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® my previous lecture
® about datasets with features capturing characteristics of a language as a whole

® this lecture

® about lexically oriented datasets, with features that capture characteristics of individual
words
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® the multi-/cross- distinction (a working definition, not necessarily accepted by all)

® a multilingual data resource — contains information about multiple languages, but often
does not explicitly facilitate interactions or tasks across those languages
in brief, multilingual &~ N x monolingual

® 3 crosslingual data resource — specifically designed to support interactions or tasks that
involve bridging or connecting between different languages

® obviously a fuzzy boundary: e.g. annotation categories used in a harmonized scheme used
in a multilingual data resource can already be considered as a point of cross-lingual
connection (similarly informal translation glosses)

® rather a gradual scale between multilingual and crosslingual resources

® a lexical data resource - a collection of information related to the vocabulary (lexicon)
of a language... simply about words

3/ 34



Multilingual data resources




® goal: represent world languages' morphology in a common scheme
® a collaborative effort

® originally specialized at inflection, but derivation and morphological segmentation later
added too
® 169 languages, with highly different data sizes
® https://unimorph.github.io/
® simple tsv files used for storage, separate files for
® inflection

® derivation (only some languages)
® morpheme segmentation (only some languages)
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eat eats
eat eating
eat ate
eat eaten
eat eats
rastrography

V;PRS; 3;SG
V;V.PTCP;PRS
V;PST
V;V.PTCP;PST
N;PL

rastrographies N;PL

magnetencephalography magnetencephalographies N;PL

Bild
Bild
Bild
Bild
Bild
Bild

Bild
Bilder
Bildes
Bilder
Bilde
Bildern

N;NOM; NEUT; SG
N;NOM; NEUT; PL
N; GEN;NEUT; SG
N; GEN; NEUT;PL
N;DAT;NEUT;SG
N;DAT;NEUT;PL

Millmann Millm&nner N;NOM;MASC;PL

Multilingual data resources
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abandon
abandoned
abandon
abandon
abandon

bestellen
Vietnam
lang
Wissen
England
Engel
rauben

Multilingual data resources

abandoned
abandonedly
abandonee
abandoner
abandonment

Bestellung
Vietnamese
langsam
Wissenschaft
englisch
englisch
Rauber

N:ADJ -ed

ADJ:ADV -1y

N:N -ee

V:N -er

N:N -ment
V:N -ung
N:N —-ese
ADJ:ADJ -sam
N:N -schaft

N:ADJ -isch
N:ADJ -isch
V:N -er
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hammerhead hammerheads N|PL hammerhead|s
sluicegate sluicegates N|PL sluicegatels
paraffinize paraffinizes  V|PRS;3;SG paraffinizels
paraffinize  paraffinizing V|V.PTCP;PRS paraffinize|ing
paraffinize paraffinized V|PST paraffinize|ed
kiloampere kiloamperes N|PL kiloampere|s
fictionalizer fictionalizers N|PL fictionalizer|s
abzahlen abzdhlend V;V.PTCP;PRS ab-|z&hl|-end
abzdhlen abgezdhlt V;V.PTCP;PST ab-|ge-|zadhl|-t
Zahnarzt Zahnidrzte N;MASC|NOM;PL Zahnarztle
Zahnarzt Zahnarztes N;MASC|GEN;SG Zahnarzt|es
Zahnarzt Zahnarzts N;MASC|GEN;SG Zahnarzt|s
Zahnarzt Zahnarzte N;MASC|GEN;PL Zahnarzt|e
Zahnarzt Zahnarzte N;MASC|DAT;SG Zahnarzt|e

M uéﬁgg}%gvzegu rces

Zahnarzten N;MASCIDAT;PL  Zahnarzt|en
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created at UFAL

UDer 1.1 available at Lindat
https://lindat.mff.cuni.cz/repository /xmlui/handle/11234 /1-3247

or downloaded in the UFAL file system /net/data/universal-derivations/

21 languages in v. 1.1
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e created at UFAL
® UniSegments 1.0 https://lindat.mff.cuni.cz/repository /xmlui/handle/11234 /1-4629
® or in the UFAL file system /net/data/universal-segmentations/

® publicly distributable and UFAL-internal parts distinguished because of license
limitations of the original resources

® public version: 38 data resources for 30 languages harmonized into the same scheme
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(wiktionary = blend of ‘wiki’ + ‘dictionary")

https://www.wiktionary.org/

a collaborative wiki-based (browser-editable) free-content multilingual dictionary

November 2023: 192 languages, 37 M articles, 6k creators

® an entry = a wikipage about a word
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Wiktionary — an example of an entry: Czech noun ‘stil’ (a table)

© B 52 heepsy/fen wiktionary.org/wiki/stil

ks b, 19601971, 1003
orcts
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Crosslingual lexical resources




Keep in mind:

First, “crosslingual” implies pairs (or tuples) of languages, which implies O(L?), with the
number of languages or language varieties L ~ 103 to 10*

Second, translation equivalents are hardly ever 1:1, hence the size of the space of translation
equivalents is O(W?2), with the number of dictionary words per language W a 10° (or even
107 if we consider inflected forms)

The question of an appropriate representation is not only a big O problem. It is a BIG
problem indeed.
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cognates
® words that have the same origin, typically similar forms and similar meanings at the same
time
® slightly more formally: sets of words inherited from an etymological ancestor in a common
parent language
® in theory, distinguished from loanwords that have been borrowed “horizontally”
an example: night (English), nui (French), noche (Spanish), Nacht (German) ..
CogNet — a cognate database for 338 languages

® 8.1 M cognates
® clustered in 91k concepts (based on Princeton WordNet concepts)
® 38 writing systems

data available at https://github.com/kbatsuren/CogNet
or downloaded in the UFAL Linux filesystem /net/data/CogNet/
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a collection of standardized wordlists

List, JM., Forkel, R., Greenhill, S.J. et al. Lexibank, a public repository of standardized
wordlists with computed phonological and lexical features. Sci Data 9, 316 (2022).
DOI: 10.1038/s41597-022-01432-0

data available at https://zenodo.org/records/7836668
or downloaded in the UFAL file system /net/data/lexibank/lexibank/
4,000+ wordlists for 2,400+ language varieties

standardization efforts on already existing lexical datasets

colexification - different meanings expressed by the same word form (co-lexification)
® hand vs. arm in Czech (‘ruka’)
® people vs. village in Spanish (‘pueblo’)

partial colexification — two word forms expressing two different concepts are not
identical, but share a common substring
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Example of colexification in Lexibank

colexifies ARM does not colexify -
(NS O does not cole B rissing data

colexifies LEG does not colexify missing data
D and Foot O Eeand roor @
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Example of partial colexification in Lexibank

EYE partially colexified EYE not partially =
- O e AR missing data

WATER partially WATER not partially gy missing data
D coleified in TEAR < colexified in TEAR
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search interface and data download at https://wold.clld.org/
downloaded in the UFAL file system /net/data/WOLD/
mini-dictionaries of about 1000-2000 entries

41 languages

information on the loanword status of each word (source language and source word
given for loanwords)
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https://wold.clld.org/

https://panlex.org/
a collection of thousands of translation dictionaries

5,700 languages
in total 25 M words, 1.3 G translation pairs

Crosslingual lexical resources
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WordNets

® a network (= a graph, in terms of graph theory)
® nodes — words, or rather “synsets” — sets of synonyms
(directed) edges — semantic relations, especially hyponymy and hyporonymy
® edges constitute a directed acyclic graph

® Princeton WordNet for going back to 1985 — a monolingual version (for English)

{entity}

{object, phye*:a] nh]m.l}
-

\\t

{person, individual, ...} {publication, ...}

{uummunlu:mmﬁ} {professional, .. /buz\ {])Cﬁlca\mjvmc,

{author, writer}  {hobbyist} {‘!Un"houk} {reference book }

| {serial publication,..

{publisher}

vel
{novelist} {poety {chapter} {encyclopedia, ...}

———p ISA reladonship —mm = p HASA relationship
ANT - ——p Indirect herit ance
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® wordnets exist for 200+ languages, varying size

® multilingual wordnets: collections of wordnets for individual languages, plus added
cross-lingual correspondce links: EuroWordNet, Open Multilingual WordNet,
MultiWordNet...

® instead of O(N?) language pairs, English is sometimes used as the hub language (e.g.
in EuroWordNet)

Architecture of the
EuroWordNet Data Base
Domains Oniology
e Traffic 20rderEntity
rales

Alr Read'| | Location Dynamic

I 1

/X@L !

fLLvecord
{drive}

1 I

Inter-Linguat Index

1 = Language Fndependent link

H = Eink from Langrage Specific
lo I'uter linguuad Index

I = Language Pependent Link
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a list of “universal concepts”, compiled by Morris Swadesh

gradual development from 1950's to 1970's, various changes in size
a version from 1972: 100 terms

perhaps more popular version from 1952: 207 terms

(but shorter versions exist too)

examples in English: they, eye, walk, black, water, hear, all, father, eat, bark, tree, flesh,
one, big, not

various criticism of the concept universality: e.g. Navajo does not have a standalone
word for water (drinking water distinguished from rain water), Finnish does not have a
standalone for not...
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Swadesh list, 100-word version

you

this
that
who
what
not

all
many
one
two

big
long
small
woman
man
person
fish
bird

dog
louse
tree
seed
leaf
root
bark
skin
flesh
blood
bone
grease
egg
horn
tail
feather
hair
head
ear
eye

nose
mouth
tooth
tongue
claw
foot
knee
hand
belly
neck
breasts
heart
liver
drink
eat
bite
see
hear
know
sleep

die
kill
swim
fly
walk
come
lie
it
stand
give
say
sun
moon
star
water
rain
stone
sand
earth
cloud

smoke
fire
ash
burn
path
mountain
red
green
yellow
white
black
night
hot
cold
full
new
good
round
dry
name
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Etymological resources




borrowing — the process by which a word from one language is adapted for use in
another

an extremely important factor for studying words’ origin

e.g. there are more words in Modern English that have been gradually borrowed from
French, Latin, and Greek, than words inherited from the ancestors of English

almost every etymological resource is a cross-lingual resource by its nature

sometimes connecting a living language with extinct languages

Etymological resources
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Multilingual data resources Crosslingual lexical resources

plazit se

Sample from Etymological Dictionary of Czech (J. Rejzek, 2001)

plemeno

playback z play ‘hrat’ a back ‘zpét’.
bk,
plaz, plazd, piipla-

. polati, s.fch. pliziti
se, piiti, Psl, *polziti (s¢), *pelz(a)ti
*palzti (BS) jsou asi odvozeniny od ie.
*pel-g(h) (A1) od *pel- ‘pohybovat se
(sem a tam), téci, plavat aj.’ (srov. |
slu. peljiti ‘vézt’). Vyznamové nejblize
je £ pélo “pohybuji se’, peldzomai ‘pri-
Dblizuji se’. § jinymi formanty sem asi
patii =plout, plachy. Srov. -plz,
soplzly, ploubat (se).

plazma ‘tekuta slozka krve; zakladni
hmota buitky’. V 19, st. utvofeno na
zikladé pozdnélat. plasma, ¥. pldsma
‘tvofeni, obraz, vytvor' od pldssd ‘tvo-
Fim, vymydlim’ (srov. splasticky). Pi-
vodné ve spojeni Plasmacellula, tedy
doslova ‘bunéény obraz, bundéné dilo’.

plaz, plazovy. Z fr. plage tv. z it. piaggia
Giboéd, beh’ z pozdnélat. plagia tv. a
to asi z §. plagios ‘piieny, Sikmy’. Srov.
splagi

plebejec piishiinik lidovch rstev’,
plebejsky. Pres ném. Plebejer z lat.
lebeius tv., pivodné adj. lidovy”, od
plébs id, dav, muozstvi, je7 souvi
F. plethos tv. a vazdalendji i s nasim
splny. Srov. 3plebiscit.

plebiscit ‘hlasovni lidu’. Pevzato (pii-
padné pres ném. Plebiszit) z lat. plebis-
citum “usneseni plebejského shroméz-
dénf’, eo je slozenina z plebs (gen. ple-
bis) “lid, dav’ (viz -plebejec) a scitum
‘usneseni, rozhodnutf’, oz je pivodem
pifé. trp. od sciscere ‘usnaSet se; rozho-
dovat se’.

plec ‘Gst zad nad lopatkou’, plecko.
Vsesl. - p. plece, . plecd, s./ch. plece,

Sl glsste L alele (1) e pith
Etydibgiearty sl (a8 o eihns,

s

s lot. plecs tv., stiir. leithe ‘rameno,
lopatka’ a snad i chet. paltana- ‘plec
obétniho zvifete’, vychodiskem je nej-
spis ie. *plet- ‘plochy a Siroky’ od ie.
*pel- tv. Srov. splast, plan aj.

pléd ‘velky vineny Sitek’. Z angl. plaid
tv. ze skot. plaide (srov. ir. ploid ‘pri-
kryvka, 0dév') a to od ie. *pel- ‘oblé
prikryt’, o némz viz splatno.

plédovat iz ‘primlouvat se za néco,
obhajovat’. Z fr. plaider ‘obhajovat
(u soudu)’ od stir. plaid ‘fmluva,
smlonva’ z lat. placitum ‘zasada, tifedni
vymos’ od placere 1ibit se, byt vhodné’.

plech, plisek, plechovy, plechovka, ple-
chovkovy, plechaé. Stejné jako p.
blach(a), sln. pleh picjato ze stihn.
blech t., pirvodné ‘to, co se leskne’, pi
buzné je stihn. blicken (viz blikat).

plejada ‘skupina  vyzamnych osob
(uméleit, sportoveit ap.)’. Podle sou-
hvézdi Plejidy, nesouciho jméno sedmi
deer obra Atlanta (F. Pleiades), které
byly podle £ mytologie proménény v
holubice a pak ve hvézdy.

plejboj ‘svétak, muz Zijici jen pro zi-
bavu’. Z angl. plagboy tv. z play ‘hrat’
(souvisf s ném. pfiegen ‘zabjvat se né-
Gm, opatrovat’) a boy ‘chlapec’ nejis-
tého pitvodu, Srov. playback, ~kov-
boj.

plejtvik ‘drub velryby'. Obrozenecky
vitvor (Presl) od starsiho & plitua,
plejtoa ‘ploutev’ podle viramé hibetni
plontve. Viz sploutev.

plemeno, pléms, plemenny, plemenik,
plemendisky, plemenafstvi, plemenit
(se). Vaesl. (kromé luz.) - p. plemie, .
plémja, s./ch. pleme, stsl. pleme. Psl
*pleme (gen. *plemene) se obvykle vy-
Klada 2 ‘P[ed-men- (A9), jehoz zaklad
souvi lod fedy to. e so plods'

onéfiisions meworleSp &xift
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® http://etym.org/
® information about how words in different languages are etymologically related

® in spite of the name, it contains also various pieces of information about pronunciation,
word formation, translation equivalents etc.
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Etymological wordnet — example

Lexvo.com Transliteration Contact
eng: liberation
New Query
etymological origin of eng: liberationist
etymological origin of eng: postiberation
etymologically related eng: liberal
etymologically related eng: liberate
etymologically related eng: liberator
etymology frat libération
lexical category noun
translation ces: osvobozeni
translation deu: Befreiung
translation epo: liberigo
transation fra: libération
translation hye: wqunwagnnud
transation hye: wquunnul
translation ita: liberazione
translation pol: wyzwolenie
translation spa: liberacion
translation tur: 6zgirlestirme
translation tur: iberasyon
Query
Word: ‘ liberation ‘ (case sensitive)
Language: [eng | 150 635-3 code, .. “engr for Engish)
| search

Multilingual data resourc
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Conclusions



® my selection of the presented resources — inevitably subjective
® many other families of multilingual data resources

focused on syntactic features, e.g. multilingual valency lexica
phonological lexical databases
embedding representations
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® whatever lexical phenomenon you study ..

..almost certainly you can find an online resource for it,

..and almost certainly you can find a number of similar resources for various languages
(sometimes even cross-lingually interlinked resources),

..and almost certainly these resources will hugely differ in size, quality, underlying
linguistic theory, and in many other aspects :)

Conclusions
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® there are fuzzy boundaries among various phenomena related to vocabulary (e.g.
inflection — wordformation — etymology), and hence also the resources overlap

® genuinly new data resources are developed relatively rarely nowadays

® it is much more common that new resources result from various (semi)automatic
processing making use of the already existing resources
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Task: design a scoring function that could be used for approximating lexical similarity
languages, compute pairwise similarity scores for a set of at least 10 languages, and
visualizes the scores.

You can use any scoring function that makes sense to you, fox example

® some kind of vocabulary overlap (based on actual wordforms, or lemmas, or cognates ...),

® a minimal fallback solution: overlap of letter bigrams extracted from languages’ 100 most
frequent forms

® the similarity function does not have to be symmetric (e.g. something based on KL
divergence)

As for visualization

® you can produce a dendrogram (does it resemble a phylogenetic tree), or a heatmap, or a
graph (nodes+edges) e.g. with edge thickness corresponding to the similarity score
® a minimal fallback solution: a 2D table in a spreadsheet

Write a short report (0.5 A4 page) about your findings.

Homework specification
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® Like with HW1, submission via gitlab (see the instructions for HW1 for details)

® Create directory ‘hw2' and upload (commit+push) your solution, ideally in a form of a
Python code executed from a Makefile (don't upload the data, as they should be
downloaded by the Makefile) ; upload also the short report (a PDF file)

® Deadline: see this course's main web page
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