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Abstract
Aligning senses across resources and languages is a challenging task with beneficial applications in the field of natural language
processing and electronic lexicography. In this paper, we describe our efforts in manually aligning monolingual dictionaries. The
alignment is caried out at sense-level for vanious resources in over 11 hmguxgewwuh 4 more in development). Moreover, senses are

annotated with possible semantic relationships such as broadness,

and lence. In to previous

datasets for this task, this dataset covers a wide range of languages and resources and focuses on the more challenging task of linking
general-purpase language. We believe that our data will pave the way for further advances in alignment and evaluation of word senses
by creating new solutions, particularly those notariously requining data such as neural networks.

Keywords: lexical semantic resources, sense alignment, lexicography, language resource

1. Introduction

Dictionaries form an imp foundations of

natural language processing (NLP) tasks. including word
sense disambiguation, machine translation, question an-
swering and automatic summarization. However. the task
of combining dictionaries from different sources is difficult.
especially for the case of mapping the senses of entries,
which often differ significantly in granularity and cover-

tic role labeling (Palmer. 2009) and information extraction
(Moro et al.. 2013). Moreover. combining LSRs can en-
hance domain coverage in terms of the number of lexical
items and types of lexical-semantic information (Shi and
Mihalcea, 2005} Ponzetto and Navigli. 2010; Gurevych et
al.2012).

Given the current progress of artificial intelligence and the
usage of data to train neural networks, annotated data with
specific features play a crucial role to tackle data-driven

age. Approaches so far have mostly only been on
named entities and quite specific domain language. In or-
der to support a shared task at the GLOBALEX workshop.
we have developed a new baseline that covers 11 languages

and will provide a new baseline for the task of lingual

hall larly in NLP. In recent years, a few ef-

forts have been made to create gold-standard dataset. i.e.. a

dataset of instances used for learning and fitting parameters.

for aligning senses across monolingual resources includ-
g2

word sense alignment.

Different dictionaries and related resources such as word-
nets and encyclopedia have significant differences in struc-
ture and heterogeneny in content. which makes allzmng

across and languages a

task. Word sense alignment (WSA) is a more specific task
of linking dictionary content at sense level which has been
proved to be beneficial in various NLP tasks. such as word-
sense disambiguation (Navigh and Ponzetto. 2012). seman-

ing ly-curated ones such as \Vlkipedi;ﬂ and
expert-made ones such as WordNet. However, the previous
work is limited to a handful of languages and much of it is
not on the core vocabulary of the language. but instead on
named entities and specialist terminology. Moreover. de-
spite the huge endeavour of lexicographers to compile dic-
tionaries. proper lexicographic data are rarely openly acces-
sible to researchers. In addition many of the resources are

fwww.wikipedia.org
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Word to search for: tie

WordNet Search - 3.1

Search WordNet

Pawn (chess)

Display Options: (select option to change) 2 Change

Key: "S:" = Show Synset (semantic) relations, "W:" = Sk
Display options for sense: (gloss) "an example senten:

Noun

e S: (n) necktie, tie (neckwear consisting of a long

Article

A

Talk

W

worn (mostly by men) under a collar and tied in b
in front of the mirror tightening his necktie"; "he
S: (n) affiliation, association, tie, tie-up (a social

valuable financial affiliation"; "he was sorry he ha
other members of the team"; "many close associ
S: (n) tie (equality of score in a contest)

S: (n) tie, tie beam (a horizontal beam used to pr
members from spreading apart or separating) "h
with a tie beam”

S: (n) link, linkup, tie, tie-in (a fastener that servi
walls are held together with metal links placed ir
construction”

S: (n) draw, standoff, tie (the finish of a contest i
the winner is undecided) "the game ended in a d.
wins, 6 losses and a tie"

S: (n) tie ((music) a slur over two notes of the sar
note is to be sustained for their combined time v
S: (n) tie, railroad tie, crosstie, sleeper (one of th
the rails on a railway track) "the British call a raili
S: (n) tie (a cord (or string or ribbon or wire etc.)
tied) "he needed a tie for the packages"

White pawn

Black pawn

The pawn (4,4) is the most numerous piece in the
game of chess, and in most circumstances, also the
weakest. It historically represents infantry, or more
particularly, armed peasants or pikemen.[! Each player
begins a game with eight pawns, one on each square of
the rank immediately in front of the other pieces. (The
white pawns start on a2, b2, c2, d2, e2, 2, g2, h2; the
black pawns start on a7, b7, c7, d7, e7, {7, g7, h7.)

T

Externally controlled motion

+BACK AND FORTH

Bodyv-Iniernal state
Causative/Inchoative

TREMBLE -

idioms

shake dowi
shallge the CRISL off’

shake a leg
ete.,

Causative/Inchoative/Resultative

shake ———

S OUT (PATH PREP)

Funnel

Causative
+CH-LOC

ABSTRACT

Psych/Amuse
Causative/no middle

Crane :
Causative/Cognate object |

+COMM
BODY-PART
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Context

LSRs: a few applications
* Entity linking

“Paris is the capital ot France”

* Semantic role labeling

* Word-sense disambiguation wikipedia.org/wiki/Paris

wikipedia.org/wiki/France

Source: https://en.wikipedia.org/wiki/Entity_linking

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Context

LSRs: a few applications

* Entity linking

* Semantic role labeling Who  did what to whom  at where?

 Word-sense disambiguation I I I I

The police officer detained the suspect at the scene of the crime

L J\ J
T T I T

Agent Predicate Theme Location

Source: https://web.stanford.edu/~jurafsky/slp3/slides/22_SRL.pdf

B This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Context

LSRs: a few applications

WordNet Search - 3.1

* Entity linking

Word to search for: tie Search WordNet

Display Options: (Select option to change) Change
Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations

() Se m a ntic ro | e Ia be | i ng Display options for sense: (gloss) "an example sentence"”

Noun

¢ S: (n) necktie, tie (neckwear consisting of a long narrow piece of material
worn (mostly by men) under a collar and tied in knot at the front) "he stood
in front of the mirror tightening his necktie”; "he wore a vest and tie"
° ° ° ¢ S: (n) affiliation, association, tie, tie-up (a social or business relationship) “a
® WO rd 'Se n Se d ISa m b Ig U at | 0 n valuable financial affiliation”; "he was sorry he had to sever his ties with
other members of the team”; "many close associations with England”

e S: (n) tie (equality of score in a contest)

e S: (n) tie, tie beam (a horizontal beam used to prevent two other structural
members from spreading apart or separating) "he nailed the rafters together
with a tie beam”

e S: (n) link, linkup, tie, tie-in (a fastener that serves to join or connect) “the
walls are held together with metal links placed in the wet mortar during
construction”

e S: (n) draw, standoff, tie (the finish of a contest in which the score is tied and
the winner is undecided) “the game ended in a draw"; "their record was 3
wins, 6 losses and a tie"

e S: (n) tie ((music) a slur over two notes of the same pitch; indicates that the

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Resource alignment

--------------------------------------------
. -

BabelNet

-
--------------------------------------------

Expert-made
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WIKIPEDIA

The Free Encyclopedia

T/

:/|9/~§2
Ao
+ W

Wiktionary

The free dictionary

®

Collaboratively-curated
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Why linking resources?

 To improve word and concept coverage s
* e.g., named entities, new senses Wikipedia | Openwotingua
* To improve domain coverage K

* To improve multilingualism

Wikidata OmegaWiki

* Creating resources for new language pairs

* To combine expert-made semantic relations o
e e.g, Hypernymy’ meronymy, etc. BabelNet (https://babelnet.org/)

Bl This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Word sense alignment (WSA)

— linking lexical content at sense level

lead2 eeo @@ noun ¢

1 — the lead

%) The Chicago Bulls had a narrow lead (=were winning by a small number of points).
lead over

%) The Socialists now have a commanding lead over their opponents.

3 [singular] if someone follows someone else’s lead, they do the same as the other person has done
%) Other countries are likely to follow the U.S.'s lead.

%) The Government should give industry a lead in tackling racism (=show what other people
should do).

%) The black population in the 1960s looked to Ali for a lead (=looked to him to show them what
they should do).

4 — take the lead (in doing something)

5 [countable] a piece of information that may help you to solve a crime or mystery clue

%) The police have checked out dozens of leads, but have yet to find the killer.

6 [countable] the main acting part in a play, film etc, or the main actor
play the lead/the lead role

) He will play the lead role in ‘Hamlet'.
%) Powers was cast in the lead role (=he was chosen to play it).
the male/female lead

%) They were having trouble casting the female lead.

%) the film’s romantic lead

7 — lead singer/guitarist etc

m lead Video English:lead? English:lead2 American:lead! American:lead? Specialist English: lea b

16. countable noun

A lead is a piece of information or an idea which may help people to discover the
facts in a situation where many facts are not known, for example in the
investigation of a crime or in a scientific experiment.

The inquiry team is also following up possible leads after receiving 400 calls from the public.

Synonyms: clue, tip, suggestion, trace  More Synonyms of lead

17. countable noun

The lead in a play, film, or show is the most important part in it. The person who
plays this part can also be called the lead.

Performers from the Bolshoi Ballet dance the leads.
Both the leads in the play are impressive.

Synonyms: leading role, principal, protagonist, title role  More Synonyms of lead

Longman
,/_\,

18. countable noun

A dog's lead is a long, thin chain or piece of leather which you attach to the dog's
collar so that you can control the dog.

[mainly British]
An older man came out with a little dog on a lead.

REGIONAL NOTE:
in AM, use leash

Collins
DICTIONARY

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Context

Sense alignment is challenging
* Differences in structure

* Where a sense is a “sense” and where a “subsense”?
* Differences in content

e Lexical choice:
* Alcohol: vandklar vaedske (water-clear liquid) vs. farvelgs (colorless) in Danish

e Orthographic variations: kjgn vs. ken, paa vs. pa

e Description methods

B This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.




|@XIS guopeen ericomraphic
Context @ 1S
LSRs: the current state

e Asignificant body of research in aligning English resources
including linking the Princeton WordNet with
* Wikipedia (McCrae, 2018)
e Wiktionary (Meyer and Gurevych, 2011)
e the Oxford Dictionary of English (Navigli, 2006)
* A fewer number of manually aligned monolingual resources in

other languages including linking:

* the GermaNet—the German Wordnet with
* the German Wikipedia (Henrich et al., 2012)
e the German Wiktionary (Henrich et al., 2011)

e Various solutions have been proposed to semi-automatically link
and merge existing LSRs

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Objectives

® To address some of the current main limitations in WSA:
o Multilingualism
o Monolingual resources
o Gold-standard datasets
o Semantic relationship annotation

— manually-annotated monolingual resources for the task of WSA for
11 languages™

*Ultimately, 15 languages

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Data to nourish

Annotated data play a crucial role to
tackle data-driven challenges
particularly given the current progress
of artificial intelligence

Bl This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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* Resource selection — higher priority given to dictionaries
* Preprocessing including spelling variation normalization

e Organizing resources in one of the following formats:
a. OntolLex- Lemon (Cimiano et al., 2016)
b. TEI-Lex0 (Romary and Tasovac, 2018)
Cc. orasimple TSV (tab-separated values) format

e Conversion of data into dynamic spreadsheets

 Manual annotation of corresponding resources and Ianguages
e Conversion to the final structure of the dataset |

B This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015
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Methodology
Data Selection

The selection of the initial set of lemmas and senses to be aligned is
guided by the following criteria:

* |lemmas should represent all open class words
* |lemmas should represent different degrees of polysemy

* |lemmas in the two resources have the same part-of-speech tags

— Spelling variations are normalized to an identical variation.

B This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Data selection

The Princeton WordNet Webster’s dictionary of 1913

WordNet Search - 3.1 Clog
Clog, v. t. [imp. & p. p. Clogged (?); p. pr. & vb. n. Clogging,]
Word to search for: ciog Search Wordhet 1. To encumber or load, especially with something that impedes motion; to
) ) hamper.
Dlsplay OpthI’lS: (Select option to change) Change
Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations The winds of birds were clogged with ace and snow.
Display options for sense: (gloss) "an example sentence” Dryden.
Verb 2. To obstruct so as to hinder motion in or through; to choke up; as, to clog a
tube or a channel.
¢ S: (v) clog, choke off, clog up, back up, congest, choke, foul (become or burden: L b ‘ 1
cause to become obstructed) "The leaves clog our drains in the Fall": "The 3. To burden; to trammel; to embarrass; to perplex.
water pipe i k =
o Sa(se) cl|7 o‘;e(;aﬁ‘z: aeczlglg, dance) The commodities are clogged with impositions.
e S: (v) clog (impede the motion of, as with a chain or a burden) "horses were Addison.
clogged until they were tamed” You Il rue the ti
e S: (v) clog, constipate (impede with a clog or as if with a clog) "The market is T lou e hehl,me
being clogged by these operations": "My mind is constipated today" at clogs me WIth this answer.
e S: (v) clog, clot (coalesce or unite in a mass) "Blood clots” Shak.
e S: (v) clog, overload (fill to excess so that function is impaired) “Fear clogged ) , ,
her mind": "The story was clogged with too many details" Syn. - Impede; hinder; obstruct; embarrass; burden; restrain; restrict.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Conversion to dynamic spreadsheets

Headword (pos) Sense IDs WordNet sense Semantic relation Sense match Webster sense Sense IDs

allow (verb)
0]-to admit; to concede; to

give or assign a resource to a make allowance or
allow.v.04 particular person or cause exact v 3.]-to sanctior ¥ abatement.

allow or plan for a certain

possibility; concede the truth or 1.|-to praise; to approve of;
allow.v.06 validity of something exact v 5.|-toownor: ¥ hence, to sanction.

make a possibility or provide

opportunity for; permit to be 2.]-to like; to be suited or
leave.v.06 attainable or cause to remain  broader v T7.]-to grantlic ¥ pleased with.

3.]-to sanction; to invest; to
allow.v.03 let have broader v 4.|-togrant,g ¥ intrust.

4.|-to grant, give, admit,

accord, afford, or yield; to let

admit.v.05 afford possibility broader v 4.|-togrant,g ¥ one have;
5.]-to own or acknowledge;
make it possible through a to accept as true; to
specific action or lack of action concede; to accede to an
let.v.01 for something to happen broader ¥ T7.]-to grant lic ¥ opinion;
6.]-to grant (something) as a
allow the other (baseball) team deduction or an addition;
give_up.v.11 to score broader v 4.|-togrant,g ¥ esp. to abate or deduct; .
grant as a discount or in 7.]-to grant license to; to
allow.v.09 exchange exact v 6.]-togrant (s ¥ permit; to consent to; .

allow the presence of or allow
(an activity) without opposing
allow.v.10 or prohibiting broader v 7.]-to grant lic ~

permit.v.01 consent to, give permission broader v 7.]-to grant lic ¥

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Semantic relationships (based on SKOS*)

e exact: The sense are the same, for example the definitions are
simply paraphrases

e broader: The sense in the first dictionary completely covers the
meaning of the sense in the second dictionary and is applicable to
further meanings

e narrower: The sense in the first dictionary is entirely covered by
the sense of the second dictionary, which is applicable to further
meanings

e related: There are cases when the senses may be equal but the
definitions in both dictionaries differ in key aspects

e none: There is no match for this sense

* https://www.w3.0rg/2004/02/skos/

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Semantic relationships: an example

| ‘Economic policy’

Skos:preflabel ‘Economic cooperation’

skos:prefLabel

skos:broader ‘Economic co-operation’

- - ‘Includes cooperative measures
Interdependence }\ kos:scopeNote—| in banking, trade, industry etc.,
skos: prefLabel between and among countries.’

skos prefLabel

skos narrower

‘Economlc integration” |

kos narrower skos prefLa bel

skos:narrower [ *European economxc cooperation’ |

skos:prefLabel

| ‘European industrial cooperation’ |

skos:prefLabel

prefix skos: <http://www.w3.0rg/2004/02/skos/core# > l

['Industrial cooperation’ |

Source: https://www.w3.0rg/2004/02/skos/core/guide/2005-10-06/

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Evaluation

1. Statistics of the datasets

2.
3.
4.
5.

Frequency of the number of senses
Sense granularity
Sense alignments

Inter-annotator agreement

B This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.



Language | Resource | Nouns | Verbs Adjectives | Adverbs | Other | All |
Ordbog over det||| 2176 (282040) | 983 (119163) | 436 (60599) | 0 (0) 0(0) 3595 (461802)
Danish danske Sprog
Den Danske Ord-||| 1036 (12326) | 383 (4045) 248 (2228) | 0(0) 0(0) 1667 (18599)
bog
Woordenboek der||| 124 (2861) 34 (507) 18 (208) 0(0) 0(0) 176 (3576)
Nederlandsche
Dutch Thal
Algemene Neder-||| 47 (848) 22 (324) 12 (173) 0(0) 0(0) 81 (1345)
landse  Woorden-
boek
English (KD) Global 16 (125) 14 (120) 36 (273) 34 (162) | 25(147) | 125 (827)
Password 16 (138) 9 (47) 31 (189) 22(129) | 24 (107) | 102 (610)
English (NUIG) Webster 1131 (11606) | 741 (4622) 373 (2585) | 45(269) | 0(0) 2290 (19082)
Princeton WordNet ||| 730 (12166) 496 (6980) 249 (2892) | 24(207) | 0 (0) 1499 (22245)
Dictionary of Esto-| || 543 (4012) 273 (1598) 151 (747) 98 (451) | 78 (370) | 1143 (7178)
Estonian s (HES)
Estonian Basic| || 543 (4492) 273 (1983) 151 (1097) | 98 (596) | 79 (468) | 1144 (8636)
Dictionary (PSV)
German 419 (2926) 0(0) 0(0) 0(0) 0(0) 419 (2926)
OmegaWiki
Cerman Wiktionary 247 (3013) 0(0) 0(0) 0(0) 0(0) 247 (3013)
Hungarian Comprehensive 132 (1379)
Explanatory 103 (1150)
Irish An Focléir Beag 891 (8053) 11(95) 55 (267) 10(56) | 36 (171) | 1003 (8642)
Wiktionary 1209 (6696) 8 (45) 61 (181) 10(41) | 36(109) | 1324 (7072)
Italian Ital WordNet 128 (933) 142 (1054) 0(0) 0(0) 0(0) 270 (1987)
SIMPLE 105 (789) 103 (612) 0(0) 0(0) 0(0) 208 (1401)
8ok Serbian WordNet 188 (1459) 183 (1208) 15 (131) 0(0) 0(0) 386 (2798)
Dictionary of ||| 101 (857) 48 (248) 4(34) 0(0) 0(0) 153 (1139)
Serbo-Croatian
Literary Language
Skl Slovene WordNet 49(117) 33 (94) 14 (46) 4(22) 0(0) 100 (279)
Slovene  Lexical ||| 30 (271) 7(36) 9(61) 2(9) 0(0) 48 (377)
Database
Ozhegov- 33(269) 16 (90) 17 (79) 4(14) 30(263) | 100 (715)
Russian Shvedova
Dictionary of the||| 38 (298) 21 (143) 29 (162) 4(12) 55(823) | 147 (1438)
Russian Language
(MAS) . —

european lexicographic
infrastructure

@Iexis

Evaluation

1. Statistics

Number of senses and
number of tokens (in
parentheses)

- This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Datasets description

2. Frequency of the number of senses

4
B Danish M Dutch English (KD) M English (NUIG) ™ Estonian ™ German © Hungarian ™ Irish Italian ™ Serbian @ Slovenian Russian

500

Right senses

100
50
>
Q
[=}
Q
LB
(D]
Yt
S
10
5

Left senses




@lexis sz
Evaluation

3. Sense granularity: Correlation between number of tokens

25000
English (NUIG)
[ ]
20000 Danish
®
& 15000
£
172
[ =4
[}
£
L
ks
5]
£ 10000 Estonian
=]
z
® ish
[
5000
German
Russian . dtalian e
: Hungariar@@Nserbian itch
Slovenian English (KD) o o o
0 L .
500 1000 5000 10000 50000 100000
Number of tokens in R1

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.



Evaluation

4. Sense alignments

@Iexis

Semantic relationshi

Language exact | narrower ll:roader related | all k1 k2 k

Danish 1103 | 316 189 36 1644|| 046 | 0.99 | 0.62
Dutch 46 1 0 0 47 027 | 0.58 | 0.37
English (KD) 55 24 7 22 108 086 | 1.06 | 0.95
English (NUIG) | 885 339 42 67 1333|| 058 | 0.89 | 0.70
Estonian 1043 | 61 54 4 1162]] 1.02 | 1.02 | 1.02
German 50 71 104 2 227 054 | 092 | 0.68
Hungarian 49 13 10 9 81 061 | 0.79 | 0.69
Irish 731 45 67 132 975 097 | 0.74 | 0.84
Italian 116 39 16 28 199 074 | 096 | 0.83
Serbian 85 8 24 28 145 038 | 095 | 0.54
Slovenian 20 23 14 6 63 063 | 1.31 | 0.85
Russian 63 2 40 21 126 126 | 0.86 | 1.02

K — the average degree of senses

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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Evaluation

5.Inter-annotator agreement using Fleiss’ Kappa

Agreement (5-class) | Agreement (2-class)

Irish 0.373 0.468
English (NUIG) | 0.931 0.95
Danish 0.837 0.562

Bl This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.




| ex I S european lexicographic
infrastructure

Conclusion and future steps

We believe that our datasets wil

* pave the way for further developments in exploring
statistical and neural methods in semantic
relationship detection and word sense alignment in
monolingual data

* be useful for evaluation purposes

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 731015.
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