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Computational Linguistics

Multilingual:
• not just for English
• not just for resource-rich European languages (English, Czech, …)

• ideally all languages (up to 7000?)
• including

• endangered
• unwritten
• very different from Indo-European

• focus on
• Morphology
• Syntax
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Morphology: Explaining Word Forms

English
do, does, did, done, doing

Czech
dělat, dělati, dělám, děláš, dělá, děláme, děláte, dělají, dělej, dělejme, dělejte, dělal, dělala, dělalo,
dělali, dělaly, dělaje, dělajíc, dělajíce, dělán, dělána, děláno, děláni, dělány

Finnish
tehdä, tee, teemme, teen, teenkin, teenkö, teet, teette, tehden, tehdessä, tehdessään, tehdyillä, tehdyissä, tehdyistä, tehdylle, tehdyllä, tehdyn, tehdyssä,
tehdystä, tehdyt, tehdään, tehkää, tehkäämme, tehköön, tehkööt, tehnee, tehneen, tehneensä, tehneet, tehneille, tehnemme, tehnen, tehnet, tehnette,
tehnevät, tehny, tehnyt, tehnytkin, tehtiin, tehtiinkin, tehty, tehtyjen, tehtyjä, tehtynä, tehtyyn, tehtyä, tehtyäni, tehtyään, tehtäessä, tehtäisi, tehtäisiin,
tehtäkö, tehtäköön, tehtämän, tehtäne, tehtäneen, tehtävien, tehtäviin, tehtäville, tehtävistä, tehtäviä, tehtävä, tehtävän, teimme, tein, teinkin, teinpä, teit,
teitte, tekee, tekeekin, tekeekö, tekemiensä, tekemiin, tekeminen, tekemistä, tekemiä, tekemiäni, tekemiään, tekemä, tekemäisilläni, tekemällä, tekemän,
tekemäni, tekemänsä, tekemässä, tekemästä, tekemästään, tekemät, tekemättä, tekemää, tekemään, tekemäänsä, tekevien, tekeville, tekevä, tekeväni, tekevät,
tekevää, tekevään, teki, tekikin, tekis, tekisi, tekisimme, tekisin, tekisit, tekisitte, tekisivät, tekivät, tekivätkö
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Morphology: Explaining Word Forms

word form: dělám “I do”
lemma: dělat “do”
word category
(part of speech): VERB
features: indicative mood

present tense
active voice
first person singular

word form: teen “I do”
lemma: tehdä “do”
word category
(part of speech): VERB
features: indicative mood

present tense
active voice
first person singular
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Syntax: Relations between Words

the dog chased the cat from the room

det nsubj

obl

obj

det

case

det

root

pes hnal kočku z místnosti

nsubj

obl

obj case

root

koira jahtasi kissan huoneesta

nsubj

obl

obj

root
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What Is It Good For?

• Downstream language understanding technology

• Linguistic research

Manual data

Raw data

Train parser Model

Parse Who did what Output

• More broadly: digital humanities (contrastive linguistics, typology, literary studies,
cultural heritage, works in classical languages)

5



What Is It Good For?

• Downstream language understanding technology
• Linguistic research

Manual data Query Examples

Raw data

Train parser Model

Parse

Query

Who did what Output

• More broadly: digital humanities (contrastive linguistics, typology, literary studies,
cultural heritage, works in classical languages)
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Parsing

Total graph + edge scores → maximum spanning tree

𝐺 = ⟨𝑉 , 𝐸⟩ = ROOT

John

saw

Mary

9

10 9

3

11

30

20

30

0
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𝐴∗ = argmax
𝐴⊆𝐺

𝐴 is tree

∑
𝑒∈𝐴

𝑠𝑐𝑜𝑟𝑒(𝑒)



Parsing Low-Resource Languages

• Machine learning:
• Manual annotation needed to train a parser

• Thousands of sentences – hard and expensive

• Available for a few “lucky” languages
• But there are thousands of languages – what about the less lucky ones?

Daniel Zeman, Philip Resnik (2008): Cross-Language Parser Adaptation between Related Languages. In:
IJCNLP 2008 Workshop on NLP for Less Privileged Languages, pp. 35-42, Hyderabad, India 265 cit.
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Delexicalized Parsing

Moje dcera včera ochutnala jahodovou zmrzlinu

Моя дочка вчора куштувала полуничне морозиво

DET NOUN ADV VERB ADJ NOUN
Case=Nom Case=Nom Case=Acc Case=Acc

My daughter yesterday tasted strawberry ice cream

attribute

subject

advmod

object

attribute

root
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Delexicalized Parsing

Moje dcera včera ochutnala jahodovou zmrzlinu
Moja dcéra včera ochutnala jahodovú zmrzlinu
Моя дочка вчора куштувала полуничне морозиво
Moja dočka včora kuštuvala polunyčne morozyvo
DET NOUN ADV VERB ADJ NOUN

Case=Nom Case=Nom Case=Acc Case=Acc
My daughter yesterday tasted strawberry ice cream

attribute

subject

advmod

object

attribute

root
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Delexicalized Parsing

tento sortiment také tvoří hlavní část
jejíž část zatím nemá hlasovací právo

a direcção já mostrou boa vontade
all offices also have free copies
任何 議員 未曾 作 最後 宣誓
DET NOUN ADV VERB ADJ NOUN

Case=Nom Case=Nom Case=Acc Case=Acc

attribute

subject

advmod

object

attribute

root
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Delexicalized Parsing

DET NOUN ADV VERB ADJ NOUN
Case=Nom Case=Nom Case=Acc Case=Acc

attribute

subject

advmod

object
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root
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Evaluation: Does It Work?

• Manually annotated test data needed
⇒ Simulate on languages for which we have test data

• Train parser on Czech
(large training data available)

• Evaluate on Slovak
(some test data available)

• If OK, assume it also works for Lower Sorbian
(no data available)

11

𝑡𝑟𝑢𝑒𝑝𝑜𝑠 … correctly
identified dependencies

𝑃 = 𝑡𝑟𝑢𝑒𝑝𝑜𝑠
𝑡𝑟𝑢𝑒𝑝𝑜𝑠 + 𝑓𝑎𝑙𝑠𝑒𝑝𝑜𝑠

𝑅 = 𝑡𝑟𝑢𝑒𝑝𝑜𝑠
𝑡𝑟𝑢𝑒𝑝𝑜𝑠 + 𝑓𝑎𝑙𝑠𝑒𝑛𝑒𝑔

𝐿𝐴𝑆 = 𝐹1 = 2 × 𝑃 × 𝑅
𝑃 + 𝑅
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Evaluation

PROBLEM:
The annotations must be compatible across languages!
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Morphology Example: SynTagRus Tags vs. PDT Tags

SynTagRus annotation PDT annotation Meaning
S ЕД МУЖ ИМ NNMS1-----A---- noun masculine singular nominative
S МН РОД ОД PSXXXXP3------- pronoun possessive plural 3rd person
A МН ИМ AAXP1----1A---- adjective positive plural nominative
NUM ВИН ClXX4---------- numeral cardinal accusative
V НЕСОВ ИЗЪЯВ… VB-P---3P-AA--- verb imperfective present indicative …
… НЕПРОШ МН 3-Л … 3rd person plural
ADV СРАВ Dg-------2A---- adverb comparative
PR RR--6---------- preposition
CONJ J^------------- coordinating conjunction
PART TT------------- particle
INTJ II------------- interjection

Daniel Zeman (2008): Reusable Tagset Conversion Using Tagset Drivers. In: Proceedings of LREC,
pp. 213–218, ELRA, Marrakech, Morocco 234 cit.
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Tagset Drivers

• A module with the following functions:
• decode() … converts a tag to Interset
• encode() … generates a tag from Interset
• list() … lists known tags in the tagset (optional)
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Interset
pos noun adj num verb adv adp conj part int punc sym

nountype com prop class
nametype geo prs giv sur nat com pro oth col sci che med tec cel gov jus fin env cul spo hob
adjtype pdt

prontype prn prs rcp art int rel exc dem emp neg ind tot
numtype card ord mult frac sets dist range
numform word digit roman combi
verbtype aux cop mod light
advtype man loc tim sta deg cau mod adadj ex

adpostype prep post circ voc
conjtype coor sub comp oper
parttype mod emp res inf vbp
punctype peri qest excl quot brck comm colo semi dash root
puncside ini fin

poss yes
reflex yes

foreign yes
abbr yes
hyph yes
typo yes
echo rdp ech

polarity pos neg
definite ind spec def cons com
gender masc fem com neut

animacy anim hum nhum inan
number sing dual tri pauc grpa plur grpl inv ptan coll count

case nom gen dat acc voc loc ins abl del par dis ess tra com abe ine ela ill ade all sub sup lat per add tem ter abs erg cau ben cns equ cmp
prepcase npr pre
degree pos cmp sup abs equ dim aug
person 0 1 2 3 4

clusivity in ex
polite infm form elev humb

possgender masc fem com neut
possperson 1 2 3
possnumber sing dual plur

possednumber sing dual plur
absperson 1 2 3
ergperson 1 2 3
datperson 1 2 3
absnumber sing dual plur
ergnumber sing dual plur
datnumber sing dual plur
abspolite infm form elev humb
ergpolite infm form elev humb
datpolite infm form elev humb
erggender masc fem com neut
datgender masc fem com neut
position prenom postnom nom free
subcat intr tran

verbform fin inf sup part conv vnoun ger gdv
mood ind imp cnd pot sub jus prp opt des nec qot adm
tense pres fut past aor imp pqp
voice act mid pass rcp cau int antip dir inv

evident fh nfh
aspect imp perf prosp prog hab iter

strength weak strong
variant short long 0 1 2 3 4 5 6 7 8 9 a b c
style arch rare form poet norm coll vrnc slng expr derg vulg

tagset any
other any 15
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Interset
pos noun adj num verb adv adp conj part int punc sym
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voice act mid pass rcp cau int antip dir inv
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variant short long 0 1 2 3 4 5 6 7 8 9 a b c
style arch rare form poet norm coll vrnc slng expr derg vulg
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other any 15

gender masc fem com neut
Spanish
Czech
English
Swedish
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Syntax: Stanford vs. Prague Dependencies

the American singer Johnny Cash , an icon of country music

det

amod

appos

flat

flat

punct

det

nmod

case

compound

???

AuxA

Atr

Atr

Atr ???_M

???_M

AuxA AuxP

Atr

Atr

Apos

• Change relation labels
• Bottom-up tree transformations

Daniel Zeman, Ondřej Dušek, David Mareček, Martin Popel, Loganathan Ramasamy, Jan Štěpánek, Zdeněk
Žabokrtský, Jan Hajič (2014): HamleDT: Harmonized Multi-Language Dependency Treebank. In: Language
Resources and Evaluation, ISSN 1574-020X, vol. 48, no. 4, pp. 601–637 88 cit.
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Universal Dependencies
• Joined our (Prague) forces with similar efforts at Stanford, Google, and Uppsala
• Defined universally-applicable annotation standard

• Morphology from Interset
• Syntax adapted from “Stanford Dependencies”

• Converted existing datasets to UD

• Collecting new datasets for new languages
• Building infrastructure to lower the entry barrier for new data contributors

• Organizing shared tasks (evaluation campaigns for parsers)

Marie-Catherine de Marneffe, Christopher Manning Joakim Nivre, Daniel Zeman (2021): Universal
Dependencies. In: Computational Linguistics, vol. 47, no. 2, pp. 255–308 610 cit. WoS Q1

Joakim Nivre, Marie-Catherine de Marneffe, Filip Ginter, … Daniel Zeman (2016): Universal Dependencies
v1: A Multilingual Treebank Collection. In: Proceedings of LREC, pp. 1659–1666 1694 cit.
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17



Universal Dependencies
• Joined our (Prague) forces with similar efforts at Stanford, Google, and Uppsala
• Defined universally-applicable annotation standard

• Morphology from Interset
• Syntax adapted from “Stanford Dependencies”

• Converted existing datasets to UD

• Collecting new datasets for new languages
• Building infrastructure to lower the entry barrier for new data contributors

• Organizing shared tasks (evaluation campaigns for parsers)

Marie-Catherine de Marneffe, Christopher Manning Joakim Nivre, Daniel Zeman (2021): Universal
Dependencies. In: Computational Linguistics, vol. 47, no. 2, pp. 255–308 610 cit. WoS Q1

Daniel Zeman, Jan Hajič, Martin Popel, … Slav Petrov (2018): CoNLL 2018 Shared Task: Multilingual
Parsing from Raw Text to Universal Dependencies. In: Proceedings of CoNLL. pp. 1–21 671 cit.
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The UD Repository

UD v2.14:
• 31 language families
• 161 languages
• 283 treebanks
• 616 contributors
• 1.9 million sentences
• 32 million words
• 200 thousand

downloads
(all versions)
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Use in Digital Humanities
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Linguists Can Parse and Search New Data
https://lindat.mff.cuni.cz/services/udpipe/
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Historical Linguistics, Classical Languages

• Old Turkish
• Classical Chinese
• Sanskrit
• Akkadian
• Ancient Hebrew
• Coptic
• Ancient Greek
• Latin
• Old French
• Old Irish
• Gothic
• Old Church Slavonic
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Documentation of Endangered Languages

23



Linguistic Typology

Marie-Catherine de Marneffe, Joakim Nivre, Daniel Zeman (2024): Function Words in Universal
Dependencies. In: Linguistic Analysis, vol. 43, no. 3–4, pp. 549–588
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What’s Next?



Subword Relations: Agglutinative Languages

çöp lük ler imiz de ki ler den mi y di
garbage can Plur our in Nmnlzr Plur from Qstion be Past
NOUN NOUN PART PART ADP PART PART ADP PART AUX AUX

compound

deriv

case

nmod

infl

aux

cop

advmod

case

infl

“was it from those that were in our garbage cans?”
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Universal Semantics?

Kira Droganova

Universal Semantic Roles

Federica Gamba
Uniform Meaning Representation
for Latin

Dima Taji

Coreference in Deep UD

Minoo Nassajian
Uniform Meaning Representation
for Persian

Diego Alves (defended 2023)
Computational Typological Analysis
of Syntactic Structures
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Parsing Accuracy (for Discussion)

Dan Kondratyuk, Milan Straka (2019): 75 Languages, 1 Model: Parsing Universal Dependencies Universally.
In: Proceedings of EMNLP, Hong Kong
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