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Topics (lexicography)

* Digital Dictionary Database (for Slovene)
* |dea / Purpose

* Automatic extraction of lexicographic data (from corpora)
* Data Model

e ELEXIS (European Lexicographic Infrastructure)
* (Dictionary) Sense Linking
* Word Sense Disambiguation
* Dictionary Matrix

e Universal Concepts (need for & possibility of)
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Digital Dictionary Database (for Slovene) - history

* Slovene Lexical Database
« Communication in Slovene (2008-2013)
* Lexicographic data for human users and NLP

 Dictionary of Modern Slovene (proposal)
e May 2013: http://www.sssj.si/ DICTIONARY
* Sociolinguistics: https://www.simonkrek.si/blog/ OF MODERN

* Dictionary of Modern Slovene: Problems and SLOVENE:

Solutions (monograph) |
* August 2017: publication link PROBLEMS AND
SOLUTIONS

 Digital Dictionary Database (June 2020)
* Development of Slovene in Digital Environment
 WP3: Semantic Resources and Technologies

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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I. LEMMA e headword svitati se (to dawn)
e part-of-speech verb

Slovene |
Il. SYNTAX e label only in 3rd pers.

eX| C a | ® structure gbz Inf-GBZ rbz GBZ

¢ pattern kaj se svita komu se svita o cem

(sth is dawning) (sth is dawning to sb about sth)
Database « synt. combin.

( 2 O 1 3 ) IV. COLLOC. e collocation [zaceti. priceti] se svitati [pocasi. malo. malce] se svita

V. EXAMPLES e example Preden se za¢ne zjutraj Pocasi se mi je zacelo svitati.
svitati. je najtemnejsa noc. zakaj Jasni oci tako Zarijo.

Na vzhodu se je Ze svital Petru se pricenja svitati o nekdaniji
dan. ko sta se poslovila. zvezi ned Chadom in Heather.

VI. PHRASEOLOGY e phraseological units

This project has received funding from the E®
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SLD - from semantics to corpus examples

syntactic combination

syntactic pattern & collocation
structure
. extended
semantic frame

semantic indicator

phraseology

Book (2015) - Polona Gantar: Lexicographic Description of Slovene in Digital Environment
Data: Slovene lexical database 1.0 (CLARIN.SI repository)
Online: http://eng.slovenscina.eu/spletni-slovar

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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Two aspects of subsequent work

Automation (of lexicographic work) Data model (for lexicographic data)

user: Simon Krek  corpus: Fida PLUS 620m (SLD sketch grammar) T

| syntactic_structure ¥
Concordance . wg's W INT
Word List l] Ub] t (slogol)  Fida PLUS 620m (SLD sketch grammar) freq = 39356
o dheteh » name VARCHAR(45) ] sense v
Thesayrus H——
Shatch Dt 53 1 0.0 * ’
S Kaariasin sy kako-kdai? 17198 veznik 19203 16 predlog 134 ] | | EINT M
strastno 134 64.24 O in 21 43.18 [ ket &% 26.26 I  lexical_unit_id INT I
neizmerno 150 63.12 O a 131 38.35 [0 od 23 1813
e I .. | composed BOOLEAN I
Change options neskonéno 93 S1.73 [] wvendar 130 37.95 T ™
Turn on | » dummy BOOLEAN B
clustering [ nesmrtno 3% 5149 [ Zeprav 70 34.25 | B
Hore daty 0 zmova 20 ®.92 O ker wns — o _yl  position INT "
0 ved %2 47.95 O tods % .63 o ! frame_id INT
fanhmen v vedno . to 63! (- 0 —————— 4 | H
Oz 7% R.% |
[ nadwe 145 47.83 ie HEOLSINSS— . T T r
1 = o O ket 122 1.8 I I ¥ =+ =F
[0 brezpogojne 52 47.35 O zste 3 A7 L
- 0 [0 nradi 71 20.5% I | I |
iskreno 45.13 kakor 30.44
B E [ brez B 78 | I | I
] noro 8 L6 O da 299 28.95 -
0 ob 55 15.15 I I | I
[J ponowno 157 41.24 O at 54 28.58
o - 0O do mn 1508 | J_ I |
sréno a.47 mpak 27.18
= ’ = O 74 1466 I /M ¥ I 0
[ zelo 41 90.35 O ke 81 2.6 xical
[ med 0 1382 | : le unit ¥ }l———l _____ _!
tak 38.53 k 23.55 )
O tako 566 0 kr 20 O S | id INT |
[ resniéno 58 37.63 [ kador 16 2289 | W !
[ na 1 130 | ¥ syntactic_structure_id INT |
[ preprosto 95 36.85 [ dokier 17 2142 | W ===
O od B I | & type_id INT --
[] brezmejno 18 36.81 [0 kajti 20 21.81 —
- - O po 3B 67 | -
bolj 09 3.5 saj 0 2058
R I i 30 s 0 pri 2 59 I T T

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




gan lexicographic

. LEMMA e headword svitati se (to dawn) cture
e part-of-speech verb

unary
relations &
gramrels constructions

Il. SYNTF e lable only in 3rd pers.
® structure gbz Inf-GBZ rbz GBZ

word ¢ pattern kaj se svita komu se svita o ¢em
§
(sth is dawning) (sth is dawning to sb about sth)

sketches
¢ synt. combin.

e collocation ][zaéeti. priceti] se svitati [pocasi. malo. malce] se svita

V. EXAMPLES e example Preden se za¢ne zjutraj Pocasi se mi je zacelo svitati.
svitati. je najtemnejsa noc. zakaj Jasni oci tako Zarijo.

Na vzhodu se je Ze svital Petru se pricenja svitati o nekdanji
dan. ko sta se poslovila. zvezi ned Chadom in Heather.

VI. PHRASEOLOGY e phraseological units

This project ha



| ex I S european lexicographic
infrastructure

Sketch Engine: sketch grammar

user: Simon Krek corpus: Fida PLUS 620m (SLD sketch grammar,

* regular expressions over POS tags
Concordance lo bo .
Word Lizt Ju ]t] (glagol)  Fida PLUS 6.
=a modifier/modifies Sl
o [t ag D 1] 1. [FagiC # shaae kakokdall 7198 53
2:[tag="P.*"] 1:[tag="S.*"] e P
Save neizmerno 150 63.12
* the name of the arguments (order) SLAe SEcy B nestontno 23 573
clustering [} nesmrtno % 51.49
e 1: 2: = words to be extracted as the Hors data [ rioe 20 92
first/second argument Sy O vedno %2 4795
[l nadwe 145 47.83
° |I °) ()) {} and * Standard ] brezpogojno 52 47.3%
metacharacters (RE) O khreno 8 4513
[} noro 0 L6

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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New formalism

e Two basic research projects (Slovene Research Agency)

* New Grammar of Standard Slovene: Resources and Methods
e WP 2: identification and extraction of collocations

* Collocations as a Basis for Language Description: Semantic and Temporal
Perspectives

e Method

* Focused on dependency annotation layer

* Combining restrictions & representation
* using corpus annotations on morphological and syntactic levels

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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JOS dependency <-> Universal Dependecies

dve

Stiri Stiri dol vez

del del dol vez dve
dol tri del dol dol

€na

L4

— — I | =l —
0 = Em B B b D EERE B G o ] (] % ] o] [ [ me] [] [

QUANT TIME ACT
TIME PAT
RESLT
punct
ccomp
punct acl punct
obl obl punct mark
aux parataxis aux nmod mark obj
det advmod punct expl nmod case aux nsubj
. ! | L] + + : ! |14 { .
] [er] ] (o] [owi] [) [t ‘ o] (o] ten] ] [mece] L] [ o] [
r RV r
QUANT TIME ACT
TIME PAT
RESLT
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Grammatical formalism for the description of

collocations

Example: V + Nucc
absorbirati snov = ‘to absorb substance’

+ ‘the substance absorbs

<system "JOS">

<components>
<component "1 "core” "gbhz"/>
<component "2" "core" "ref" "optional"/>
<component "3" "other" "“forbidden"/>
<component "4" "core" "shz4"/>

</components>

<dependencies>
<dependency "#" to="1" "#>
<dependency "1" to="2" "del"/>
<dependency "4" to="3" "dol"/>
<dependency "1" to="4" "dve"/>

</dependencies>

<definition>

<component ">
<restriction "morphology">
<feature "verb"/>
<feature "main"/>

</restriction>
<representation>

<feature "lemma"/>
</representation>
</component>
<component 2>
<restriction "morphology">
<feature "pronoun'/>
<feature "reflexive"/>

</restriction>
<representation>

<feature "word_form"/>
<feature “all"/>
</representation>
</component>

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agree.r‘r.1ént No 731015.
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Improvements

e Better at identifying difficult relations (subject and object)
* substanca + absorbirati (Nyominative T V) substance absorbs x
* absorbirati + substance (V + Ny yeative) X absorbs substance

* Rendering typical forms of elements in collocations
* financna tezava — financ¢ne tezave (financial + trouble — financial trubles)
e stresti bonbon — stresti bonbone (drop + candy — drop candies)
e dobra moznost — dobre moznosti (good chance — better chances)

* Enabling inclusion of all levels of annotation into the game
* “Extended” collocations

* From patterns (valency, frames + semantic types), to collocations (excluding
phraseology or MWEs)

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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Collocations Dictionary of Modern Slovene

Kolokacije 10
Collocations Dictionary of Modern Slovene

35.989 1.338.801 34.935.880

headwords collocations examples

* Online: https://viri.cjvt.si/kolokacije/eng/
e Data: http://hdl.handle.net/11356/1250

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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Automation on all levels of description

 Headword/Lemma list + POS

* Syntactic structures &
COI Iocations Sounds, Graphics Visuals

* Valency & Semantic Roles Sounds .
* Sense

Explain Combine Exemplify Soundify Streamify  Visualize Translate

baboon noun plural- baboons

baboon » ;‘ A ’ S
b ".. ) % :

Speech Synthesis

* Word Sense Disambiguation
 Word Sense Induction
° De fini tion EX tra C tion Graphlcs glgggéﬁww.lmage-net.org/-Synset: chacma, chacma

e Labels (domain, register etc)
* Phraseology
* Sounds, images, video etc.

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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Data model (for all types of lexicographic data)

* Dictionary of Modern Slovene:
Problems and Solutions
(monograph)

* Bojan Klemenc, Marko Robnik-Sikonja,
Luka Furst, Ciril Bohak and Simon

Krek: Technological Design of a
State-of-the-art Digital
Dictionary

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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Digital Dictionary Database (for Slovene)

SYNTACTIC
STRUCTURES

DEFINITIONS
TRANSLATIONS

MORPHOLOGY

PRONUNCIATION

- SEMANTIC

FRAMES / TYPES

COLLOCATIONS

ATTESTATIONS
CORPUS DATA

- 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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Lexical unit + Sense = Concept (stable id)

;
| syntactic_structure ¥

* Lexicographic Data as a Service
(LDaaS)

7 LR * Available through API service
> gummy BOOLEAN *__ ° Open ACCQSS (CC BY'SA)

|
I
|
I
I
I
I
_______ R — — ——-1d ! position INT
I

id INT ‘

name VARCHAR[45) : sense

______________ | m; * |n CLARIN.SI repository
:,.j.._m* . * Development of Slovene

Language in Digital Environment
(2020-2022)

# gyntactic_structure_id INT

@ type_id INT

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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Why? Artificial Intelligence

Denmark’s National Strategy for Unified Data Modelling for Presenting
Artificial Intelligence (2019) Lexical Data: The Case of EKILEX (2019)

* A common Danish language
resource will be established to
support and accelerate the
development of language-
technology solutions in Danish. The
language resource will be freely
available, enabling suppliers to
build on existing knowledge to
create new solutions within voice
recognition and language
understanding to benefit citizens, -
authorities and businesses. —

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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ELEXIS (European Lexicographic Infrastructure)

.
european lexicographic
@leX|S infra:tructure arap Home Resources Observers Events News About Q y f

R i

el = g g Qe S OVER 330 INSTITUTIONS USING
¥ - " ELEXIS TOOLS

communities.

More than 350 institutions are accessing available ELEXIS tools.

About ELEXIS > & Subscribe to our newsletter > This includes more than 16,000 individual users.

GRANTS FOR GET BENEFITS FOR
RESEARCH VISITS YOUR INSTITUTION

get your lexical databases enlarged,
enriched and updated

-
.

TOOLS AND
B SERVICES

= tools and services to develop new

'7 dictionary databases or process
4 AnAd anrirh avietina Aanac

-
-

visit leading European institutions
to access data and services which i

ara nat fiillhs availahkla Aanlina

NN

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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FLEXIS FACT SHEET

e Call & Topic: INFRAIA-02-2017 (Infrastructures)

* Integrating Activities for Starting Communities
e Start date: 1 February 2018
e Duration: 48 months (31 January 2022) — PROBABLY EXTENDED
* Total cost: 5M €
e Coordinator: Jozef Stefan Institute, Ljubljana, Slovenia
* Number of partners: 17 from 15 countries
* Number of observers: 45 institutions from 34 countries
* Web site: www.elex.is

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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ELEXIS

European Lexicographic Infrastructure

INTERNATIONAL ALLIANCE FOR LEXICOGRAPHY

Globalex (EURALEX, ASIALEX, AUSTRALEX, AFRILEX, DSNA), CLARIN, DARIAH, EFNIL, LDC, ELRA, RDA, industry etc.

LESSER-
ADVANCED INTERNATIONAL ADVISORY BOARD

COMMUNITIES

- CONSORTIUM -

RESOURCED
COMMUNITIES @

PROJECT MANAGEMENT BOARD TECHNICAL MANAGEMENT BOARD

7 1

OBSERVERS

CLARIN DARIAH

- 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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FLEXIS project summary (1)

* The project proposes to integrate, extend and harmonise national
and regional efforts in the field of lexicography, both modern and
historical, with the goal of creating a sustainable infrastructure which
will

* (1) enable efficient access to high quality lexical data in the digital
age, and

* (2) bridge the gap between more advanced and lesser-resourced
scholarly communities working on lexicographic resources.

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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ELEXIS project summary (2)

* Current lexicographic resources, both modern and historical, have
different levels of structuring and are not equally suitable for
application in other fields, e.g. Natural Language Processing.

* The project will develop strategies, tools and standards for extracting,
structuring and linking lexicographic resources to unlock their full
potential for Linked Open Data and the Semantic Web, as well as in
the context of digital humanities.

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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Training Gamification
3 | Courses (- Tools Tools
' * « - =+ =
/= [ "Dictionary-on-the-Fly"“ Tools

" EEXIS

. Word Sen:

DA ardr

f & - ©r < - o
' ELEXIS MATRIX dictionary !

€%

TN

[ ELEXIS linking tools

[ ELEXIS conversion and alignment tool:J ]
- * 4 =

[y

‘ retrodigitisation tools ’
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SKE One-click Dictionary
BN VerbAtlas / SyntagNet

DICTIONARY MATRIX /
MATRIX DICTIONARY

MANUAL: LEXONOMY
AUTOMATIC: NAISC

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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Conversion tool (https://github.com/elexis—eu/elexifier)

@Iexis ntrastrcture Contact Support Help APP

Convert your PDF and XML

dictionaries
with Elexifier!

Elexifier uses advanced XML parsing and machine
learning techniques to help you convert your PDF and
XML dictionaries in a standardized machine-readable
format.

| sarcers_ 9y

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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“Dictiona I’y—()n_the_ﬂyn

DAS H BOARD Gigafida v2.0 (referen¢ni) Getmorespace @ (@ <= @ B 2
GIGAFIDA V2.0 (REFERENCNI) RECENTLY USED CORPORA

Word Sketch ® Word Sketch Difference Gigafida v2.0 Slovenian 1109441592
Collocations and word combinations ®  Compare collocations of two words (referencni)
wsd-sentences1 English 2,234 [}
e = [hesaurus == Concordance _
= Synonyms and similar words = = Examples of use in context English Wikipedia English 1,356,523,079 O
. Araneum Anglicum English e ]
=e= Parallel Concordance = Wordlist Maius [2015]
=®= Translation search l'- Frequency list _
OEC English 2,073,319,589 o
= N-grams - Keywords Slovenian Web , -
= Multiword expressions (MWEs) = Terminology extraction 2015 (slTenTen13, Slovenian 529,994,531 O
TreeTagger v2)
. _ English Corpus for _ R -
Trends g/ One-Click Dictionary SKELL 3.9 English 1041138575 |
Diachronic analysis, neclogisms Automatic dictionary drafting
Dutch Web 2014 Dutch 5 955 777 579 8

(nITenTen14)

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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One click dictionary

@ This feature is still in development. The quality and completeness of the dictionary drafts differ between languages.

Looking for your previously created dictionaries? Go to Lexonomy to find them. F req u e n Cy | ist

N-grams (MWEs)
Keywords

+  Source of headwords

~  Target dictionary

New or enriched

~  Word sense induction

~  Collocation extraction

Sketch Grammar
~  Definition finding

Term Grammar
Definition Grammar

v  Examples finding

~  Thesaurus

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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VerbAtlas — Semantic Roles & Frames

Ve I'bAt la S API-DOC DOWNLOAD ABOUT

List of Semantic Roles ¢ List of Frames

DECEIVE

Cause someone to believe an untruth

affect « feign « pretend AGENT

Make believe with the intent to deceive

lie @ individual

Tell an untruth; pretend with intent to deceive

. .
¢ social group

invent « cook up  fabricate

Make up something artificial or untrue PATIENT

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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SyntagNet — Word Sense Disambiguation

English DISAMBIGUATE

We must learn to live together as brothers or perish together as fools.

e

Concept Named Entities

We must learn to live together as or perish

NOUN VERE °

VERB VERE ADV
learn live together brother perish
Gain knowledge or skills Inhabit or live in; be an In each other's company A male with the same parents Pass from physical life and
inhabitant of ) as someone else ose all bodily attributes and
WordNet (license) WordNet :’:'.u'.Ca.‘:u".'S_‘:.:' functions necessary to
WordNet (Ticense) sustain life

WordNet (license)

WordNet (license)

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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Dictionary Matrix — the cross-lingual challenge

Slovenian Estonian

;
id INT
» name VARGHAR(45) ] sense v
H——
+ )
- | L INT S
I  lsdeal_unit_id INT I
| .. | 7 composed BOOLEAN e
T H
| ¢ dummy BOOLEAM T
|
_______ S ———T Y + position INT H
|_ _________ |  frame_id INT H
_________ I | 5 i
! | Yo F 0F
| | ! | -
| | ! |
| | _ |
I | I I
| Lol
I
I M ¥ I
|
' ] lexical_unit v I |
| = I o
I id INT I
11
| @ syntactic_structure_id INT |
| W
| @ type_id INT
I 0 L
| T T
| |
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Globalex 2020 Workshop on Linked Lexicography

* ELEXIS Monolingual Word Sense Alignment Task

* Monolingual word sense alignment is a challenging task of finding
matching senses between two dictionary entries and will play a
crucial role in the development of new lexical resources.

* Training data — monolingual dictionaries: Basque, Bulgarian, Danish,
Dutch, English, Estonian, German, Hungarian, Irish, Italian,
Portuguese, Serbian, Slovenian, Spanish, Russian

e Competition: https://competitions.codalab.org/competitions/22163

* Proceedings: https://lrec2020.lrec-
conf.org/media/proceedings/Workshops/Books/GLOBALEX2020book.pdf

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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Task: predicting the relationship between two senses

* Five categories

* Exact: The sense are the same, for example the definitions are simply
paraphrases

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

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

* 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

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

Dictionary Matrix

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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Dictionary / semantic network

- BabelNet (CC BY-NC-SA)

* is both a multilingual encyclopedic dictionary, with lexicographic and
encyclopedic coverage of terms, and a semantic network which connects
concepts and named entities in a very large network of semantic relations,
made up of about 15 million entries, called Babel synsets.

e ConceptNet (CC BY-SA)

* is a freely-available semantic network, designed to help computers
understand the meanings of words that people use. ConceptNet aims to give
computers access to common-sense knowledge, the kind of information that
ordinary people know but usually leave unstated.

* BabelNet is very similar in structure to ConceptNet, but very different in
openness.

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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WIKIDATA

Main page
Community portal
Project chat
Create a new Item
Create a new Lexeme
Recent changes
Random Item
Query Service
Nearby

Help

Donate

Tools

What links here
Related changes
Special pages
Permanent link
Page information
Cite this page
Concept URI

Print/export
Download as PDF

Lexeme Discussion

., ~ama
mis-x-Q36790

Language Sumerian
Lexical category noun

Statements

image

qaed

qaed

described by source

2!

mis-x-Q401

] SR

Ama-gi.svg
872 x 222; 17 KB

~ 0 references

Pennsylvania Sumerian Dictionary

» 1 reference

L1-S1

Czech
Cantonese
Serbian
Korean
Chinese
Hindi
Telugu
Catalan
Georgian
Kazakh
Azerbaijani
Cherokee
Swedish
Slovak
Lithuanian

Latvian
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Thank you

Simon Krek

Jozef Stefan Institute, Artificial Intelligence Laboratory
University of Ljubljana, Centre for Language Resources and Technologies

Slovenia




