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Universal Dependencies

- Framework for morphosyntactic annotation
* Designed to promote cross-linguistic consistency

- UD v2.11:243 treebanks, |38 languages, 29 families

Joakim Nivre, Marie-Catherine de Marneffe, Filip Ginter,Yoav Goldberg, Jan HajiC, Christopher D.
Manning, Ryan McDonald, Slav Petrov, Sampo Pyysalo, Natalia Silveira, Reut Tsarfaty, Daniel Zeman.
2016. Universal Dependencies vI:A Multilingual Treebank Collection. In Proceedings of LREC.

Joakim Nivre, Marie-Catherine de Marneffe, Filip Ginter, Jan HajiC, Christopher Manning, Sampo
Pyysalo, Sebastian Schuster, Francis Tyers, Daniel Zeman. 2020. Universal Dependencies v2:An
Evergrowing Multilingual Treebank Collection. In Proceedings LREC, 4034—4043

Marie-Catherine de Marneffe, Christopher Manning, Joakim Nivre, Daniel Zeman (2021): Universal
Dependencies. Computational Linguistics, 47(2): 255-308.



Universal Dependencies

» UD representations are word-based — but nucleus-aware

 UD prioritizes direct relations between content words

 UD treats function words as grammatical markers
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Syntactic Nuclei in UD

* Content word = lexical core of a nucleus
* Function word = non-lexical part of dissociated nucleus

* Nucleus = subtree containing only functional relations
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Functional Relations

* Determiner (det)

+ Case marker (case) Nominals

- Classifier (clf)

» Auxiliary (aux)
+ Copula (cop) Predicates
* Subordination marker (mark)

» Coordinating conjunction (cc) — Tesniere’s junction



From UD to Parsing

- How can we use our nuclei with standard parsers?

» Evaluation: Content Labeled Attachment Score (CLAS)

- Composition: Parser-internal representations of nuclei
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Transition-Based Parsing

Kim | had tea

I'*=T:argmaxS(D)=>T
D

* Dependency trees = derivations in a transition system

* Learn model M to score derivations by transitions

* Find highest scoring derivation D under the model M
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Adding Nuclei

Kim | has+made

tea

Subtrees are represented by their root
Old model: root word

New model: root nucleus

Alternative |: new transition for nucleus creation
Alternative 2: nucleus composition at arc creation

Possible thanks to incremental history-based parsing
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Nucleus Composition

* Nucleus representation: f(/, d, [) h = head
d = dependent

[ = label

» Baseline model: fh,d, )= h

* Nucleus composition model:

+ f/leF
fihd,p= § NTERED T =
h otherwise

o(h,d, )= c(W(h o d o [)+ b)



Data Sets

Language Treebank Family Genus Size | aux case cc clf cop det mark | Func
Arabic PADT Afro-Asiatic Semitic 242K 1 0.60 14.29 5.11 0.00 0.16 0.76 2.71|23.63
Armenian ArmTDP Indo-European Armenian 52K | 5.04 3.03 4.10 0.00 2.01 346 1.6719.30
Basque BDT Basque Basque 121K | 854 156 3.85 0.00 2.02 250 0.18 | 18.65
Chinese GSD Sino-Tibetan =~ Chinese 121K |1.83 631 142 1.82 145 135 5.75|19.93
Finnish TDT Uralic-Finnic ~ Finnish 202K |3.26 148 4.13 0.00 272 172 1.95|15.27
Greek GDT Indo-European Greek 62K | 3.81 847 3.19 0.00 094 19.12 1.83|37.37
Hebrew HTB Afro-Asiatic Semitic 116K | 0.45 16.26 293 0.00 0.69 11.55 3.32|35.19
Hindi HDTB Indo-European Indic 352K | 6.41 19.27 1.87 0.00 1.00 205 4.11|34.70
Indonesian GSD Austronesian  Malayo-Sumbawan 121K |0.00 9.87 296 0.00 0.87 3.71 1.31|18.72
Irish IDT Indo-European Celtic 116K | 0.00 1344 3.14 0.00 1.32 815 5.79|31.84
Italian ISDT Indo-European Romance 278K |2.77 14.01 273 0.00 1.15 16.30 2.11 | 39.08
Japanese GSD Japanese Japanese 194K | 8.90 2134 042 0.00 1.26 049 4.06 |36.47
Korean GSD Korean Korean 80K |0.08 2.03 028 0.00 0.13 3.83 046| 6.81
Latvian LVTB Indo-European Baltic 252K |1.26 4.68 401 0.00 1.39 263 1.91|15.87
Persian PerDT Indo-European Iranian 494K | 2.73 14.17 424 0.00 1.27 2.05 239 |26.85
Russian Taiga Indo-European Slavic 197K | 0.30 8.56 4.12 0.00 041 249 1.63|17.51
Swedish Talbanken Indo-European Germanic 97K | 2.65 10.02 3.70 0.00 1.77 5.08 4.01 |27.23
Turkish Kenet Turkic Southwestern 179K | 049 211 1.68 0.01 0.00 433 035| 897
Vietnamese VTB Austro-Asiatic  Viet-Muong 44K | 1.34 535 380 0.00 095 3.60 0.49 |15.52
Wolof WTB Niger-Congo  Northern-Atlantic = 43K |7.46 546 3.09 0.00 136 7.09 4.1428.59
Average 168K | 290 9.08 3.04 0.09 1.14 5.11 2.51|23.88
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Korean GSD Korean Korean 80K |0.08 2.03 028 0.00 0.13 3.83 046| 6.81
Latvian LVTB Indo-European Baltic 252K |1.26 4.68 401 0.00 1.39 263 1.91|15.87
Persian PerDT Indo-European Iranian 494K | 2.73 14.17 424 0.00 1.27 2.05 239 |26.85
Russian Taiga Indo-European Slavic 197K | 0.30 8.56 4.12 0.00 041 249 1.63|17.51
Swedish Talbanken Indo-European Germanic 97K | 2.65 10.02 3.70 0.00 1.77 5.08 4.01 |27.23
Turkish Kenet Turkic Southwestern 179K | 049 211 1.68 0.01 0.00 433 035| 897
Vietnamese VTB Austro-Asiatic  Viet-Muong 44K | 1.34 535 380 0.00 095 3.60 0.49 |15.52
Wolof WTB Niger-Congo  Northern-Atlantic = 43K |7.46 546 3.09 0.00 136 7.09 4.1428.59
Average 168K | 290 9.08 3.04 0.09 1.14 5.11 2.51|23.88




Data Sets

Language Treebank Family Genus Size | aux case cc clf cop det mark | Func
Arabic PADT Afro-Asiatic Semitic 242K 1 0.60 14.29 5.11 0.00 0.16 0.76 2.71|23.63
Armenian ArmTDP Indo-European Armenian 52K | 5.04 3.03 4.10 0.00 2.01 346 1.6719.30
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Italian ISDT Indo-European Romance 278K |2.77 14.01 273 0.00 1.15 16.30 2.11 | 39.08
Japanese GSD Japanese Japanese 194K | 8.90 2134 042 0.00 1.26 | 0.49 | 4.06 | 36.47
Korean GSD Korean Korean 80K |0.08 2.03 028 0.00 0.13 3.83 046| 6.81
Latvian LVTB Indo-European Baltic 252K |1.26 4.68 401 0.00 1.39 263 1.91|15.87
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Swedish Talbanken Indo-European Germanic 97K | 2.65 10.02 3.70 0.00 1.77 5.08 4.01 |27.23
Turkish Kenet Turkic Southwestern 179K | 049 211 1.68 0.01 0.00 433 035| 897
Vietnamese VTB Austro-Asiatic  Viet-Muong 44K | 1.34 535 380 0.00 095 3.60 0.49 |15.52
Wolof WTB Niger-Congo  Northern-Atlantic = 43K |7.46 546 3.09 0.00 136 7.09 4.1428.59
Average 168K | 290 9.08 3.04 0.09 1.14 5.11 2.51|23.88
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Analysis

Why does composition give such modest improvements!?
Which linguistic relations benefit the most!?
Why is composition more effective in certain languages?

What information is captured in composition!?



No BiLSTM

Ablation

Results without BiILSTM encoder
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Cross-Linguistic Variation

 Can we predict improvement rates across languages?

* Linear-mixed effects models of CLAS improvement



Cross-Linguistic Variation

 Can we predict improvement rates across languages?

* Linear-mixed effects models of CLAS improvement

Standard Model

Predictors Estimates CI p
(Intercept) 0.65 0.56-0.76  <0.001
det frequency 0.59 0.20 - 0.98 0.003
cc rel entropy 0.77 0.27 -1.26 0.003
cc POS entropy 0.79 0.30-1.28 0.002
Random Effects

o2 0.17

T00 language 0.01

ICC 0.07

Nlanguage 20

Observations 100

Marginal R? /Conditional R? 0.266/0.315




Cross-Linguistic Variation

 Can we predict improvement rates across languages?

* Linear-mixed effects models of CLAS improvement

Standard Model

Model without BILSTM

Predictors Estimates CI p
(Intercept) 0.65 0.56-0.76  <0.001
det frequency 0.59 0.20 - 0.98 0.003
cc rel entropy 0.77 0.27 -1.26 0.003
cc POS entropy 0.79 0.30-1.28 0.002
Random Effects

o2 0.17

T00 language 0.01

ICC 0.07

Nlanguage 20

Observations 100

Marginal R? /Conditional R? 0.266/0.315

Predictors Estimates CI p
(Intercept) 9.99 9.31-10.66 <0.001
det frequency 6.06 3.28-8.84  <0.001
cop frequency 4.25 1.98-6.52  <0.001
aux frequency 3.83 1.49-6.17 0.002
case dep length 1.63 -0.34 - 3.60 0.104
case frequency 14.04 11.66 -16.42  <0.001
Random Effects

o2 0.27

T00 language 2.28

ICC 0.89

Nlanguage 20

Observations 100

Marginal R? /Conditional R? 0.900/0.989




Visualising Composition

- Diagnostic classifiers to predict categories and relations

» Dimensionality reduction and visualisation

Composition Vectors Parent Vectors Composition+Parent Vectors
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Conclusion

» Syntactic nuclei as elementary syntactic units increase
cross-language similarity

» Syntactic nuclei can be (roughly) defined in the Universal
Dependencies framework

- Syntactic nuclei can be represented in a transition-based
parser using nucleus composition



Conclusion

Small but consistent improvements for most languages —
largely redundant together with contextual encoders

Improved accuracy for main predicates, clausal
dependents, nominal dependents, and coordination

Significant factors explaining rate of improvement are
entropy in coordination and frequency of function words

Nucleus composition appears to increase similarity of
vectors representing nuclei of the same syntactic type



