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Universal Dependencies:
A Search for Harmonized Morphological and Syntactic Annotation

Daniel Zeman
zeman@ufal.mff.cuni.cz

http://universaldependencies.org/
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Syntactic Trees

This is a dependency tree .
this be a dependency tree .
PRON AUX DET NOUN NOUN PUNCT

PronType=Dem VerbForm=Fin PronType=Art Number=Sing Number=Sing
Mood=Ind Definite=Ind
Tense=Pres
Number=Sing
Person=3

nsubj

cop

det

compound punct

root
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Outline

1 Introduction to Universal Dependencies

2 Tricky part: core vs. oblique dependents

3 Closer to meaning: Enhanced and Deep UD
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Basic Universal Dependencies: 92 (91) Languages and Growing
I.-E.: Armenian, Ancient Greek, Greek, Albanian, Breton, Irish, Scottish,

Welsh, Afrikaans, Danish, Dutch, English, Faroese, German,
Gothic, Icelandic, Norwegian, Swedish, Swiss German, Catalan,
French, Galician, Italian, Latin, Old French, Portuguese, Romanian,
Spanish, Belarusian, Bulgarian, Church Slavonic, Croatian, Czech,
Old Russian, Polish, Russian, Serbian, Slovak, Slovenian, Ukrainian,
Upper Sorbian, Latvian, Lithuanian, Kurmanji, Persian, Hindi, Bhojpuri,

Marathi, Sanskrit, Urdu
Uralic: Erzya, Estonian, Finnish, Hungarian, Karelian, Livvi, Komi
Permyak+Zyrian, Moksha, Sámi North+Skolt
Dravidian: Tamil, Telugu; Turkic: Kazakh, Turkish, Uyghur
Af.-As.: Akkadian, Amharic, Arabic, Assyrian, Coptic, Hebrew, Maltese
Sino-Tibetan: Cantonese, Classical Chinese, Chinese; Aus.-As.: Vietnamese
Tai-Kadai: Thai; Austronesian: Indonesian, Tagalog
Other: Buryat, Japanese, Korean, Basque, Sw. Sign, Naija, Bambara,

Wolof, Yoruba, Warlpiri, Mbyá Guaraní
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Manning’s Law
The secret to understanding UD is to realize that the design is
a very subtle compromise between approximately 6 things:

1 UDmust be satisfactory on linguistic analysis grounds for
individual languages.

2 UDmust be good for linguistic typology, i.e., providing a suitable basis for bringing out
cross-linguistic parallelism across languages and language families.

3 UDmust be suitable for rapid, consistent annotation by a human annotator.
4 UDmust be easily comprehended and used by a non-linguist, whether a language learner or an

engineer with prosaic needs for language processing. … it leads us to favor traditional grammar
notions and terminology.

5 UDmust be suitable for computer parsing with high accuracy.
6 UDmust support well downstream language understanding tasks (relation extraction, reading

comprehension, machine translation, …)

It’s easy to come up with a proposal that improves UD on one of these dimensions. The interesting and
difficult part is to improve UD while remaining sensitive to all these dimensions.
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Same Thing SameWay

George killed the dragon
PROPN VERB DET NOUN

root

nsubj

obj

det

Mharaigh Seoirse an dragan
VERB PROPN DET NOUN

root

obj

nsubj det

Jorge mató a el dragón
PROPN VERB ADP DET NOUN

root

nsubj

obj

case

det

Draka zabil Jiří
NOUN VERB PROPN

root

obj nsubj
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nsubj

obj
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root

obj

nsubj det

Jorge mató a el dragón
PROPN VERB ADP DET NOUN
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nsubj

obj

case

det

Draka zabil Jiří
NOUN VERB PROPN

root
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Same Thing SameWay

George killed the dragon
PROPN VERB DET NOUN

root

nsubj

obj

det

Mharaigh Seoirse an dragan
VERB PROPN DET NOUN

root

obj

nsubj det

Jorge mató al dragón
PROPN VERB ??? NOUN

root

nsubj

obj

???

Draka zabil Jiří
NOUN VERB PROPN

root

obj nsubj
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root
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obj
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Same Meaning ̸= Same Construction!

He killed the dragon
PRON VERB DET NOUN

root

nsubj

obj

det

The dragon was killed by him
DET NOUN AUX VERB ADP PRON

root

det

nsubj:pass

aux:pass

obl:agent

case

His killing of the dragon
PRON NOUN ADP DET NOUN

root

nmod:poss

nmod

case

det

The dragon that was killed
DET NOUN PRON AUX VERB

root

det

acl:relcl

nsubj:pass

aux:pass
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He killed the dragon
PRON VERB DET NOUN

root

nsubj

obj

det

The dragon was killed by him
DET NOUN AUX VERB ADP PRON

root

det

nsubj:pass

aux:pass

obl:agent

case

His killing of the dragon
PRON NOUN ADP DET NOUN

root

nmod:poss

nmod

case

det

The dragon that was killed
DET NOUN PRON AUX VERB

root

det

acl:relcl
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Same Meaning ̸= Same Construction!

He killed the dragon
PRON VERB DET NOUN

root

nsubj

obj

det

The dragon was killed by him
DET NOUN AUX VERB ADP PRON

root

det

nsubj:pass

aux:pass

obl:agent

case

His killing of the dragon
PRON NOUN ADP DET NOUN

root

nmod:poss

nmod

case

det

The dragon that was killed
DET NOUN PRON AUX VERB

root

det

acl:relcl

nsubj:pass

aux:pass
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Language-specific Preferences

राजा िव णुशमाणम् आ य ोवाच
rājā viṣṇuśarmāṇam āhūya provāca
king Vishnusharma having-summoned said
NOUN PROPN VERB VERB

VerbForm=Conv VerbForm=Fin

nsubj

advclobj

root

the king summoned Vishnusharma and said
DET NOUN VERB PROPN CCONJ VERB

VerbForm=Fin VerbForm=Fin

det nsubj

conj

obj cc

root
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Language-specific Preferences

राजा िव णुशमाणम् आ य ोवाच
rājā viṣṇuśarmāṇam āhūya provāca
king Vishnusharma having-summoned said
NOUN PROPN VERB VERB

VerbForm=Conv VerbForm=Fin

nsubj

advclobj

root

the king summoned Vishnusharma and said
DET NOUN VERB PROPN CCONJ VERB

VerbForm=Fin VerbForm=Fin

det nsubj

conj

obj cc

root
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The dog was chased by the cat .
DET NOUN AUX VERB ADP DET NOUN PUNCT

Definite=Def Tense=Past Definite=Def

nsubj:pass

obl

punct

root

Кучето се преследваше от котката .
Kučeto se presledvaše ot kotkata .
NOUN PRON VERB ADP NOUN PUNCT

Definite=Def Tense=Past Definite=Def

nsubj:pass obl

punct
root
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The dog was chased by the cat .
DET NOUN AUX VERB ADP DET NOUN PUNCT

Definite=Def Tense=Past Definite=Def

nsubj:pass

obl

punct

root

det aux:pass

case

det

Кучето се преследваше от котката .
Kučeto se presledvaše ot kotkata .
NOUN PRON VERB ADP NOUN PUNCT

Definite=Def Tense=Past Definite=Def

nsubj:pass obl

punct
root

expl:pass case
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Dependents of Clauses (Verbal or Not)
Nominal Clausal Modifier Function

Core nsubj csubj
Non-Core obl advcl advmod aux

vocative discourse cop
dislocated mark
expl

Dependents of Verbs, Adjectives and Adverbs
Nominal Clausal Modifier

Core obj ccomp
iobj xcomp

Non-Core obl advcl advmod
expl

Dependents of Nominals
Nominal Clausal Modifier Function
nmod acl amod det
appos nummod case
clf
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Noun Phrase

Dependents of Nominals
Nominal Clausal Modifier Function
nmod acl amod det
appos nummod case
compound clf
flat

the American singer Johnny Cash , an icon of country music
DET ADJ NOUN PROPN PROPN PUNCT DET NOUN ADP NOUN NOUN

det

amod

appos

flat

flat

punct

det

nmod

case

compound
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Information Packaging

I gave her a book
PRON VERB PRON DET NOUN

nsubj

obj

iobj det

root

I gave a book to her
PRON VERB DET NOUN ADP PRON

nsubj

obl

obj

det case

root
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Information Packaging

He loaded the wagon with hay
PRON VERB DET NOUN ADP NOUN

nsubj

obj

det

obl

case

root

He loaded hay on the wagon
PRON VERB NOUN DET ADP NOUN

nsubj

obl

obj

case

det

root
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UD is NOT about Semantic Roles!

I gave her a book
PRON VERB PRON DET NOUN

ACTOR

THEME

GOAL det

root

I gave a book to her
PRON VERB DET NOUN ADP PRON

ACTOR

GOAL

THEME

det case

root

Daniel Zeman (ÚFAL MFF UK) Universal Dependencies Kaunas, 22.9.2020 19 / 58



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

UD Avoids Argument-Adjunct Distinction!

I gave her a book on Monday
PRON VERB PRON DET NOUN ADP PROPN

arg

adj

arg

arg det case

root

I gave a book to her on Monday
PRON VERB DET NOUN ADP PRON ADP PROPN

arg

adj

arg

arg

det case case

root
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So What Is Core and Why?

UD v1 guidelines took core-oblique for granted

English (simplified):
I Bare noun phrase⇒ core argument (nsubj, obj, iobj)
I Prepositional phrase⇒ oblique argument or adjunct (obl)

Other languages: not necessarily! (Spanish, Japanese)
I But some people simply took the English rule…
I Manning’s law: non-linguists!

Clash with traditional terminology
I Grammars of German, Czech etc. define prepositional objects
I But these are not necessarily core…
I Yet some people took their national definition of object…
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Language-specific Coding Strategy

Idea:
I Oblique arguments are marked similarly to adjuncts (prepositions, certain morphological

cases…)
I Core arguments are marked differently

⋆ ⇒ easy for annotators and non-linguists!

Why are core arguments special?
I They tend to be targeted by grammatical rules

⋆ Passivization
⋆ Control verbs
⋆ Reflexives
⋆ …

Daniel Zeman (ÚFAL MFF UK) Universal Dependencies Kaunas, 22.9.2020 22 / 58



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Language-specific Coding Strategy

Core vs. oblique is not defined in traditional grammar
How shall we define it?

Andrews, 2007 (In Shopen: Language Typology)
I Identify primary transitive predicates

⋆ We need semantic roles for this! (One-time only.)

I Actor/agent = function A
I Undergoer/patient = function P
I Note the way they are coded
I Note other grammatical rules that target them
I Generalize to other predicates with same coding and rules

I Then define:
⋆ function A⇒ nsubj
⋆ function P⇒ obj
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Transitive Predicates in English

John kills Mary (primary transitive)
PROPN VERB PROPN

agent patient

root

John loves Mary (generalized transitive)
PROPN VERB PROPN

A P

root
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Transitive Predicates in English

John kills Mary (primary transitive)
PROPN VERB PROPN

A P

root

John loves Mary (generalized transitive)
PROPN VERB PROPN

A P

root
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Transitive Predicates in English

John kills Mary (primary transitive)
PROPN VERB PROPN

nsubj obj

root

John loves Mary (generalized transitive)
PROPN VERB PROPN

nsubj obj

root
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English Transitive Clauses

nominal VERB nominal
Case=Nom Voice=Act Case=Acc
bare NP bare NP
pre-verb declarative clause post-verb

cross-ref on verb ← agreement

nsubj obj

root
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Czech Transitive Clauses

nominal VERB nominal
Case=Nom Voice=Act Case=Acc
bare NP bare NP
pre-verb declarative clause post-verb

cross-ref on verb ← agreement

nsubj obj

root

Daniel Zeman (ÚFAL MFF UK) Universal Dependencies Kaunas, 22.9.2020 26 / 58



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Passivization in English and Czech

Mary is killed by John
PROPN AUX VERB ADP PROPN

nsubj:pass

aux:pass

obl:agent

case

root

Mary is loved by John
PROPN AUX VERB ADP PROPN

nsubj:pass

aux:pass

obl:agent

case

root

Jiří zabil draka
Jiří killed dragon

PROPN VERB NOUN
Case=Nom Case=Acc

root

nsubj obj

Drak byl zabit Jiřím
Dragon was killed by-Jiří
NOUN AUX VERB PROPN
Case=Nom Case=Ins

nsubj:pass

aux:pass obl:agent

root
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Subject Control in English and Czech

John wants to kill Mary
PROPN VERB PART VERB PROPN

nsubj

nsubj

xcomp

mark obj

root

John wants to love Mary
PROPN VERB PART VERB PROPN

nsubj

nsubj

xcomp

mark obj

root

Jan chce zabít Marii
Jan wants to-kill Mary

PROPN VERB VERB PROPN
Case=Nom VerbForm=Fin VerbForm=Inf Case=Acc

nsubj

nsubj xcomp obj

root

Jan chce milovat Marii
Jan wants to-love Mary

PROPN VERB VERB PROPN
Case=Nom VerbForm=Fin VerbForm=Inf Case=Acc

nsubj

nsubj xcomp obj

root
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Czech: Bare Nominal in Dative/Genitive/Instrumental is Oblique

Zuzka pomohla Martinovi s úkolem
Zuzka helped Martin with homework
PROPN VERB PROPN ADP NOUN
Case=Nom Gender=Fem Case=Dat Case=Ins

nsubj

obl:arg

obl:arg case

root

Martinovi bylo pomoženo s úkolem
Martin was helped with homework
PROPN AUX ADJ ADP NOUN
Case=Dat Gender=Neut Gender=Neut Case=Ins

obl:arg

aux:pass

obl:arg

case

root
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Some Problems
Some temporal adjuncts are bare noun phrases

I I work the whole week.
I I work every Friday.

I work the whole week
PRON VERB DET ADJ NOUN
PrTy

nsubj

obl

det

amod

root

Pracuje celý týden
He-works whole week
VERB ADJ NOUN

Case=Acc

obl

amod

root

At least it cannot passivize:
I *The whole week is worked byme.
I *Every Friday is worked byme.

But…
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Some Problems
Some transitive verbs cannot passivize

I John has a new car.
⋆ *A new car is had by John.

I Friday does not suit me.
⋆ *I am not suited by Friday.

Some prepositional verbs can passivize
I You can rely on Ben.

⋆ Ben can be relied on.
I They will take care of your children.

⋆ Your children will be taken care of.

children will be taken care of

nsubj:pass

aux

aux:pass

obl

obj
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I John has a new car.
⋆ *A new car is had by John.

I Friday does not suit me.
⋆ *I am not suited by Friday.

Some prepositional verbs can passivize
I You can rely on Ben.

⋆ Ben can be relied on.
I They will take care of your children.

⋆ Your children will be taken care of.

children will be taken care of

nsubj:pass

aux

aux:pass

obl

obj
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Bare Temporal Adjuncts: Any Other Criteria?

I work the whole week.
I work every Friday.

English has a fixed word order; adjuncts are less fixed than objects (not true in Czech):
I I work every Friday in Paris.
I I work in Paris every Friday.
I I spend every Friday in Paris.
I *I spend in Paris every Friday.

Unlike objects, adjuncts cannot be replaced by pronouns (both English and Czech):
I Where do you spend this Friday? I spend it in Paris.
I Where do you work this Friday? *I work it in Paris.
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Intransitive Predicates

Just one core argument
I We already “know” how to find out if there are two

⇒ function S
I Regardless of semantic role:

⋆ John runs.
⋆ John sleeps.
⋆ John falls.

Then define:
I function S⇒ nsubj
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Ditransitive Predicates

Three core arguments, two of them objects
To distinguish them, one object is indirect: iobj
In English, iobj is closer to the verb (the recipient)

I gave her a book
PRON VERB PRON DET NOUN

nsubj

obj

iobj det

root
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Oblique Dative: Recipient vs. Beneficiary

Petr četl Katce knihu
Petr read to-Katka book

PROPN VERB PROPN NOUN
Case=Nom Case=Dat Case=Acc

nsubj

obj

obl:arg

root

Petr zlomil Katce nohu
Petr broke Katka’s leg

PROPN VERB PROPN NOUN
Case=Nom Case=Dat Case=Acc

nsubj

obj

obl:arg

root
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Multiple Layers of Dependencies

Form

Surface syntax

Deep syntax

Semantics

Meaning
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Enhanced Universal Dependencies

Currently available (at least partially) for 17 languages:
Arabic, Bulgarian, Czech, Dutch, English, Estonian, Finnish, French,
Italian, Latvian, Lithuanian, Polish, Russian, Slovak, Swedish, Tamil,
Ukrainian
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Enhanced UD: Case Information in Dependency Label

Kate goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:to

case

Katka jede na Floridu .
Case=Acc

Katka goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:na:acc

case
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Enhanced UD: Case Information in Dependency Label

Kate goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:to

case

Katka jede na Floridu .
Case=Acc

Katka goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:na:acc

case
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Enhanced UD: Case Information in Dependency Label

Kate goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:to

case

Katka jede na Floridu .
Case=Acc

Katka goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:na:acc

case

凯特 住 在 佛罗⾥达 。
Kǎitè zhù zài fóluólǐdá .
Kate lives in Florida .

nsubj

punct

obl

case

nsubj

punct

obl:在
case
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Enhanced UD: Case Information in Dependency Label

Kate goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:to

case

Katka jede na Floridu .
Case=Acc

Katka goes to Florida .

nsubj

punct

obl

case

nsubj

punct

obl:na:acc

case

Katriina menee Floridaan .
Case=Ill

Katriina goes to-Florida .

nsubj

punct

obl

nsubj

punct

obl:ill
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Enhanced UD: Shared Dependent of Coordination

sweet apples and oranges

amod

conj

cc

amod

conj

cc

amod

?
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Enhanced UD: Parent of Coordination

Jane eats apples and oranges

nsubj obj

conj

cc

nsubj obj

conj

cc

obj
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Enhanced UD: External Subject of Controlled Predicate

Kate wants to go to Florida

nsubj

xcomp

mark

obl

case

nsubj

nsubj

xcomp

mark

obl:to

case
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Enhanced UD: External Subject in Object-Control Construction

Kate made me go to Florida

nsubj

xcomp

obj

obl

case

nsubj

xcomp

obj nsubj

obl:to

case
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Enhanced UD: Relative Clauses

A gdzie szukać szamponu , który myje ?
And where to-look for-shampoo , that washes ?

cc

advmod

punct

obj

acl:relcl

punct

nsubj

cc

advmod

punct

obj

acl:relcl

nsubj

punct

ref

“And where to look for shampoo that works?”
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Enhanced UD: Gapping and Stripping

Kate goes to Florida and Jane (goes) to Europe

conj

nsubj

obl

case cc

orphan

case

conj

nsubj

obl:to

case

cc

nsubj

obl:to

case
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Enhanced UD: Gapping + Control Verb Construction

Kate wants to go to Florida and Jane (wants) (go) to Europe

conj

nsubj

xcomp

mark

obl

case cc

orphan

case

conj

nsubj nsubj

nsubj

xcomp

mark

obl:to

case

cc

nsubj xcomp

obl:to

case
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Enhanced UD: Five (Six) Enhancements

Null nodes for gapping (20 treebanks in UD 2.6)
Dependency propagation in coordination

I Common parent of coordination (24 treebanks)
I Shared dependents of coordination (22 treebanks)

External subjects of controlled predicates (18 treebanks)
Cyclic dependencies to/from relative clauses (16 treebanks)
Case-enhanced dependency labels (19 treebanks)

All 5 types: 11 treebanks, 6 languages
At least 1 type: 26 treebanks, 16 languages
Only basic UD: 137 treebanks
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IWPT 2020 Shared Task in Parsing EUD

https://universaldependencies.org/iwpt20/
Co-organized with Djamé Seddah and Gosse Bouma

End-to-end from raw text to EUD
Data in 17 languages (UD 2.5 + French)

Baseline: UDPipe + Stanford Enhancer… 61.1%
Winner: TurkuNLP (compress graph into tree)… 84.5%
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Towards “Deep” Universal Dependencies

joint work with
Kira Droganova
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Our “Enhanced Plus”

Enhanced UD help us identify more predicate-argument relations
But some patterns are still not handled…

Adverbial infinitives
I They will meet to discuss a contract.
I But not ccomp infinitives: He recommended to replace the tyres.

Adverbial converbs (gerunds)
I Terrorists detonated a bomb killing five people.

Attributive participles
I The shares reflected on your statement.
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Our “Enhanced Plus”

Enhanced UD help us identify more predicate-argument relations
But some patterns are still not handled…

Adverbial infinitives
I They will meet to discuss a contract.
I But not ccomp infinitives: He recommended to replace the tyres.

Adverbial converbs (gerunds)
I Terrorists detonated a bomb killing five people.

Attributive participles
I The shares reflected on your statement.
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Our “Enhanced Plus”

Enhanced UD help us identify more predicate-argument relations
But some patterns are still not handled…

Adverbial infinitives
I They will meet to discuss a contract.
I But not ccomp infinitives: He recommended to replace the tyres.

Adverbial converbs (gerunds)
I Terrorists detonated a bomb killing five people.

Attributive participles
I The shares reflected on your statement.
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External Subject of Adverbial Infinitive

They will meet to discuss a contract .

nsubj

aux

punct

advcl

mark

obj

det

nsubj

aux

punct

advcl:to

mark

obj

det

nsubj
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External Subject of Adverbial Gerund

Terrorists detonated a bomb killing five people .

nsubj

punct

advcl

obj

det

obj

nummod

nsubj

punct

advcl

obj

det

obj

nummod

nsubj
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External Subject of Participle

the shares reflected on your statement

det acl

obl

case

nmod:poss

det acl

obl:on

case

nmod:poss

nsubj:pass
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Possible Addition: Control by Light-Verb Constructions
We do not do this yet:

Výrobky mají šanci uspět v zahraničí .
products have chance to-succeed in abroad .

nsubj

punct

obj

obl

acl case

nsubj

punct

obj

obl:v:loc

acl case

nsubj

“The products have a chance to succeed abroad.”
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Deep UD: Normalization of Syntactic Alternations

He killed the dragon
ARG1 ARG2

root

nsubj

obj

det

The dragon was killed by him
ARG2 ARG1

root

det

nsubj:pass

aux:pass

obl:agent

case

She made him kill the dragon
ARG1 ARG2

root

nsubj

xcomp

obj

obj

det

The dragon that was killed
ARG2

root

det

acl:relcl

nsubj:pass

aux:pass
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Numbered Arguments
Degree of salience of arguments derived from surface syntax:

I Subject of active clause⇒ ARG1
I Direct object of active clause⇒ ARG2
I Indirect object of active clause⇒ ARG3

I Subject of passive clause⇒ ARG2
I etc…

Numbers can bemapped to semantic roles if we have a valency dictionary
Like in PropBank… SOMEWHAT!

Deep UD PropBank
John broke the window. John.ARG1window.ARG2 John.ARG0window.ARG1
The windowwas broken by John. John.ARG1window.ARG2 John.ARG0window.ARG1
The window broke. window.ARG1 window.ARG1
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Numbers can bemapped to semantic roles if we have a valency dictionary
Like in PropBank… SOMEWHAT!
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Predicate Identfiers

They could be sense/frame identifiers
But nowwe just take lemmas

Exception:
I Germanic phrasal verbs: come_up
I Inherently reflexive verbs: [cs] smát_se “laugh”
I Other compound verbs (incl. light & serial verb constructions)
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Summary

Deep UD is closer to meaning⇒ easier to discoverwho did what to whom

Deep UD 2.6 (http://hdl.handle.net/11234/1-3242)
140 treebanks of 82 languages
Enhanced graphs in all treebanks
(Enhanced Plus: infinitives, gerunds, participles)
Normalized active-passive

Can be regenerated after each UD release (every 6 months)
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Thanks!
Ačiū!
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