
\ - , 0.25 f fI
ora,
plant, flora, 0.25 plant, vegetation,
organlsm - organlsm flora, . botany
— being plant life 7/
0.25
plant,
I works,
comp X, industrial
building plant
complex

manufactory

brewery
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Aligning with Personalized PageRank
Our Method: ppry

7\

Variant: initialize the PageRank

algorithm solely with the synset
o Y )

~ ~

0.012

0.002
0.085 | PPI

o

~ ~

0.002

Wikipedia - — | DO

WordNet
synset
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Aligning with Personalized PageRank
Our Method: ppry

vertices = synsets

w edges = relations
—_— \

a N
0.012
WordNet . 0.002
' 0.085 | PPla
o
4 N
0.002

0.017
0.007 | PP

Wikipedia
article
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Gold Standard

Well-Balanced Reference Dataset

TECHNISCHE

5//=\ UNIVERSITAT

DARMSTADT

= 320 WordNet noun synsets covering:

Different synset sizes

Different shortest path lengths to root

Different unique beginners

Different number of extracted Wikipedia article candidates

» 1,815 sense alignment candidates

Annotated by three human annotators

Good pairwise annotator agreement: Kk = 0.866 ... 0.878

Gold standard created using majority vote

227 pairs were annotated as alignment

221 synsets could be aligned to at least one Wikipedia article

for the remaining 99 synsets, no Wikipedia article could be aligned
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Gold Standard

Well-Balanced Reference Dataset

= 320 WordNet noun synsets covering:
= Different synset sizes
= Different shortest path lengths to root
= Different unique beginners
= Different number of extracted Wikipedia article candidates

» 1,815 sense alignment candidates
= Annotated by three human annotators
Good pairwise annotator agreement: Kk = 0.866 ... 0.878
Gold standard created using majority vote
227 pairs were annotated as alignment
221 synsets could be aligned to at least one Wikipedia article
for the remaining 99 synsets, no Wikipedia article could be aligned
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» Baselines (1:1 alignment)

Random for each synset, select a random Wikipedia candidate
MFS for each synset, select the most frequently linked Wikipedia article

» Bag of words representation — WordNet
SYN synonyms, gloss & example sentence from the synset
SYN+HYPO SYN plus representation of all hyponyms
SYN+HYPER SYN plus representation of all hypernyms

SYN+HYP2 SYN plus representation of all hyponyms and hypernyms

» Bag of words representation — Wikipedia

T Article title

P First paragraph
R Redirects

C Categories

14.01.2011 | Computer Science Department | UKP Lab — Prof. Dr. Iryna Gurevych | Christian M. Meyer | 32



I CHNISCHE
Evaluation 8, UNIVERSITAT
Results (1) DARMSTADT
= Random baseline: 0.527 all figures refer to F, measure

= MFS baseline: 0.534

WordNet | Wikipedia string ppry ppry + ppr ppr +
string string
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5%  TECHNISCHE

Evaluation //5\ UNIVERSITAT
Results (2) DARMSTADT
= Random baseline: 0.527 all figures refer to F, measure
» MFS baseline: 0.534
WordNet | Wikipedia string ppry ppry + ppr ppr +
string string
SYN P+T+C

+HYPO | P+T+C

+HYPER P+T+C

+HYP2 | P+T+C

Inclusion of categories (C) increases performance
Inclusion of redirects (R) decrease performance
P+T+C obtained the best results

&
=
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Evaluation ) T
Results (3) DARMSTADT
= Random baseline: 0.527 all figures refer to F, measure
» MFS baseline: 0.534
WordNet | Wikipedia string ppry ppry + ppr ppr +
string string
SYN P+T+C .698 754 726
+HYPO P+T+C 702 739 122
+HYPER P+T+C .738 752 765
+HYP2 P+T+C 732 739 746

Personalized PageRank always outperforms string overlap approach
ppry outperforms ppr for SYN and +HYPO
Hypernym synsets increase performance of ppr
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Results (4) DARMSTADT
= Random baseline: 0.527 all figures refer to F, measure
» MFS baseline: 0.534
WordNet | Wikipedia string ppry ppry + ppr ppr +
string string
SYN P+T+C .698 754 756 726 743
+HYPO P+T+C 702 739 147 122 .740
+HYPER P+T+C 738 752 . 765 . 765 781
+HYP2 P+T+C 732 739 757 746 .769

Combinational approach always yields better performance
(due to increasing precision)

14.01.2011 | Computer Science Department | UKP Lab — Prof. Dr. Iryna Gurevych | Christian M. Meyer | 36

&
=




Evaluation ) T
Results (5) DARMSTADT
= Random baseline: 0.527 all figures refer to F, measure
» MFS baseline: 0.534
WordNet | Wikipedia string ppry ppry + ppr ppr +
string string
SYN P+T+C .698 754 756 726 743
+HYPO P+T+C 702 739 147 122 .740
+HYPER P+T+C 738 752 . 765 . 765 781
+HYP2 P+T+C 732 739 157 746 .769

Combination of ppr and string yields best performance with
WordNet synset + hypernyms
Wikipedia article title + first paragraph + categories
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Evaluation
Error Analysis
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automatic
alignment non-alignment
alignment 178 49
manual . -
non-alignment 51 1,537

» False positives due to highly related sense alignment candidates, e.qg.

(cottonseed, cottonseed oil) or (insulin shock, insulin shock therapy)

» False negatives due to very different sense representation, e.g.

<payment, defrayal, defrayment: the act of paying money>
<Payment: A payment is the transfer of wealth from one party...>

» Future work: Include structural knowledge
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» Novel two-step approach: Candidate Extraction and Disambiguation
= Extraction: high recall
» Disambiguation: Combination of Personalized PageRank and Word Overlap
= Evaluation reveals F, = 0.781 on our well-balanced reference dataset

= With our best setting, we generated a full alignment
= Not a 1.1 alignment as in previous works
» Resources are partly complementary on sense level
» Increased amount of knowledge for senses found in both resources

» We believe that the new resource and the enhanced knowledge therein
can boost the performance of NLP tasks

= We already started research on integrating the aligned resource in WSD tasks

&
=
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Thank you for your attention!
Online Resources and Questions

Ubiquitous Knowledge Processmg

. -.l VolkswagenStiftung

KTS

KrAaus TSCHIRA STIFTUNG
GEMEINNUTZIGE GMBH Deutsche .
Forschungsgemeinschaft

e-learning
center of
research
excellence

Emmy
Noether-
Programm

. Informatik

@ Bundesministerium 7 ..
$

sruhunguye e irachadt

oFG

filr Wirtschaft
und Technologie

2 UKP

i
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Thank you for your attention!
Online Resources and Questions

TU | Informatik | UKP Home | People | Research | Teaching | Publications | Data | Software | Services W

UBIQUITOUS

@A TECHNISCHE
i BING =\ UNIVERSITAT

—y :

] DARMSTADT
.,;"" - KNOWLEDGE
— e

TU Darmskadk = Daka = Sense Alignment

Data

BIQUITOUS
NOWLEDGE
ROCESSING

Word Choice Problems

W AN
vxC

Sense Alignment in Wikipedia and WordNet

Elisabeth Miemann {geb, Waolf) and Irvna Gurewych:

Lexical Resources

Quality Assessment
The People’s Web meets Linguistic Knowledge:

Question Paraphrases Automatic Sense Alignment of Wikipedia and WordNet.

in: Proceedings of the International Conference on Computational Semantics (IWCS), (o appear), 2011,
Cford, United Kingdom,

FDFE

Relation Classification
Semantic Relatedness

Sense Alignment »
Mappings between WordMet and Wikipedia

Sentiment Analysis
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Kontakt / Contact

Christian M. Meyer
Technische Universitat Darmstadt
Ubiquitous Knowledge Processing Lab

A0 Hochschulstr. 10, 64289 Darmstadt, Germany
@ +49 (0)6151 16-7477

+49 (0)6151 16-5455

=1 meyer (at) ukp.informatik.tu-darmstadt.de

Rechtliche Hinweise

Die Folien sind fur den personlichen Gebrauch der Vortragsteilnehmer
gedacht. Im Vortrag verwendete Photographien, Illustrationen, Wort- und
Bildmarken sind Eigentum der jeweiligen Rechteinhaber oder Lizenzgeber. Um
Missverstandnisse zu vermeiden, ware eine kurze Kontaktaufnahme vor
Weitergabe oder -nutzung der Vortragsmaterialien empfehlenswert. Sofern Sie
lhre Rechte verletzt sehen, bitte ich ebenfalls um Kontaktaufnahme zur
Klarung der Sachlage.

Legal Issues

The slides are intended for personal use by the audience of the talk.
Photographies, illustrations, tradedmarks, or logos are property of the holder of
rights. To avoid any misconceptions, | would strongly recommend to get in
touch before reusing or redistributing the slides or any additional material of the
talk. The same applies if you consider your rights infringed — please let me
know to initiate further clarification.
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