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Pateicibas

Velos pateikties visiem, kas mani ir atbalstijusi, iedvesmojusi un
konsultéjusi $1 darba gaita, bez jums Sis noteikti nebiitu novests lidz galam.
Vélos pateikties gimenei un draugiem par neizsiksto$o pacietibu un
atbalstu. Velos pateikties kolégiem par iedvesmu un zinasanam. Vélos
pateikties Normundam, kur$ manam darbam ticéja ar1 tad, kad es neticéju.
Vélos pateikties Baibai un Madarai par darba lasamibu. Velos pateikties
Ingum par sveSvalodam un matematiku. Velos pateikties Janim par
milestibu un garsigajam pusdienam.

St darba izstrade tika sakta ar Eiropas Sociala fonda atbalstu projekta
“Atbalsts doktora studijam Latvijas Universitate”
(2009/0138/1DP/1.1.2.1.2/09/1P1A/VIAA/004). Turpmakie
fundamentalie pétijjumi tika finanséti Valsts pétjjumu programmu
“Nacionala identitate (valoda, Latvijas vésture, kultiira un cilvékdrosiba)
Nr.3” un “Humanitaro zinatpu digitalie resursi” (VPP-IZM-DH-2020/1-
0001) ietvaros. Savukart ripnieciskie pétijumi (sadarbiba ar zinu agentiiru
LETA) tika veikti Eiropas Regionala attistibas fonda projektos: Informacijas
un komunikaciju tehnologiju kompetences centra pétijuma Nr. 2.7 “Teksta
automatiskas datorlingvistiskas analizes pétijums jauna informacijas arhiva
produkta izstrade” (KC/2.1.2.1.1/10/02/001) un praktiskas ievirzes
pétijumu projekta “Daudzslanu valodas resursu kopa teksta semantiskai
analizei un sintézei latvieSu valoda” (1.1.1.1/16/A/219). Pétijumu virziens
tiek turpinats Valsts pétljumu programmas “Letonika latviskas un
eiropeiskas sabiedribas attistibai” projekta “Misdienu latvieSu valodas
izpéte un valodas tehnologiju attistiba” (VPP-LETONIKA-2021/1-0006).
Darba izstrade pabeigta ar Eiropas Sociala fonda atbalstu projekta “LU
doktorantiiras kapacitates stiprinasana jauna doktorantiiras modela
ietvara” (8.2.2.0/20/1/006).



Anotacija

Promocijas darbs veltits hibrida latvieSu valodas gramatikas modela
izstradei un transformesSanai uz Universalo atkaribu (Universal
Dependencies, UD) modeli. Promocijas darba ir aizsakts jauns latviesu
valodas izpétes virziens - sintaktiski marketos tekstos balstiti pétijumi.
Darba rezultata ir izstradats un aprobéts fundamentals, latvieSu valodai
ieprieks nebijis valodas resurss - masinlasams sintaktiski markéets korpuss
17 tukstoSu teikumu apmera. Teikumi ir marketi atbilstosi diviem dazadiem
sintaktiskas markéSanas modeliem - darba raditajam frazu struktiru un
atkaribu gramatikas hibridam un starptautiski aprobétajam UD modelim.
Izveidotais valodas resurss publiski pieejams gan lejupladei, gan tieSsaistes
meklésanai abos iepriek$s minétajos markéjuma veidos.

Pétljuma laikd radita riku kopa un latviesu valodas sintaktiski
marketa korpusa veidoSanai vajadziga infrastruktiira. Taja skaita tika
definéti plasam valodas parklajumam nepiecieSamie LU MII eksperimentala
hibrida gramatikas modela paplaSinajumi. Tapat tika analizétas iespéjas
atbilstosi hibridmodelim markétus datus parveidot uz atkaribu modeli, un
tika radits atvasinats UD korpuss.

Izveidotais sintaktiski markétais korpuss ir kalpojis par pamatu, lai
varétu radit augstas precizitates (91%) parsétajus latvieSu valodai.
Savukart daliba UD iniciativa ir veicinajusi latvieSu valodas un ari citu
fleksivu valodu resursu starptautisko atpazistamibu un fleksivam valodam
piemérotaku riku izveidi datorlingvistikd - pétniecibas joma, kuras
veésturiska izcelsme pamata mekléjama darba ar analitiskajam valodam.
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1 Ievads

Promocijas darbs izstradats datorlingvistika - starpdisciplinara
nozareé, kas nodarbojas ar dabiskas valodas modeléSanu un apstradi ar
datorikas metodém. Tas pamatuzdevums ir automatiska strukturétas,
masinlasimas un masinai interpretéjamas informacijas izgiSana no
dabiskas valodas?, ka arl masinlasamas informacijas (datu) atainosana ar
dabiskas valodas lidzekliem, tadéjadi centralie datorlingvistikas aspekti ir
valodas analize (sapratne) un sintéze (tekstrade). Valodas apstradi gan
valodnieciba, gan datorlingvistika médz aplukot ka vairaklimenu uzdevumu
(sk. l.aattelu), kur gramatisko un semantisko informaciju katra no
limeniem var analizét, izmantojot formalus nozimes reprezentacijas
modelus (sk. 1.b attélu, uzskatamibas labad Seit minéti ar promocijas darbu
saistitajos projektos izmantotie reprezentacijas modeli, lai gan tie nav
vienigie).

e N Y

Teksta semantika | | Diskurss Abstract Meaning Representation

Coreferences
FrameNet PropBank
Named Entities

Teikuma semantika

Sintakse v mversal- Latvian Treebank
Dependencies
\ J
I's /
Morfologija Leksiska semantika Tezaurs.lv WordNet
AN AN g
(a) Teksta analizes limeni (b) Izvelétas reprezentacijas
(péc Grazitis, 2011) (péc Gruzitis et al,, 2018)

1. attels. Valodas apstrade un analize

Daudzas misdienu datorlingvistikas problémas un to risinajumi ar
praktisku lietojumu izriet no valodas analizes semantikas limenos.
Pieméram, misdienas popularo virtualo asistentu (Siri?, Alexa 3 utt.)
darbibas nodrosSinasana tipiski ietver teksta KklasificéSanu (angl. text

1 Sis darbs fokuséjas uz tekstu un neapliko runas atpazi$anas un sintézes
problematiku, tac¢u jaatzimé, ka runas atpaziSanas rezultats ir teksts, kas talak
jaapstrada un jaanalizé, un runas sintézes ieejas dati arf ir teksts.

2 Apple Siri majaslapa: https://www.apple.com/siri

3 Amazon Alexa majaslapa: https://alexa.amazon.com/
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classification) un faktu izgisanu no teksta (angl. information extraction).
Sadu uzdevumu risina$anai var izskirt atskirigas pieejas atkariba no ta, kadi
starpsoli un resursi tiek izmantoti risinajuma iegiiSanai. Viena no pieejam ir
veikt analizi soli pa solim: sakt ar zemaka limena, t.i.,, morfologisko, analizi,
turpinat ar sintaktisko analizi, kas balstas morfologiskaja analizé, utt., lidz
sasniegts veélamais analizes jeb teksta nozimes reprezentacijas limenis. Otra
pieeja ir uzreiz risinat galaproblému, neveicot tieSu, pilnu zemako limenu
analizi. Otra pieeja risina tikai konkréto uzdevumu, un risinajums var bit
griti visparinams citiem ta pasa analizes limena uzdevumiem. Pieméram,
atslegvardu saraksti vai to jédzientelpas vektori (angl. word embeddings)
var but pietiekams risinajums teksta klasificéSanas uzdevumam, tacu ar So
resursu nepietiek, lai izgitu no teksta faktologisku informaciju. Pirmaja
pieeja aprakstita resursu izstrade ir laika un cilvekresursu ietilpigaka, ta¢u
jau izstradato risinajumu izmantojums ir plasaks un tie atkartoti noder
jaunu lietojumu izstrade. Tadéjadi plasa parklajuma zemaka limena
risinajumu izstrade ir fundamentals ieguldijums talaka augstaka limenu
problému risinasana. Promocijas darba veiktais pétijums un ta rezultati
orienteéti uz teksta analizi soli pa solim, t.i., péc pirmas pieejas.

Viszemakie teksta apstrades limeni ir teksta daliSana tekstvienibas
(angl. tokens) un morfologiska analize. Morfologija ir valodniecibas
apaksnozare, kas péta un apraksta vardu gramatisko struktiiru, savukart
datorlingvistika ar morfologisko analizi bieZi saprot procesu, kas analizé ne
tikai vardus, bet arl pieturzimes - visas tekstvienibas. Arl $aja limeni
netriikst atseviSsku probléemgadijumu, tomeér latvieSu valodai ir pieejams
fundamentals, visaptveross risinajums, kas analizes variantu generésanai
izmanto leksikonu (Paikens, 2007), un statistisks, korpusa datos apmacits
tagotajs ar 98% precizitati vardSkiras atpaziSanai un 93% - pilnajam
morfologiskajam markéjumam, kas ietver, pieméram, locijumu, dzimti un
skaitli lietvardiem un ipasibas vardiem, laiku, personu un skaitli darbibas
vardiem u.tml. (Paikens et al., 2013; Paikens, 2017).

Nakamaja, sintakses, limeni tiek apskatiti vardu- teikuma
elementu - savstarpéjie formalie sakari, savukart teikuma un teksta
semantikas limeni attiecas uz teikuma* vai teksta ieklauto jégu. Promocijas
darbs ir veltits valodas analizei sintakses limeni. LatvieSu valodai pirms
promocijas darba saksanas sintaktiskas analizes riku krajums un resursu
krajums bija loti ierobeZots - triika efektiva plasa parklajuma parsétaja un
sintaktiski markéta korpusa S$ada masSinmacama parsétaja izveidei.
Eksistéja eksperimentals likumos balstits daléjais parsétajs, kas izmantoja
manuali sastaditu likumu kopu (Barzdins et al., 2007), tacu $i likumu kopa

4 Seit un turpmak - ja nav noradits citadi, tad ar teikumu Isuma labad tiek saprastas
gan predikativas, gan nepredikativas vienibas (izteikumi).
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parklaja tikai vienkarSus paplasinatus teikumus, un iegitais rezultats bija
daudznozimigs - katram teikumam tika piedavati visi iespéjamie analizes
varianti, kas atbilst teikuma elementu morfologiskajam pazimém. Eksistéja
ar1 pétijumi, kas veltiti specifiskam problémam, pieméram, pareizrakstibas
parbaudei (Deksne, Skadin$, 2011) vai ierobeZotam dabiskajam valodam
(Paikens, Grizitis, 2012).

Promocijas darba sekmigi attistitas sintakses limena tehnologijas, it
ipasi Universalo atkaribu (Universal Dependencies, UD) korpuss, veido
nepiecieSamo pamatu taldkajiem augstaka limena pétijumiem (sk.
1.b attelu).

1.1 Petnieciska problema

Promocijas darba izvirzita pétnieciska probléma ir pilniga (plasa
parklajuma) latvieSu valodas formala gramatikas modela izstrade un
aprobacija, t.sk., caur modelim atbilsto$a, apjomiga, maSinlasama sintaktiski
markeéta tekstu korpusa izveidi.

1.2 Problemas aktualitate

Promocijas darba rezultati paver plasas jaunu riku un pétijjumu
iespéjas.

e Izmantojot sintaktiski markéto korpusu, ir iesp€jams izveidot
dazadus jaunus valodas analizes rikus, Ipasi uzsverot augstas
precizitates sintaktiskos parsétajus latvieSu valodai un iespéju
piedalities parsétaju blivéSanas sacensibas.

o Sintaktiski marketais korpuss, kas publiski pieejams divos datu
formatos atbilstosi diviem sintaktiska markéjuma modeliem, valodas
pétijumiem lauj atlasit latviesu valodas datus péc sintaktiskiem
kritérijiem, kas pirms tam nebija iesp&jams.

e LatvieSu valodai tiek aprobéts plasi izmantots starptautisks
standarts - UD. LatvieSu valoda ir pirma no baltu valodam, kam tiek
veidots $ads plaSs resurss. Tadejadi daliba UD iniciativa veicina
starptautisko sadarbibu un vésturiski vairak anglocentriskaja
datorlingvistikas vidé lauj izplatities atzinam par fleksivu valodu,
kuras ir bagata morfologija, ipatnibam un vajadzibam.

e Jauni latvieSu valodas riki ir svarigi ne tikai zinatnei, bet ar1 plasakai
sabiedribai - tie veicina latviesu valodas plasaku ieklausanos
elektroniskajos sazinas lidzeklos un valodas izdzivoSanu digitalaja
laikmeta.



1.3 Peétijuma mérki un uzdevumi

Pétijuma visparigais meérkis ir uzsakt jaunu latvieSu valodas izpétes
virzienu - sintaktiski marketos tekstos Dbalstitus datorlingvistikas
pétijumus. Peéetijuma konkrétais merkis ir izstradat un aprobét
fundamentalu, latvieSsu valodai lidz Sim nebijusu valodas resursu -
masinlasamu sintaktiski markétu korpusu. Darba meérka sasniegSanai
izvirziti talak minétie uzdevumi.

e Izveidot metodes un nepiecieSamo tehnisko ietvaru sintaktiski
markeéta latvieSu valodas korpusa radisanai, t.sk. salidzinat dazadus
sintaktiskas markéSanas modelus.

e Radit eksperimentalu korpusa prototipu.

e Izstradat datu transformacijas sintaktiski markéta Kkorpusa
izmantosanai dazados formatos, tsk. atbilstosi starptautiski
aprobétajai UD pieejai.

e Sagatavot korpusa datus dalibai parsétaju apmaciba, tsk.
starptautiskas sacensibas, un nodrosinat datu publisku pieejamibu
dazadiem pétijumiem.

1.4 Hipotezes

Darba izvirzitas $adas hipotézes:

1) atkaribu un frazu struktiiru hibrids gramatikas modelis paplasinas
latviesu valodas sintaktiski marketa korpusa izmantojamibu,
salidzinot ar atkaribu gramatikas modeli;

2) kvalitativs vidéja apjoma (ap 10-20 tikstoSi teikumu5) sintaktiski
markeéts latvieSu valodas korpuss kalpos par pamatu vismodernako
(angl. state-of-the-art) parsétaju izveidei.

Darba ietvaros izvirzitas hipotézes guvusas praktisku apstiprinajumu.

1.5 Petijuma metodes

Promocijas darba izmantotas $adas pétijumu metodes:

5 Retrospektivi skatoties UD daudzvalodu korpusu datos un CoNLL 2018 rezultatos,
redzams, ka “liela” korpusa apjoms ir videji 12,5 tikstosi teikumu un labaka
parsétaja vidéja precizitate Sada veida korpusiem ir 84,37%. Par “lieliem” korpusiem
So sacensibu organizatori uzskatija korpusus, kas ir pietiekami lieli, lai
masSinmaci$anas vajadzibam varétu noskirt ne tikai apmacibas (angl. train) un
noveértésanas (angl. test) datu kopas, bet arl parametru kalibréSanas (angl. dev)
kopu.
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1.6

literatiiras apskats - lai apzinatu perspektivas metodes un citu
valodu pieredzi, analizétas dazadas zinatniskas publikacijas un
atseviskos gadijumos ari atvérta pirmkoda riku programmkods;
iterativa izstrade un pielagosana - darba raditie riki un algoritmi tika
realizeti, noveértéti un iterativi precizéti, vadoties péc to praktiska
izmantojuma;

kvantitativa novértéSana- darba izveidotie transformacijas
algoritmi tika izvertéti ar joma pienemtajam metrikam;

kontroleti eksperimenti - algoritmu varianti tika salidzinati
kontroléetas vides eksperimentos ar kvantitativas noveértésanas
palidzibu, analiz€jot to darbibas atskiribas un precizitati;

kladu analize - kur iespéjams, algoritmu rezultatos izlases veida tika
veikta arl manuala klidu analize, lai gitu labaku priekSstatu par
iespéjamajam problémam un to veidiem.

Galvenie rezultati

Promocijas darba galvenie rezultati ir sadi.

1.7

Radita riku kopa un “Latviesu valodas sintaktiski markéeta korpusa”
(Latvian Treebank, LVTB) veidoSanai vajadziga infrastruktira, t.sk.
definéti plasam valodas parkldjumam nepiecieSamie LU MII
eksperimentala hibrida gramatikas modela paplaSinajumi.
Analizétas iespéjas hibridmodelim atbilstoSu datu markéjumu
parveidot par atkaribu modelim atbilstoSu, pétita dazadu
parveidojumu ietekme uz parsétaju precizitati un
talakizmantojamibu. Izveidota transformacija, kas no hibridajam
gramatikas modelim atbilsto$i markétiem datiem rada atvasinatu UD
pieeja marketu korpusu (Latvian UD Treebank, UDLV-LVTB).
Bitiskakais netieSais rezultats: latvieSu valodai radits jauns
starpdisciplinaras pétniecibas virziens un pamats fundamentalu
valodas tehnologiju izstradei: (1) korpuss - LVTB un UDLV-LVTB
(latvieSu valodas dala UD versijas v1.3-v2.11); (2) parsétaji latviesu
valodai.

Praktiska nozime un rezultatu aprobacija

Izmantojot promocijas darba laika izveidoto sintakses modeli un

markésanas infrastruktiiru, radits 17 tikstoSus teikumu liels sintaktiski
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markets korpuss, kas publiski pieejams gan hibridaja ¢ , gan UD
reprezentacija’.

Sintaktiski markeétais korpuss ir kalpojis par pamatu LU MII un zinu
agentiiras LETA sadarbibai ERAF praktiskas ievirzes projekta “Daudzslanu
valodas resursu kopa teksta semantiskai analizei un sintézei latvieSu
valoda” (2017-2019; sk. 3.2.1.sadalu), kura ir izveidots daudzlimenu
sintaktiski un semantiski markéts korpuss un uz ta bazes - rikkopa NLP-
PIPE (Znotins, Cirule, 2018) pilnai latvieSu valodas tekstu analizei
(atbilstosi 1.b attelam). Savukart rikkopu NLP-PIPE savu produktu un
pakalpojumu attistiSanai izmanto LETA, Latvijas Nacionala bibliotéka u.c.
Sintaktiski marketais korpuss kalpo ar1 par pamatu talakiem lingvistiskiem
un valodas tehnologiju pétjjumiem Valsts pétljumu programmas
“Humanitaro zinatnu digitalie resursi” (2020-2022) un “Letonika latviskas
un eiropeiskas sabiedribas attistibai” (2022-2024).

Atvasinato sintaktiski markéto UD Kkorpusu latvieSsu valodas
sintaktisko parsétaju izstradei ir izmantojusas ari arvalstu pétnieku grupas.
Tas ir izmantots gan Google SyntaxNet parsétaja apmacibai, gan Cetras
starptautiskas UD parsétaju apmacibas sacensibas, kuras raditie latviesu
valodas parsétaji parsniedz 85% precizitati gan plasi izmantota
daudzvalodu parsétaja UDPipe8 izveidé (Straka et al., 2016; Straka 2018).
Tadéjadi darba rezultati ir kalpojusi par pamatu augstas efektivitates
parsétaju radiSanai latvieSu valodai (sk. 0. sadalu). Tapat UD korpuss tiek
izmantots pétijumos, kuros izstrada fleksivam valodam piemérotakas
metrikas un rikus (pretstata vésturiski dominéjosajai anglu valodai, kas ir
analitiska valoda), pieméram, CLAS metriku (Nivre, Fang, 2017).

1.8 Peétijuma rezultatu publikacijas

Darbs veidots ka publikaciju kopa, apvienojot 11 autores
publikacijas, kuras risinati ar sintaktiski markéta korpusa izveidi un
parsétaju izstradi saistitie jautajumi. Pétijums izstradats Latvijas
Universitates (LU) Matematikas un informatikas institita (MII) Maksliga
intelekta laboratorija laika posma no 2010. lidz 2023. gadam vairaku
projektu un pétijuma programmu ietvaros. Darba aprakstitie rezultati ir
kolektivs darbs, kura promocijas darba autore ir vadijusi pétijumu vai
butiski piedalijusies So rezultatu sasniegSana (sk. promocijas darba tabula
“Promocijas darba autora personiskais ieguldijums” 5. Ipp.).

6 CLARIN-LV repozitorija http://hdl.handle.net/20.500.12574/63
7 LINDAT/CLARIN-CZ repozitorija http://hdl.handle.net/11234/1-4758
8 UDPipe majaslapa: https://ufal.mff.cuni.cz/udpipe/2

12


http://hdl.handle.net/20.500.12574/63
http://hdl.handle.net/11234/1-4758
https://ufal.mff.cuni.cz/udpipe/2

Pétijuma rezultati publiskoti 7 Elsevier Scopus un Thomson Reuters

Web of Science indeksétas publikacijas:

Saulite, B., Dargis, R., Grizitis, N., Auzina, I, Levane-Petrova, K,
Pretkalnina, L., Rituma, L., Paikens, P., Znotins, A., Strankale, L.,
Pokratniece, K., Poikans, I., Barzdins, G., Baklane, A., Saulespuréns, V.,
Ziedins, J. (2022). Latvian National Corpora Collection - Korpuss.lv.
Proceedings of 13th International Conference on Language
Resources and Evaluation (LREC 2022), Marseille, pp. 5123-5129
(Scopus).

Gruzitis, N., Pretkalnina, L., Saulite, B, Rituma, L. Nespore-
Berzkalne, G., Znotins, A., Paikens, P. (2018). Creation of a Balanced
State-of-the-Art Multilayer Corpus for NLU. Proceedings of the 11th
International Conference on Language Resources and Evaluation
(LREC 2018), Miyazaki, pp. 4506-4513 (Scopus un WOS).
Pretkalnina, L., Rituma, L. Saulite, B. (2018). Deriving enhanced
Universal Dependencies from a hybrid dependency-constituency
treebank. Proceedings of the 21sh International Conference “Text,
Speech, and Dialogue” (TSD), LNCS, Vol. 11107, Springer Link, pp. 95-
105 (Scopus un WO0S).

Pretkalnina, L., Rituma, L., Saulite, B. (2016). Universal Dependency
Treebank for Latvian: a Pilot. Proceedings of the 7th International
Conference on Human Language Technologies- the Baltic
Perspective (HLT 2016), Frontiers in Artificial Intelligence and
Applications, Vol. 289, 10S Press, pp. 136-143 (Scopus un WOS).
Pretkalnina, L., Rituma, L. (2014). Constructions in Latvian Treebank:
the Impact of Annotation Decisions on the Dependency Parsing
Performance. Proceedings of the 6th International Conference on
Human Language Technologies - the Baltic Perspective (HLT 2014),
Frontiers in Artificial Intelligence and Applications, Vol. 268, 10S
Press, pp. 219-226 (Scopus un WOS).

Pretkalnina, L., Znotins, A., Rituma, L., Gosko, D. (2014). Dependency
parsing representation effects on the accuracy of semantic
applications - an example of an inflective language. Proceedings of 9th
International Conference on Language Resources and Evaluation
(LREC 2014), Reykjavik, pp. 4074-4081 (Scopus un WOS).
Pretkalnipa, L. Rituma, L. (2012). Syntactic Issues Identified
Developing the Latvian Treebank. Proceedings of the 5th International
Conference on Human Language Technologies- the Baltic
Perspective (HLT 2012), Frontiers in Artificial Intelligence and
Applications, Vol. 247, 10S Press, pp. 185-192 (Scopus un WO0S).
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Vel peéetijuma rezultati publicéti ar1 4 citos starptautiski recenzétos
izdevumos:

Pretkalnina, L., Rituma, L. (2013) Statistical syntactic parsing for
Latvian. Proceedings of the 19th Nordic Conference of Computational
Linguistics, NEALT Proceedings Series, Vol. 16, Oslo, pp. 279-289.
Pretkalnina, L., NeSpore, G., Levane-Petrova, K, Saulite, B. (2011). 4
Prague Markup Language Profile for the SemTi-Kamols Grammar
Model. Proceedings of the 18th Nordic Conference of Computational
Linguistics (NODALIDA 2011), Riga, pp. 303-306.

Pretkalnina, L., NeSpore, G., Levane-Petrova, K., Saulite, B. (2011).
Towards a Latvian Treebank. M.A. Mora, M. Carrié Pastor, (ed.): Actas
del 3 Congreso Internacional de Lingiiistica de Corpus. Tecnologias
de la Informacién y las Comunicaciones: Presente y Futuro en el
Analisis de Corpus, Candel, Valence, pp. 119-127.

Pretkalnina, L., Levane-Petrova, K. (2011). Preparatory Work for
Latvian Treebank. Proceedings of International Conference CORPUS
LINGUISTICS - 2011, St. Petersburg, pp. 53-58.

Par darba rezultatiem autore referéjusi 10 starptautiskas konferences:

21st International Conference “Text, Speech, and Dialogue” (TSD),
Brno, 2018;

7th International Conference on Human Language Technologies - the
Baltic Perspective (HLT), Riga, 2016;

6th International Conference on Human Language Technologies - the
Baltic Perspective (HLT), Kaunas, 2014;

9th International Conference on Language Resources and Evaluation
(LREC), Reykjavik, 2014;

19th Nordic Conference of Computational Linguistics (NODALIDA),
Oslo, 2013;

5th International Conference on Human Language Technologies - the
Baltic Perspective (HLT), Tartu, 2012;

17. starptautiska zinatniska konference “Vards un ta pétiSanas
aspekti”, Liepaja, 2012;

18th Nordic Conference of Computational Linguistics (NODALIDA),
Riga, 2011;

International Conference CORPUS LINGUISTICS - 2011,
St. Petersburg, 2011;

3rd International Conference on Corpus Linguistics, Valende, 2011.

Ar darbu saistiti rezultati prezentéti ari divas vietéja limena konferences:

73.LU konference “LatvieSu valodas sintaktiski anotéta korpusa
atteloSana universala atkaribu formata”, 2015;
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72.LU konference “Markéjuma transformacijas sintaktiski markéta
latvie$u valodas tekstu korpusa”, 2014.

Doktorantiiras studiju laikd autore piedalijusies arl $adu

starptautiski recenzétu, ar darba tému netiesi saistitu publikaciju izstradeé:

Paikens, P., Klints, K., Lokmane, 1., Pretkalnina, L., Rituma, L., Stade,
M., Strankale, L. (2023). Latvian WordNet. Proceedings of the 12th
Global Wordnet Conference (GWC2023), tiks publicéta.

Paikens, P., Rituma, L., Pretkalnina, L. (2022). Towards Word Sense
Disambiguation for Latvian. Baltic Journal of Modern Computing,
10(3), 402-408 (Scopus).

Paikens, P., Grasmanis, M., Klints, A., Lokmane, I., Pretkalnina, L.,
Rituma, L., Stade, M., Strankale, L. (2022). Towards Latvian WordNet.
Proceedings of the 13th Language Resources and Evaluation
Conference (LREC 2022), Marseille, pp. 2808-2815 (tiks indekseéta
Scopus).

Paikens, P., Gruzitis, N., Rituma, L., Nespore, G. Lipskis, V.,
Pretkalnina, L., Spektors, A. (2019). Enriching an Explanatory
Dictionary with FrameNet and PropBank Corpus Examples.
Proceedings of the 6th Biennial Conference on Electronic
Lexicography (eLex), pp. 922-933 (Scopus).

Pretkalnina, L., Paikens, P. (2018). Extending Tezaurs.lv online
dictionary into a morphological lexicon. Proceedings of the 8th
International Conference on Human Language Technologies - the
Baltic Perspective (HLT 2018), Frontiers in Artificial Intelligence and
Applications, Vol. 307, pp. 120-125 (Scopus).

Saulite, B., Pretkalnina, L., Spektors, A. (2017). Pirmas konjugdcijas
darbibas vardi Tézaurd. Vards un ta pétiSanas aspekti: rakstu krajums
21 (1/2), Liepaja, 122.-129. lpp.

Spektors, A., Auzina, [, Dargis, R. Gruzitis, N, Paikens, P,
Pretkalnina, L., Rituma, L., Saulite, B. (2016). Tezaurs.lv: The largest
open lexical database for Latvian. Proceedings of the 10th
International Conference on Language Resources and Evaluation
(LREC 2016), Portoroz, pp. 2568-2571 (Scopus).

Paikens, P., Rituma, L., Pretkalnina, L. (2013). Morphological analysis
with limited resources: Latvian example. Proceedings of the 19th
Nordic Conference of Computational Linguistics (NODALIDA 2013),
NEALT Proceedings Series, Vol. 16, Oslo, pp. 267-277.
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2 Latviesu valodas sintaktiskas analizes
hibridmodelis un korpuss

Sintaktiski markeéts korpuss ir butisks valodas resurss, kas lauj
izveidot datos balstitu sintaktisko parsétaju, ka ari dod iespéju jauna veida
valodniecibas pétijumiem.

Veidojot sintaktisko analizatoru jeb parsétaju, tiek apkopotas
zinaSanas par analizéjamas valodas sintaktisko struktiru, ti., ir
nepiecieSams definét modeli, kada sintaktiska informacija tiks attélota, un
ir vajadzigi dati par konkrétas valodas raksturu. Kad sintaktiskas analizes
modelis ir formuléts, zinasanas par valodas ipatnibam var fiksét un apkopot
gan cilveks, specialists, likumu veida, gan dators masinmaciSanas (angl.
machine learning) cela (piem., izmantojot statistiskas metodes vai neironu
tiklus) no atbilstosi sagatavotas datu kopas.

Pirms $i darba saksanas latvieSu valodai nebija sintaktiski markeéta
korpusa un lidz ar to arl statistisku parsétaju buvesanas iespéju. Bija
izméginata specialista rakstitos likumos balstita parsétaja pieeja: VPP
“Informacijas tehnologiju zinatniska baze” projekta “Semantiska timekla
izpéte, attistiSana un piemérosana Latvijas vajadzibam” (SemTi-Kamols)
(2005-2009) tika raditas iestrades Lisjéna Tenjéra (Lucien Tesniére)
atkaribu gramatika (Tesniére, 1959) (sikak sk. 2.1.sadala) balstitam
hibridam latvieSu valodas sintakses modelim, uz ka pamata izveidots
Cankeris (Barzdins et al, 2007; Ne$pore et al.,, 2010). Cankeris bija daléjs
analizators, kas, izmantojot lingvistu pierakstitus likumus, spéja pilnas
parlases veida izanalizét lielako dalu vienkarSu paplasinatu teikumu, ka ar1
vienkar$iem teikumiem atbilsto$as dalas saliktos teikumos. Cankeris katram
analizéjamajam teikumam ka rezultatu sniedza visus formali iespéjamos
analizes variantus, jo ta izveides bridi nebija pieejams sintaktiski markéts
korpuss, kas lautu noveértet kadus variantus ka iespéjamakus. Ar $adu pieeju
piedavato variantu skaits pieaug eksponenciali atkariba no teikuma
garuma.

Analizéjot Cankera rezultitus, atklijas vairakas problémas, kas
raksturigas daudziem likumos balstitiem (angl. rule-based) analizatoriem.
Biitiskaka no tam ir mérogojamibas griitibas: pieaugot likumu skaitam,
butiski (eksponenciali) palielinas vidéjais teikumam piedavato analizes
variantu skaits, tapéc samazinas atrdarbiba un likumu mijiedarbiba klast
arvien sarezgitaka, griitak izsekojama un grutak atklidojama.

Palielinoties piedavatajam analizes variantu skaitam, arvien
biitiskaks kliist jautdjjums par to, ki no daudzajiem analizes variantiem
izveleties vienu, kuru piedavat lietotajam vai izmantot talakos lietojumos.
Dabiska véelme biitu izvéléties no visiem variantiem pareizo vai, ja tada nav,

16



tad vismazak Kk]udaino, tacu valoda netriikst situaciju, kad teksta
fragmentam iesp€jami vairaki gramatiski pareizi analizes varianti un
cilveka sagaidita interpretacija nav viennozimigi nosakama tikai no
gramatikas zinasanam. Pieméram, vardu savienojumu “sievieSu adas
zabaki” un “liellopa adas zabaki” gadijuma tas ir pasaules zinasanas, kuru
dél mes secinam, ka, visticamak, pirmaja gadijuma zabaki ir paredzeti
sievietem, bet otraja - gatavoti no liellopa adas, nevis paredzéti liellopiem.
Plasa dzilu pasaules zinasanu integrésana likumos balstitos parsétajos biitu
arkartigi sarezgita, tacu labus rezultatus git palidz statistiski dati par to,
kadas struktiras ir biezak raksturigas kadam valodas materidlam,
pieméram, ka “sievieSu zabaki” ir daudz biezak lietots formuléjums neka
“liellopa zabaki”. Tadejadi nacas secinat: pat ja tiktu atrisinatas citas
mérogojamibas problémas, Cankera talakai attistiSanai par plasa
parklajuma praktiski izmantojamu sintakses parsétaju jebkura gadijuma
biitu nepiecieSsams sintaktiski markéts korpuss, no kura $adu statistisko
informaciju iegit.

Savukart, ja izvélas parsétaju buvet, par pamatu izmantojot no
datiem izskaitlotas statistiskas likumsakaribas vai neironu tiklus, kas
jaapmaca datos, sintaktiski markets korpuss ka So likumsakaribu avots
klust par fundamentalu valodas digitalo pamatresursu.

META-NET parskata pétijuma (Vasiljevs, Skadina, 2012) 2012. gada
noradits, ka latvieSu valodai nav publiski pieejams neviens sintaktiski
markeéts korpuss. Tadéjadi $ada korpusa radiSana un publiskosana, it ipasi
atveérto datu veida, sniedz jaunas iespéjas valodas tehnologiju pétijumos un
izstradé, ka arl valodniecibas studijas un pétijumos. Sads korpuss lauj
valodniekiem parbaudit praksé teorija aprakstito izpratni par
sintaktiskajam paradibam latvieSu valoda un precizét to atbilstoSi datos
balstitiem novérojumiem.

2.1 Sintaktiski marketa korpusa gramatikas
modelis

Balstoties uz veiksmigajam hibrida gramatikas modela iestradém
Cankera izveidé SemTi-Kamols projekta un konsultgjoties ar lingvistiem,
tika nolemts So modeli talak attistit sintaktiski marketa korpusa vajadzibam
ar ilgtermina meérki modelét visas veidojamaja korpusa sastopamas latvieSu
valodas konstrukcijas.

“LatvieSu valodas sintaktiski markéta korpusa” (Latvian Treebank,
LVTB) gramatikas modelis ir veidots ka divu pasaule plasi lietotu
sintaktisko modelu - atkaribu gramatikas un frazes struktiiras gramatikas -
hibrids.
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Teikuma struktiiras formalie attélojumi no matematiska viedokla ir
grafi, tapéc turpmak darba lietota grafu teorijas terminologija. Grafu veido
divu tipu elementi - galigs skaits virsotnu (angl. node, vertex) un $kautnes
(angl. edge), kas Si1s virsotnes pa pariem savieno (katras divas virsotnes - ne
vairak ka viena Skautne). Parasti teikuma struktira ir saknots koks (angl.
rooted tree) - grafs bez cikliem ar vienu ipasi atzimeétu virsotni, ko sauc par
sakni (angl. root). Katrai virsotnei pievienotds virsotnes dalas divas
grupas - vecaki un bérni. Vecaks (angl. parent) ir tada virsotne, kuras
attalums (Skautnu skaita zina) lidz saknei ir mazaks neka dotajai virsotnei,
un tada katrai koka virsotnei, iznemot sakni, ir tiesi viena (sakne ir vieniga
virsotne, kam vecaka nav). Bérni (angl. children) ir par€jas virsotnes - tam
attalums l1dz saknei ir lielaks neka dotajai virsotnei. Virsotnes, kuram bérnu
nav, sauc par lapam (angl. leaves). Virsotnes, kas ir dotas virsotnes vecaki,
vecaku vecaki utt. (biiSanas vecakam transitivais slegums), sauc par dotas
virsotnes priekstec¢iem (angl. ancestors). Virsotnes, kas ir dotas virsotnes
bérni, bérnu bérni utt. (bisanas bérnam transitivais slégums), sauc par
dotas virsotnes pécteciem (angl. descendants). Atseviskos gadijumos grafs,
kas attelo viena teikuma struktiiru, var but nesakarigs, t.i.,, grafs var but
vairaku koku kopa - mezs (angl. forest), tacu praktiskie lietojumi no $adam
struktiram biezi vairas.

Frazes strukturas gramatika (angl. phrase structure grammar)
(Chomsky, 1957) par teikuma struktiiras pamatvienibu tiek uzskatita fraze.
Katra fraze sastav no tekstvienibam (angl. tokens)- vardiem vai
pieturzimém - un/vai citam frazém, un teikums tiek attélots ar koku, kura
sakne ir fraze, kas atbilst visam teikumam, savukart lapas - tekstvienibas.
Sada koka piemérs dots 2.a attéla. Pamata modell frazém tiek uzstadita
prasiba bit nepartrauktam (angl. continuous), t.i., ja apakskokam, kura
sakné ir fraze X, pieder gan i-ta, gan j-ta tekstvieniba teikuma, tad ar1 visam
tekstvienibam intervala [i, j] ir japieder tam paSam apak$kokam. Prakseé $is
ierobezojums médz tikt parkapts, lai saglabatu lidzigu markéjumu lidzigam
valodas paradibam, pieméram, ja parfrazétam teksta fragmentam the school
they went to ‘skola, uz [kuru] vini gaja’ vélas saglabat attéla dotajam
pieméram analogisku frazu dalijjumu, tad nakas veidot partrauktu frazi
(angl. discontinuous phrase) - starp darbibas varda frazes (VP) dalam went
to ‘gaja uz’ un the school ‘skola’ atrodas they ‘vini’.

18



a)

NP
NP cC NP

The boy the girl ﬂ\

the old school
Avots: Berkley Neural Parser demonstracija https://parser.kitaev.io/
b)
o
<root>
went
root
VERB
boy school
nsubj obl punct
NOUN NOUN PUNCT
The girl to the old
det conj case det amod
DET NOUN ADP DET ADJ
and the
cc det
CCONJ DET

Avots: UDPipe parsétaja demonstracija http://lindat.mff.cuni.cz/services/udpipe/

2. attels. Piemeérs teikuma markéjumam atbilstosi frazu gramatikas
modelim (a) un atkaribu gramatikas modelim (b).
Teikums: The boy and the girl whent to the old scool. ‘Zéns un meitene gaja uz veco
skolu.’

Atkaribu gramatika (angl. dependency grammar) (Mel’'¢uk, 1988)
par teikuma struktiiras pamatvienibu uzskata vardu un teikumu modelé ar
orientétdm, binaram attieksmém starp vardiem - atkaribam (angl.
dependencies). Par vienkarsa teikuma struktiiras centralo elementu uzskata
izteic€ju, tam talak var but atkarigie, un katram atkarigajam talak atkal var
biit atkarigie. Teikuma struktira ir koks, un katra no ta virsotném atbilst
vienam vardam. Korpusu markésanas vajadzibam modelis var tikt
papildinats t3, lai koka ka virsotnes tiktu ieklautas visas teikumu veidojosas
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tekstvienibas, ieskaitot pieturzimes (Haji¢ et al., 2000). Sada koka piemérs
dots 2.b attela. Atkaribu gramatika balstits modelis tiek izmantots arl
lietuvie$u valodas - latvieSu valodai tipologiski vistuvakas dzivas valodas -
sintaktiski marketaja korpusa ALKSNIS? (Bielinskiené et al.,, 2016), tacu ta
izstrade tika sakta velak - pec tam, kad latvieSu valodas sintaktiski markeéta
korpusa modelis jau bija izveéléts.

Misdienu atkaribu gramatikas izcelsme mekléjama L. Tenjéra
gramatikas modeli (Tesniére, 1959). Vina darba papildus atkaribu
attieksmém teikuma tiek definétas ari citas attieksmes, pieméram,
transferences (fr. translation) operacija, kas no prievarda un ar to saistita
pamatvarda veido vienu “virtualu” vardu, kas talak teikuma funkcioné ka
ipaSs pamatvarda locijjums. Atseviska konstrukcija- junkcija
(fr. jonction) - paredzéta vienlidzigu teikuma loceklu attéloSanai. Par koka
virsotném $aja modeli tiek uzskatiti nevis vardi, bet nucléus (fr.) - elementi,
kas var but vai nu viens vards, vai ar aprakstitajam operacijam iegits
vairaku vardu savienojums.

Frazes struktiras gramatikas un atkaribu gramatikas markéjumi
formala limeni ir pielidzinami viens otram un parveidojami no viena
markésanas modela otra un atpakal, ja vien frazu markéjuma katrai frazei ir
noradits galvenais elements. Tad katru frazi var parveidot par atkaribu
komplektu starp galveno vardu un paréjiem frazes elementiem, savukart
katru atkaribu var uztvert ka divu elementu frazi, kuras galvenais elements
ir atkaribas neatkarigais elements. Partrauktam frazém frazes struktiiras
gramatika atbilst neprojektivas Skautnes atkaribu gramatika. Péc Nivre,
Nilsson (2005): ja virsotnu (tekstvienibu) pari v un w savieno Skautne, ta ir
neprojektiva (angl. non-projective) tad un tikai tad, ja kada no
tekstvienibam, kas teikuma atrodas starp v un w, nav nedz v, nedz w
péctecis. Par neprojektivu koku (pretstata projektivam, angl. projective)
sauc tadu koku, kura ir vismaz viena neprojektiva Skautne. Var viegli
parliecinaties, ka, veicot transformaciju starp modeliem augstak
aprakstitaja veida, neprojektiva skautne kliist par partrauktu frazi un otradi.

SemTi-Kamola hibridaja gramatikas modell ta sakotnéja izstrades
stadija tika izmantotas atkaribas un x-vardi- L. Tenjéra nucléus lidzigas
konstrukcijas atsevisku vardu savienojumu attéloSanai (NeSpore et al,
2010). Saja darba hibridais gramatikas modelis ir bitiski papildinats un
pilnveidots, lai novérstu triakumus, kas tika apzinati korpusa markéSanas
gaita.

Pilnveidotais LVTB modelis (Pretkalnina et al., 2011a; Pretkalnina,
Levane-Petrova, 2011) ir hibrids attieciba pret iepriekS aprakstitajiem
sintakses modeliem - tas teikuma struktiru attélo ka atkaribu koku, kura

9 CLARIN-LT repozitorija http://hdl.handle.net/20.500.11821/21
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dazas no virsotném var but frazém lidzigas konstrukcijas (sk. pieméru
3. attéla). Sim konstrukcijam var biit gan kopigi atkarigie, kas attiecinami uz
visu konstrukciju, gan individuali atkarigie, kas attiecinami uz atsevisku
konstrukcijas sastavdalu. Katra frazes sastavdala ir vai nu tekstvieniba, vai
cita fraze, tadejadi LVTB hibridmodelis ir visparinajums, par kura
specialgadijumiem var uzskatit gan frazu, gan miisdienu atkaribu modelus.

Markéjot korpusu, hibridmode]a atkaribu relacijas tiek izmantotas,
lai attelotu sintaktiska pakartojuma attieksmes, pieméram, maza madja; iet
skold; ilgi gulét (neatkarigais komponents noradits ar pasvitrojumu).

Frazes veida konstrukcijas modeli tiek iedalitas tris grupas: x-vardi,
sakartojuma konstrukcijas un pieturzimju konstrukcijas.

pred punct
gaJa\ti
subj\ adv
crdPans xPrep

crdPart conj crdPart prep |basElem
Zéns un  meitene uz [skolu

attr
veco

3. attéls. Piemeérs teikuma markéjumam atbilstosi LVTB modelim,
apziméjumi: zalas Skautnes - x-varda (frazes) sastavdalas, zilas skautnes -
sakartojuma konstrukcijas (frazes) sastavdalas, violetas Skautnes - pieturzimju
konstrukcijas (frazes) sastavdalas, briinas $kautnes - atkaribas

Ar x-vardiem Sobrid attélo konstrukcijas, ko latviesu valoda izsaka ar
analitiskajam formam, pieméram, saliktus izteicéjus, prievardu
konstrukcijas. STm konstrukcijam raksturiga stingra iek$éja vardu seciba, ka
ar1 stingri definéts elementu skaits un veids. Pieméram, prievarda
konstrukcijas veido viens prievards un viens nomens, un prievards nosaka
to, vai prievards ir pirms nomena vai péc - tadi prievardi ka ap, uz, par tiek
lietoti pirms nomena, bet dél, labad - péc nomena (lai gan ir atseviski
prievardi, kam valodas materiala sastopami lietojumi abas pozicijas - dé],
péc). Sada x-vardu izpratne precizé sikotnéja SemTi-Kamola modeli
paredzéto x-vardu ideju: lai gan sakotnéja SemTi-Kamola modeli x-vardos
bija ieklautas ar1 daZas citas konstrukcijas, pieméram, vienlidzigi teikuma
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locekli un divdabja teicienu pamatelementi, tomér sakotnéja SemTi-Kamola
modela autori uzskatija, ka visu pieturzimju ieklausana x-vardos neatbilst
iecerétajai idejai.LatvieSu valoda pieturzimes lauj spriest par gramatisko
struktiiry, tapéc tika nolemts, ka sintaktiski markeétaja korpusa jamarke ari
pieturzimes, turklat, ja tas ir iespéjams, atainojot pieturzimju likSanas
motivaciju. Ka $is problémas atrisinajums tika radits otrs frazes veida
konstrukciju tips - pieturzimju Kkonstrukcija. Si konstrukcija satur
pamatelementu - (visbiezak vienu) vardu vai frazi - un pieturzimes, kas
teikuma lietotas $1 pamatelementa de]. Pieméram, teikuma Vins, ézdams
kirsus, nosmereéja kreklu. ir pieturzimju konstrukcija, kas satur ézdams ka
pamatvardu un abus komatus, jo tie tiek lietoti ézdams veidota divdabja
teiciena dél.

Pilnveidotaja LVTB modeli tiek lietots veél viens frazes veida
konstrukciju tips: lidzigi ka originalaja L. Tenjéra atkaribu gramatika ari Seit
tiek $kirta atsevi$ka konstrukcija koordinétiem elementiem. Si konstrukcija
LVTB modeli tiek konsekventi lietota gan vienlidzigu teikuma locek]u
attéloSanai, pieméram, zéns un meitene, gan vienlidzigu teikuma dalu
atteloSanai, pieméram, zéns ir mdjas, bet meitene iet uz skolu un zéns ir majas,
jo vinam Sorit bija iesnas un mate atlava neiet uz skolu. Sakartojuma
konstrukcijas dazos aspektos strukturali ir lidzigas abiem augstak
aprakstitajiem frazu tipiem, tomér sakartojuma konstrukciju struktiira nav
tik stingri fikséta ka x-vardu struktiira, un tas var saturét ari pieturzimes, ja
tadas atdala vienlidzigos teikuma loceklus vai teikuma dalas.

Vel LVTB modelis paredz $adu papildinformaciju: atkaribu
attieksmém ir dazadi veidi jeb sintaktiskas lomas (pieméram, apstaklis,
apzimeétajs, papildinatajs, situants, determinants u.c.) un katram frazes
veida konstrukciju tipam ir vairaki paveidi. X-vardi paveidos sadaliti
atbilstosi to uzbiives atSkiribam (prievardiskas konstrukcijas ir viens veids,
salikti izteic€ji vel viens), pieturzimju konstrukcijas - péc pamatelementa
veida un pieturzimju lietojuma motivacijas. Sakartojuma konstrukciju
paveidi parada, vai sadi markéeta konstrukcija ir vienlidzigi teikuma locekli
vai teikuma dalas.

Modela formala struktiira tika fikséta pirmaja korpusa markésanas
meénesi, savukart noteiktu valodas konstrukciju markéjumu lingvisti, kas
strada ar korpusu, turpina precizét visa markéesanas gaita, ka rezultata var
mainities frazes veida konstrukciju un atkaribu tipi, un $ados gadijumos
tehniskajiem atbalsta risindjumiem ir jabut viegli pielagojamiem. Korpusa
markeésanas gaita nakas saskarties ar latvieSu valodas sintakses teorijas
nepilnibam - dazadiem neskaidriem robezgadijumiem un teorija nepilnigi
aprakstitam paradibam. Dala korpusa veidoSana konstatéto teorétisko
problému apkopotas (Pretkalnina, Rituma, 2012). Modela lingvistiskas
detalas sikak aprakstitas (Rituma et. al, 2019). Kopuma novérojams, ka
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modelis péc daudzam attistibas iteracijam ir nostabilizéjies, tapéc
uzskatams par pabeigtu.

2.2 Korpusa izveide

Saja sadala aprakstita LVTB izveide. Vispirms tiek raksturoti
nepieciesamie riki un datu formati, péc tam - korpusa izveides gaita.

2.2.1 Riki un formati sintaktiski marketajam korpusam

Ta ka LVTB datiem jabut érti glabajamiem, apskatamiem un
redigéjamiem, bija nepiecieSams radit vai pielagot atbalsta rikus un datu
glabasanas formatus.

Ka pamata riku komplekts korpusa manualajai apstradei tiek lietots
Karla Universitate izstradatais TrEd toolkit (Haji¢ et al., 2001) un kopa ar to
arl datu metaformats Prague Markup Laguage (PML) (Pajas, Stépanek,
2006). PML ir §1s riku kopas vietéjais (angl. native) datu formats. Sada izvéle
tika izdarita TrEd toolkit un PML plasas funkcionalitates del: ir izstradats
vizualas redigésanas riks TrEd, mekléSanas valoda kokveida struktiram
PML-TQ ar realizaciju (Stépanek, Pajas, 2010), masveida apstrades riks
bTrEd!0 u.c. Tie ir aprobéti, markéjot vairakus korpusus, ari lielus - Pragas
Atkaribu korpusu (Prague Dependency Treebank, PDT) (Hajic¢ et al., 2000),
Pragas Arabu valodas atkaribu korpusu (Prague Arabic Dependency
Treebank) (Hajic et al., 2004), Slovénu valodas atkaribu korpusu (Slovene
Dependency Treebank) (DZeroski et al., 2006) u.c. Turklat Kar]a Universitate
LINDAT/CLARIN iniciativas ietvaros piedava $adu datu publicéSanas
pakalpojumull.

Tapat vértigi ir arl tas, ka PML standarts Jauj tekstam pievienoto
markéjumu sadalit vairakos limenos un katra limena datus glabat atseviska
faila - tas lauj viena limeni glabat morfologisko markéjumu (vienas
tekstvienibas ietvaros) un citd - sintaktisko, tadéjadi veidojot vienotu
glabasanas standartu gan morfologiski, gan sintaktiski markétajiem
korpusiem. Sadi veidotai struktiirai ir vieglak pievienot jaunus markéjuma
limenus, ja nakotné rodas vélme sintaktiski markéeto korpusu papildinat ar
augstaka limena marké&jumu. Papildus tam PML ir salidzinosi érti lietojams
ar1 arpus TrEd toolkit rikiem, jo PML ir XML (eXtensible Markup Language)

10 hTrEd tehniska dokumentacija
https://ufal.mff.cuni.cz/pdt2.0/doc/tools/tred /btred.html
11 Karla Unlver51tates smtaktlsko korpusu repomtorl]s

10nal operator eguals&ﬁlter treebank
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metaformata apaksformats, tapec PML ir apskatams ar XML redaktoriem un
apstradajams ar XML apstrades rikiem. Tas savukart nodroSina $ada
formata esosu datu lietojamibu nakotneé Sobrid vél neapzinatos uzdevumos.

Lai gan TrEd toolkit tiek postuléts ka izmantotajam sintaktisko koku
struktiram universals riku komplekts, tomeér lidz Sim tas pamata lietots
tieSi atkaribu korpusiem, tapéc, lai pielagotu to LVTB vajadzibam, tika
definéts jauns PML datu formats (konkrétais formats, kas atbilst visparigajai
PML specifikacijai - metaformatam), kas paredzéts tiesi LVTB ar 2.1. sadala
aprakstitajam modelim atbilstoSu markéjumu. Péc analogijas ar PDT arl
toposa latvieSsu valodas sintaktiski marketa korpusa markéjums tiek
sadalits tris limenos - dalijjums tekstvienibas, morfologiskais markéjums un
sintaktiskais markéjums. Tekstvienibu un morfologiska markéjuma limeni
veidoti maksimali tuvi PDT atbilstoSajiem limeniem, parnemot aprobétu
praksi un nodroSinot vieglaku saprotamibu pétniekiem, kas stradajusi ar
PDT. Sintaktiska markéjuma limenim par pamatu izmantots PDT analitiska
limena formats, kas attélo atkaribu kokus. Pielagojot to LVTB vajadzibam,
tas papildinats ar frazes tipa konstrukcijam un tuk$am virsotném
(virsotném bez atbilstibas ar kadu tekstvienibu; PDT tadu nav) vardu
izlaidumu (redukciju, angl. ellipsis) atteloSanai. Ari papildinasana ar frazes
tipa virsotném prakseé veikta, ievieSot ipasa veida tuksas papildvirsotnes,
kuras kalpo frazes ka vienota kopuma attelo$anai.

Lai adekvati varétu So formatu izmantot, ta ipatnibas tika definétas
PML Schema standartam 12 atbilstosas PML shémas un tika radits arl
paplasinajuma modulis grafiskajam redaktoram TrEd (Pretkalnina et al,,
2011b). Paplasindjuma modulis satur gan dazadas ar taustinu isceliem
pieejamas funkcijas, kas padara értaku manualo sintaktisko markéSanu, gan
stila lapas vizualizacijai, ko lieto gan TrEd, gan ari Karla Universitates
CLARIN/LINDAT repozitorijs, kas piedava sada veida datus turét publiski
pieejamus un katram interesentam vaicajamus.

Papildus tika izveidota XSL (Extensible Stylesheet Language)
transformacija, kas lauj korpusa datus parveidot Tiger XML formata
(Mengel, Lezius, 2000), ko izmanto Stutgartes Universitates izstradatais
TigerSearch'3 un citi riki.

12 PML Schema tiek definéta PML specifikacija 6. sadala “PML schema file”
https://ufal.mff.cuni.cz/jazz/pml/doc/pml doc.html#pml-schema

13 TigerSearch majaslapa

http: //www.ims.uni-stuttgart.de/forschung/ressourcen /werkzeuge /tigersearch.html
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2.2.2 Korpusa iterativa izveide un attistiba

LVTB markésana sakta 2010. gada. Dazadu projektu ietvaros korpuss
ir pieaudzis lidz pat 17 tiikstoSiem teikumu 2022. gada un tadéjadi kluvis
par biutisku latvieSu valodas datorlingvistikas resursu.

Raksturojot LVTB attistibu, nosaciti var runat par divam fazem -
eksperimentalu sakotnéjo markésanas fazi (angl. pilot project) un masveida
korpusa paplasinasanas fazi no apméram 2016. gada.

Sakotnéji eksperimentalaja fazé korpusu markéja viens sintakses
specialists un automatizétas priekSmarkesanas iespéjas bija minimalas.
Sadi vairaku gadu laika korpuss sasniedza apméram 1500 teikumu apjomu,
bet péc morfologiska tagotaja (Paikens et al., 2013) izveides un integracijas
markésanas procesa korpuss sasniedza 5000 teikumu 2014. gada (Rituma
et.al, 2019).

2016.gada sakas LVTB masveida paplaSinasana. ERAF projekta
“Daudzslanu valodas resursu kopa teksta semantiskai analizei un sintézei
latvieSu valoda” (2016-2019) (sk. ar1 3.2.1. sadalu) laika korpuss sasniedza
10 tikstoSus teikumu. Péc tam LVTB kvantitativa un kvalitativa
paplasinasana notiek Valsts pétijumu programmas “Humanitaro zinatnu
digitalie resursi” (2020-2022) un “Letonika latviskas un eiropeiskas
sabiedribas attistibai” (2022-2024), un darba rakstiSanas bridi korpuss ir
sasniedzis 17 tikstosu teikumu apjomu. LVTB ir balstiti dazadi lingvistiski
pétijumi (pieméram, Lokmane, Saulite, 2023a; Lokmane, Saulite 2023b,
Rituma et al, 2023), tas palidz pieradit darba 1.hipotézi, jo hibridais
markésanas modelis labak atbilst latvieSu valodniecibas tradicijai un tapéc
ir vieglak uztverams pétniekiem Latvija.

Aptuvenu ieskatu par iegiita korpusa apjoma nozimigumu var git,
aplikojot gan vesturiski svarigus korpusus, gan dazadu valodu sintaktiski
markeéto korpusu izmérus Universalo atkaribu (Universal Dependencies, UD)
iniciativas (sk. 3. nodalu detalizétam UD aprakstam) 2022. gada pavasara
laidiena 4. Saja UD laidiena UDLV-LVTB ir sasniedzis 282 tiiksto$us
tekstvienibu, un laidiena ir 32 korpusi, kam apjoms ir vismaz 250 tiikstosi
sintaktisko varduls katra. Ja valodam, kam UD ir vairaki korpusi, skaita
kop€jo korpusu apjomu, tad no laidiena ieklautajam 130 valodam 30 ir
vismaz 250 tiikstosi sintaktisko vardu lieli korpusi. Lielakie individualie UD

14 UD v2.10, pieejams LINDAT repozitorija http://hdl.handle.net/11234/1-4758

15 UD markésSanas paradigma paredz noteiktam valodam noteiktas tekstvienibas
dalit vairakos sintaktiskajos vardos, pieméram, anglu salsindjumi mom’s un don’t
tiek uzskatiti katrs par diviem sintaktiskajiem vardiem, tadée] dazu valodu korpusos
$adu “vardu” skaits parsniedz tekstvienibu skaitu. LatvieSu valodas korpusam Sie
skaitli sakrit.

25


http://hdl.handle.net/11234/1-4758

korpusi $aja versija ir vacu valodai - UD_German-HDT (3,455 milj. sint. v.),
krievu valodai - UD_Russian-SynTagRus (1,517 milj.), c¢ehu valodai-
UD_Czech-PDT (1,509 milj.), japanu valodai- UD_Japanese-BCCW]
(1,253 milj.) un UD_Japanese-BCCWJLUW (995 tiikst.), ka ar1 islandiesu
valodai - UD_Icelandic-IcePaHC (985 tikst.).

2010. gada, kad tika uzsakti ar promocijas darbu saistitie pétijumi,
pasaules lielakos korpusus salidzinat bija daudz grutak, jo tie marketi
atbilstosi dazadiem formalajiem gramatikas modeliem (t.sk. mazliet
atSkiras ari daliSana tekstvienibas), taCu tris nozimigakie bija jau
pieminétais ¢ehu valodas PDT (1,5 milj.) (Haji¢ et al.,, 2000), ka ari anglu
Penn Treebank (3 milj., sintaktiski markéto korpusu pétijjumu pamatlicéjs)
(Marcus et al., 1994) un vacu Tiger Treebank (900 tikst.) (Brants et al.,
2002). No vienas puses, ar1 citu valodu pieredze liecina, ka vajadziba péc tik
apjomigiem korpusiem ir mazinadjusies. Ticamakie iemesli tam ir dzilo
neironu tiklu (angl. deep neural networks) valodas modelu strauja attistiba
un arvien plasaks starpvalodu masSinmaciSanas metozu (angl. transfer
learning) lietojums, kas lauj meérkvalodas modeléSanu pilnveidot,
izmantojot citu valodu datus. No otras puses, nemot véra pasaules pieredzi
Sobrid aktivakaja starptautiskaja datorlingvistikas sintakses kopiena UD,
latviesu valodai ir izveidots zinatniski veértigs piemérota lieluma resurss,
par ko liecina ar1 rezultati parsétaju biivésanas sacensibas (sk. 0. sadalu).

2.3 Korpusa nozime un ietekme

Saja sadala aprakstita LVTB publisko$ana un talaka izmanto$ana
parsétaju biivésanas pétijumos.

2.3.1 Pieejamiba

Korpusa dati tiek marketi publiski nepieejama repozitorija, bet
korpuss tiek publiskots versiju veida. Kops 2018. gada korpusa versijas tiek
publicétas Karla Universitates LINDAT/CLARIN repozitorija reizi pusgada
atbilstosi UD korpusu versiju grafikam kopa ar 3.nodala aprakstito
atvasinato latvieSu valodas UD korpusul¢. Tur tiek nodrosinata korpusa
citéjamiba ar palieko$am saitém (angl. persistent linking), ka ari tieSsaistes
mekléSana korpusa, tadéjadi nodroSinot So korpusu derigumu zinatniskajai
citéSanai. Pirmaja publicétaja korpusa versija ir 7,7 tiikstosi teikumu,

16 Visas publicétas LVTB versijas kopa ar 3. nodala aprakstita UD korpusa versijam
pieejamas repozitorija sadala https://lindat.mff.cuni.cz/services/pmltq/#!/treebanks,
atlasot péc latviesu valodas.
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jaunakaja (2022.gada novembri) - gandriz 17 tiksto$i teikumu 17. Lai
informétu Latvijas pétniekus par So resursu, ir organizéti ari informativie
seminarils.

2.3.2 Korpusa balstiti parsétaju petijumi

Nemot véra UD korpusa straujo attistibu un plaso lietojumu (sk.
3. nodalu), $aja sadala ieklauto pétijumu aprakstam ir vairak retrospektiva
nozime, jo UD ka vienojosa reprezentacija ir pavérusi iesp&jas daudzam
valodam izmantot vienotus rikus un vienotas parsétaju biives metodes,
neveicot specifisku pielagoSanos (angl. feature extraction) katrai valodai.
Tapat pétniecibas jomas attistibas rezultata ir radusas jaunas parsétaju
buves tehnologijas un latvieSu valodas parsétaju izstrade ir iesaistijusas ar1
starptautiskas pétnieku grupas (sk. 0. sadalu).

Seit minétajiem pétijumiem bija nozimiga loma talak aprakstita UD
korpusa tapSana: tika risinata korpusa transformaciju problematika, ka ari
glts sakotnéjais priekSstats par atkaribu attélojuma ietekmi uz parsétaju
darbibu un tadu riku darbibu, kas lieto parsetajus (downstream application).
Turklat daudzveidigie atkaribu attélojumi, ko ir iespé&jams iegiit no LVTB ar
transformaciju palidzibu, apstiprina darba 1. hipotézi, ka hibridais modelis
nodros$inas plasaku korpusa izmantojamibu neka atkaribu modelis. Datu
transformacijas, kas $ajos pétijumos tika atzitas par perspektivam, daudzos
aspektos ir lidzigas UD markéjuma modelim, tadéjadi ieziméjot UD korpusa
izveidi ka logisku darba turpinasanas virzienu.

Taja pasa laika japiezimé, ka jaunakas pétniecibas tendences darba
pabeigSanas bridi liecina par hibrido modelu reaktualizaciju. Nivre et al.
(2022) apluko plasu tipologiski dazadu valodu kopu (ta ietver ari 3. nodala
aprakstito latvieSu valodas UD korpusu), t.sk. atsaucoties uz publikaciju
(Barzdins et al. 2007), kas kalpojusi ari par pamatu 2.1.sadala
aprakstitajam modelim, un secina, ka L. Tenjéra nucleus elementiem lidzigu
konstrukciju izmantoSana parsétaju uzbiivé sniedz nelielu, tacu statistiski
nozimigu uzlabojumu parsésanas precizitate.

Turpmaka 2.3.2.sadala strukturéta $adi: salidzinoSie parsétaju
pétijumi aprakstiti 2.3.2.4.sadala, savukart priekSnosacijumi Siem
pétijumiem skaidroti 2.3.2.1.-2.3.2.3.sadalas: vispirms 2.3.2.1.sadala
raksturota pétijjumiem nepiecieSama parsétaja sistémas izvele (atbilstosa ta

17 Apkopojums par korpusa versijam un izmantota markéjuma apraksti pieejami ari

LU MII resursa http://sintakse.korpuss.lv/versions.html

18 Pieméram, CLARIN 1n1c1at1va

valodas smtaktlskl marketa -korpusa-izmantosanu
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briza modernakajam metodém), tad 2.3.2.2.sadala definétas metrikas
rezultatu salidzinasanai un, visbeidzot, 2.3.2.3.sadala aprakstitas datu
transformacijas, kas nepiecieSamas, lai lietotu izvéléto parsétaju sistemu.

2.3.2.1 Parseétaja apmacibas sistémas izvele

Veidojot no datiem inducetu parsétaju, bija nepiecieSams saskanot
datu markéjuma modeli ar parsétaja izmantoto. Ta ka LVTB modelim ka
hibridmodelim atbilstosa parsétaju apmacibas sistéma nav izstradata (jo
Sada veida sintakses modeli lidz Sim ir maz lietoti), tika apskatitas iespéjas
atbilstosi hibridmodelim marketos datus parveidot ta, lai tie bultu
izmantojami kadai jau izstradatai parsétaju apmacibas sistémai.

Atbilstosi markésana plasi izmantotajiem modeliem arl parsétaju
apmacibas sistémas pamata izmanto vai nu frazes struktiiras gramatiku, vai
atkaribu gramatiku. Lai gan parsétaju sistémas, kas izmanto frazes
struktiras gramatiku (Collins, 2002), bija pazistamas jau senak, $is pétijuma
fazes sakSanas laika (2012.gads) labakos rezultatus sniedza atkaribu
gramatika balstitais parsétajs (Bohnet, Nivre, 2012), kas vienlaicigi veic
sintaktisko un morfologisko analizi.

Sakot So pétijuma fazi, latvieSu valodas manuali sintaktiski markeétais
korpuss vél bija salidzinosi mazs (53 225 tekstvienibu) un atseviski bija
pieejams lielaks manuali morfologiski markétais korpuss (109 311
tekstvienibu, ieskaitot sintaktiski markéto korpusu). Tapéc tika nolemts
sakotnéji veikt morfologisko un sintaktisko markésanu secigi, nevis reizé -
lai varétu iegut butiski augstakas precizitates morfologisko markéjumu, jo
morfologiska markétaja apmacibai bltu iespéjams izmantot gandriz tris
reizes vairak datu. Labaka morfologiskas markéSanas precizitate lauj
sasniegt ari labaku sintaktiskas markeésanas precizitati.

Atkaribu modeli balstitas parsétaju sistemas tika atzitas par
piemérotakam ne tikai tam laikam augstas precizitates dél, bet ari tadél, ka
atseviSkas atkaribu modeli balstitas sistémas realizé neprojektivu koku
apstradi ar tam Ipasi paredzétu algoritmu (Nivre, 2009). Sis aspekts latviesu
valodas gadijuma ir svarigs tapéc, ka valodam ar salidzinosi brivu vardu
secibu neprojektivi koki veidojas biezak (McDonald et al, 2005). Ka
alternativa apskatama iespéja lietot atkaribu parsétaju, kas apstrada tikai
projektivus kokus, bet tad jaizmanto projektivizacijas transformacijas datu
pirmsapstradei un pécapstradei (Nivre, Nilsson, 2005).

Atkaribu modeli balstitajas parsétaju sistemas parsésanai tobrid tika
izmantotas divas pamatmetodes - pareju parsétdji (angl. transition based
parser) (Nivre, 2009) un grafu parsétaji (angl. graph based parser) (Koo,
Collins, 2010), tacu grafu parsétaju galvenais konceptualais trikums So
pétijumu konteksta ir nespéja konstruét neprojektivus kokus.
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Pareju parsétajiem ir arl praktiskas prieksSrocibas. Pirmkart,
atrdarbiba: grafu parsétajam asimptotiskais izpildes laika novértéjums pret
teikuma garumu ir 0(n®) vai 0(n*) atkariba no izmantoto apak$struktiru
sarezgitibas (Koo, Collins, 2010), bet pareju parsétdjam - 0(n) projektivam
(Nivre, 2009) un 0(n?) neprojektivam (Nivre, 2003). Otrkart, plasi lietotajai
pareju parsétaja sistemai MaltParser® (Nivre et al.,, 2007b) ir izstradats
parametru optimizéSanas riks MaltOptimizer?0 (Ballesteros, Nivre, 2012),
kas automatizé masinmaciSanas parametru parlasi, tadéjadi samazinot
nepiecieSamo darba apjomu, kas javeic, lai veiksmigi apmacitu sistemu.

2.3.2.2 Parsétdju vertésanas metrikas

Darba parséetaju salidzinaSanai un izvertéSanai tiek lietotas Sadas
metrikas.

Nemarketas piesaistes Kriterijs (angl. unlabeled attachment score,
UAS) norada, kadai dalai tekstvienibu parsétaja noraditais vecaks koka
sakrit ar doto standartu, pieméram, cilvéeka markeéto.

Lomu precizitate (angl. label accuracy, LA) norada, kadai dalai
tekstvienibu noradita loma (ka atkaribas atkarigajam elementam) sakrit ar
doto standartu, pieméram, cilvéka markéto.

Marketas piesaistes kriteérijs (angl. labeled attachment score, LAS)
norada, kadai dalai tekstvienibu ar doto standartu sakrit gan parsétaja
noraditais vecaks, gan loma (ka atkaribas atkarigajam elementam).

Ja nav noradits citadi, metriku vértibas Saja darba tiek dotas
procentos.

2.3.2.3 Datu transformadcijas

Lai izmantotu LVTB datus MaltParser apmacibai, markéjumu bija
nepiecieSams parveidot: gan no hibrida sintakses modela uz atkaribu
modeli, gan no PML XML formita uz CoNLL tabularo datu formatu?2!. Sai
vajadzibai raditie riki pieejami tie$saisté22. Saja sadala galvena uzmaniba
tiks veltita transformacijam no LVTB modela markéjuma uz atkaribu
markéjumu (Pretkalnina, Rituma, 2014), jo datu formata transformacijas ir
relativi vienkarsas - no PML XML failiem jaizgiist nepiecieSamie lauki un tie
japieraksta tabulara formata atbilstoSi CoNLL formata prasibam.

19 MaltParser majaslapa http://www.maltparser.org/

20 MaltOptimizer majaslapa http://nil.fdi.ucm.es/maltoptimizer/install.html

21 CoNLL-X Shared Task: Multi-lingual Dependency Parsing majaslapas Wayback
Machine arhivs

https://web.archive.org/web/20160814191537 /http://ilk.uvt.nl/conll/#dataformat

22 GitHub repozitorijs CorporaTools https://github.com/LUMII-AlLab/CorporaTools
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Lai parveidotu korpusa markéjumu, pietiek definét, ka
parveidojamas $is LVTB mode]a pamata konstrukcijas:

e atkaribu attieksmes starp tekstvienibam;

e atkaribu attieksmes, kuras vecaks un/vai bérns ir frazes tipa
konstrukcija;

o frazes tipa konstrukcijas.

[zmantojot 2.1. sadala aprakstitas pamatidejas, tika nolemts izmantot
transformésanas stratégiju, kas atbilst $adam prasibam:

e atkartbu attieksmes starp tekstvienibam atainot identiski
originalam;

e frazes tipa konstrukcijas atainot par atkaribu koka fragmentiem, kas
ir saknoti koki;

e atkaribu attieksmes, kuras vecaks vai berns ir frazes tipa
konstrukcija, frazes tipa konstrukciju(-as) aizstat ar iepriekséja
punkta izveidoto koka fragmentu saknes virsotni.

Veicot transformaciju uz atkaribu attélojumu, informacija, kas vairs
netiek attelota strukturali, ir jazaudé vai jaiekodé lomas. Balanséjot
informacijas zaudéjumus ar lomu komplekta sarezgitibuy, tiek izveidota $ada
lomu kodeésanas sistéma:

e atkaribu Skautnu markéjums tiek papildinats ar prefiksu, kas norada,
vai atkaribas neatkarigais elements originalaja markéjuma ir
tekstvieniba (prefikss dep) vai frazes tipa konstrukcija (prefikss
phdep);

e elementam, kas klist par frazes tipa konstrukcijas attélojosa
apakskoka sakni, tiek veidota salikta loma, kas sastav no:

1. prefiksa, kas norada, vai attieciga konstrukcija originalaja
markéjuma ir atkariga no tekstvienibas (prefikss dep) vai no
frazes tipa konstrukcijas (prefikss phdep), un atkaribu lomas,
kas frazes tipa konstrukcijai pieskirta originalaja markéjuma;

2. frazes tipa un elementa lomas fraze (51 lomas dala netiek
ieklauta gadijumos, ja Sim elementam loma, kas izveidojas
1. punkta, ir sintaktiski pielaujama, arl elementam esot arpus
frazes);

e paréjas frazes sastavdalas tiek marketas ar saliktu lomu, kas sastav
no frazes tipa un elementa lomas fraze;

¢ informacija par tukSajam virsotném, kas attélo vardu izlaidumus, tiek
atmesta.

Transformacijas piemérs dots 4.attéla. Sads apraksts definé
transformacijai izvélétas visparigas ipasibas, tacu, lai iegiitu precizi definétu
transformaciju, ir janorada, ka transforméjams Kkatrs no Kkorpusa
izmantotajiem frazes veida konstrukciju paveidiem.
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ROOT-sent:punct

pred punct sent:pred
gaia \ gaia \\
subj \ adv dep:subj-crdParts:conj dep:adv-xPrep:prep
crdParts lerep un \ uz x
crdPart  conj  crdPart prep |basElem crdParts:crdPart crdParts:crdPart xPrep:basElem
Zéns un meitene  uz skolu Zéns meitene skolu
attr dep:attr
veco veco

4. attels. Sintakses koka transformésanas piemeérs

Konsultejoties ar valodniekiem 23 , lielakajai dalai frazes veida
konstrukciju tika viennozimigi definétas transformacijas, tacu tika
apzinatas ar1 atseviskas frazes veida konstrukciju grupas, kuras valodiskas
zinasanas nesniedz viennozimigu lémumu par optimalo transformaciju.
LVTB ir ¢etras Sadas grupas.

o Saliktie izteicéji (sintaktiski markeétaja korpusa apzimeti ar x-varda
paveidu xPred):

o  darbibas vardu saliktie laiki, pieméram, ir gdjis;

o modalie izteicéji, pieméram, varéja gulét, gribéja ést, gadijas

pakrist;

o  sastata izteic&ji, pieméram, ir gudrs, bija skolotajs, bus auksti.

e Vienlidzigi teikuma locekli un teikuma dalas (sintaktiski markétaja
korpusa - visi sakartojuma konstrukciju paveidi).

e Frazes veida konstrukcijas, kuru mérkis ir piesaistit kokam
interpunkcijas zimes (sintaktiski markétaja korpusa- visi
pieturzimju konstrukciju paveidi), pieméram:

o  paligteikuma pieturzimju konstrukcijas,

o  iespraudumu un iestarpindjumu pieturzimju konstrukcijas,

o  uzrunas pieturzimju konstrukcijas.

Sim konstrukcijam tika izveidotas transformaciju alternativas, lai
talak petitu izvelu ietekmi uz parsétaju izveidi un lietojamibu.

23 [pas$s paldies Laurai Ritumai, Baibai Saulitei, Guntai Ne$porei-Bérzkalnei un Ilzei
Lokmanei.
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2.3.2.3.1 Salikto izteiceéju transformacijas

Katra salikta izteicéja ir viens pamatelements (korpusa loma
basElem), kas apzimé semantiski galveno elementu, un viens vai vairaki
paligdarbibas vardi (korpusa loma auxVerb) un/vai modificetaji (korpusa
loma mod). Pieméram, fraze ir skolotdjs lietvards skolotdjs ir semantiski
galvenais vards un tadé] pamatelements, savukart ir ir paligdarbibas vards,
bet frazé peldét gribi pamatelements ir darbibas vards peldét. Nemot véra,
ka konstrukcija ir iespéjamas $adas un tikai Sadas sastavdalas, tika izveléts
izskatit Sadas transformacijas (sk. 5. attelu):

e  xpredBASELEM?* - par frazei atbilsto$a apakskoka sakni tiek izveléts
elements ar lomu basElem; savukart paréjie frazes elementi (korekta
koka gadijuma - ar lomam auxVerb, mod) tiek pakartoti izveélétajam
saknes elementam (sk. 5.b attélu);

e xpredDEFAULT - par frazei atbilsto$a apakskoka sakni tiek izvéléts
lineari pirmais (t.i.,, pirmais attieciba pret tekstvienibu secibu teksta)
elements ar lomu auxVerb vai mod, pare€jie tiek pakartoti izvelétajam
saknes elementam (sk. 5.c attélu).

pred
lered

a) Originals

basElem auxVerb auxVerb
Veca esmu palikusi
b) xpredBASELEM c¢) xpredDEFAULT
O\
sent:pred sent:pred-xPred:auxVerb
Veca \ eem \
xPred:auxVerb xPred:auxVerb  xPred:basElem xPred:auxVerb
esmu palikusi Veca palikusi

5. attéls. Saliktu izteicéju transformaciju piemeri,
apzimeéjumi: zalas $kautnes - x-varda (frazes) sastavdalas, briinas $kautnes - atkaribas

Transformaciju xpredDEFAULT biitu iespéjams uzlabot, pilnveidojot
kritérijus, péc kuriem vairaku auxVerb un/vai mod lomu gadijuma izvélas
saknes elementu, jo lineari pirma elementa izvéle nenodrosina, ka frazes
elements tiks izveléts ta, lai attélotu vienas un tas pasSas attieksmes,
pieméram, frazé esmu palikusi veca tiktu izveélets esmu, bet frazé veca

24 Seit un turpmak - transformiciju nosaukumi saskanoti ar publikacijas un
CorporaTools repozitorija izmantotajiem.
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palikusi esmu - palikusi. Tomeér to $aja pétijuma fazeé nebija iesp€&jams veikt
bez sintaktiski markéta korpusa manualas papildinasanas ar papildu
markéjumu, kas palidzétu veikt sadu izveli.

2.3.2.3.2 Sakartojuma konstrukciju transformacijas

Sakartojuma konstrukcijas sastav no diviem vai vairak
koordinétajiem elementiem (korpusa ar lomu crdPart), kurus atdala
pieturzimes (korpusa ar lomu punct) un/vai saikli (korpusa ar lomu cony).
Piemeéram, fraze sédéja, éda un dzéra koordinétie elementi ir darbibas vardi
sedéja, éda, dzéra, pédéjos divus koordinétos elementus atdala saiklis un, bet
pirmos divus - pieturzime komats. Saiklis var atrasties arl pirms pirma
koordinéta elementa, ka piemeéra gan zéni, gan meitenes.

Sakartojuma konstrukciju attélojums plasi varié dazados atkaribu
korpusos, atSkiroties gan pamata lemumos, gan nianseés. Popel et al. (2013)
piedava sakartojuma konstrukciju attélojumu iedalit trijas saimés atkariba
no koordinéto elementu konfiguracijas:

e Pragas saime- visi koordinétie elementi ir bérni kadam no
atdalosajiem saikliem vai pieturzimém,

e Maskavas saime - koordinétie elementi veido atkaribu virkni,

e Stenfordas saime - paréjie koordinétie elementi ir pakartoti
pirmajam vai peédéjam koordinétajam elementam.

Tika izveidotas transformacijas (sk. 6. attelu), kuru rezultata iegitie
attélojumi parstav katru no $im saimém.

e coord3_LEVEL - Stenfordas saimes parstave - par frazei atbilstosa
apakskoka sakni tiek izvéléts lineari pirmais elements ar lomu
crdPart, ka ta bérni tiek pievienoti paréjie elementi ar lomam crdPart.
conj un punct elementi tiek pievienoti ka bérni tuvakajam crdPart
elementam, pirms kura tie teikuma atrodas (sk. 6.c attélu).

o coordDEFAULT - Pragas saimes parstave - par frazei atbilstosa
apakskoka sakni tiek izvéléts saiklis, kas atrodas starp lineari pirmo
elementu ar lomu crdPart un otro. Ja tur $ada saikla nav, k3,
pieméram, fraze zéni, meitenes un suni, tad tiek izvéléta starp lineari
pirmajiem diviem elementiem ar lomu crdPart esos$a pieturzime. Visi
paréjie sakartojuma konstrukcijas elementi tiek pievienoti ka bérni
izvélétajai apakSkoka saknei (sk. 6.b attélu).

e coordROW_NO_CON] - Maskavas saimes parstave- par frazei
atbilstosa apakskoka sakni tiek izvéeléts lineari pirmais elements ar
lomu crdPart. Katrs nakamais elements ar lomu crdPart tiek
pievienots ka bérns iepriekséjam. Elementi ar lomam conj un punct
tiek pievienoti ka bérni tuvakajam elementam ar lomu crdPart, pirms
kura tie teikuma atrodas (sk. 6.e attélu).

33



a)

originals

crdPart

punct crdPart punctfcrdPart punct crdPart
pakajus , apdares ,

attr
koka

coordDEFAULT

b)

dep:obj-crdParts:;punct

conj fcrdPart
lietas

attr
tamlidzigas

crdPartsicrdPart  crdPartscrdPart  crdPartspunct  crdPartsicrdPart  crdPartsipunct  crdPartsicrdPart  crdPartsiconj  crdParts.crdPart
pakajus durvis s apdares s liftus un lietas
dep:attr dep:attr
koka tamlidzigas
c) coord3_LEVEL d) coordROW
dep:obj dep:obj
pakajus pakajus
crdParts.crdPart crdPartsicrdPart - crdParts.crdPart crdParts.crdPart crdPartspunct
durvis apdaresc/ liftus lietas s
crdPartspunct crdPartspunct dep:attr crdPartspunct crdPartsiconj dep:attr crdPartsicrdPart
s s koka s un tamlidzigas durvis
crdParts;punct
e) coordROW_NO_CON] )
dep:obj
pakiajus crdParts.crdPart
apdares
crdParts.crdPart
durvis dep:attr crdParts:punct
koka B
crdParts;punct crdParts.crdPart
B apdares

crdPartspunct dep:attrf crdParts.crdPart

koka liftus
crdParts:punct crdParts.crdPart
) lietas
crdPartsiconj dep:attr
un tamlidzigas

tamlidzigas
6. atteéls. Sakartojuma konstrukcijas transformaciju piemeri,

crdPartsicrdPart
liftus

crdParts.conj
un,

crdParts.crdPart
lietas

dep:attr

apziméjumi: zilas $kautnes - sakartojuma konstrukcijas (frazes) sastavdalas, briinas

Skautnes - atkaribas
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e coordROW - Maskavas saimes parstave - par frazei atbilstosa
apakskoka sakni tiek izvelets lineari pirmais elements ar lomu
crdPart. Katrs nakamais frazes elements tiek pievienots ka bérns
iepriekSéjam. Ja pirms pirma elementa ar lomu crdPart atrodas
elements ar lomu conj, to pievieno pirmajam elementam ar lomu
crdPart (sk. 6.d attelu).

2.3.2.3.3 Pieturzimju konstrukciju transformacijas

Katra pieturzimju konstrukcija ir viens pamatelements (korpusa
loma basElem), kurs$ kopa ar elementiem, kas apakskoka atrodas zem t3,
izraisa attiecigo pieturzimju lietojumu, un viena vai vairakas pieturzimes
(korpusa loma punct). Vél Saja konstrukcija var ietilpt saikli (korpusa loma
conj), pieméram, gadijumos, kad ar pieturzimém atdalitu paligteikumu
ievada saiklis, ka ari patvaligs skaits elementu bez skaidri definétas
sintaktiskas lomas (korpusa no), pieméram, uzrunas, iespraudumi,
partikulas. Pieméram, teikuma Bet, Anna, aizver durvis! teikuma pieturzimju
konstrukcija sastav no izsaukuma zimes, saikla bet, pamatelementa aizver
un elementa ar lomu no, kas talak satur citu pieturzimju konstrukciju
(uzrunu) ar pamatelementu Anna.

Nemot véra, ka konstrukcija biitiskakas sastavdalas ir basElem, punct
un conj (ja tads ir), tika izvéléts izskatit Sadas transformacijas (sk. 7. attelu):

e pmcBASELEM - par frazei atbilsto$a apak$koka sakni tiek izveléts
elements ar lomu basElem; savukart paréjie frazes elementi tiek
pakartoti izvéletajam saknes elementam (sk. 7.b attelu);

a) originals b) pmcBASELEM c¢) pmcDEFAULT
spe\ dep:spc-spcPmc:basElem dep:spc-spcPme:punct
spcPmc Sataustijusi
basElem punct dep:obj spcPmc:punct spcPmc:basElem
Sataustijusi lnauda&imi , Sataustijusi

obj dep:attr dep:obj
!naudaszimi vajadzigo !naudaszimi

attr dep:attr

vajadzigo vajadzigo

7. attéls. Pieturzimju konstrukciju transformaciju piemeri,
apziméjumi: violetas Skautnes - pieturzimju konstrukcijas (frazes) sastavdalas, briinas
Skautnes - atkaribas
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e pmcDEFAULT - par frazei atbilstosa apakskoka sakni tiek izveléts
lineari pirmais elements ar lomu conj vai, ja tada nav, tad pirmais
elements ar lomu punct, paréjie tiek pakartoti izvelétajam saknes
elementam (sk. 7.c attélu).

2.3.2.3.4 Kopsavilkums

Katra frazes transformacija ir neatkariga no citam, tapéc izskatitos
frazu transformaciju variantus ir iesp€jams patvaligi kombineét. Tadéjadi ir
iespéjams iegit 16 dazadas transformacijas, ko izmantot sintaktiski
markéta korpusa datu parveidoSanai, lai tos talak padaritu izmantojamus
atkaribu parsétaja apmacibai. Izmantojot Sis transformacijas, tiek ieguti
16 korpusa varianti, kuros tie pasi teksti marketi dazados veidos. Tacu, lai
noskaidrotu iegito korpusa variantu savstarpé€jas prieksrocibas, bija
nepiecieSami praktiski eksperimenti, jo nebija pietiekamu teorétisko
lingvistisko apsvérumu, kas dotu skaidru atbildi.

2.3.2.4 Parseétdja apmdciba un transformaciju salidzinasana

Pirmie parsétaju apmacibas eksperimenti tika veikti, manuali
salidzinot MaltParser sistéma realizétos parséSanas algoritmus
(Pretkalnina, Rituma, 2013), taCu talakajai sistémas parametru atlasei
izmantota MaltOptimizer sistéma (Ballesteros, Nivre, 2012), kas triju solu
procesa veic piemérotako parametru atlasi. Pirmaja soli MaltOptimizer
apreékina visparéjus raditajus par korpusu, pieméram, tekstvienibu skaitu,
neprojektivo koku ipatsvaru. Otraja soli tiek izvéléts parséSanas algoritms.
TreSaja soli atbilstosi parsésanas algoritmam tiek izvelétas apmacibas
pazimes - noteiktam tekstvienibam var lietot vardformu, pamatformu,
morfologisko informaciju un CoNLL tabularaja formata paredzéto pazimju
(FEATS) kolonnu, kas ]auj ieklaut jebkadu papildinformaciju.

Eksperimenti tika veikti, izmantojot gan korpusa eso$o manuali
veidoto morfologisko markéjumu, gan automatiski veidotu morfologisko
markéjumu. Salidzino$ajos eksperimentos uzsvars likts uz automatiski
veidota morfologiska markéjuma izmantosanu, jo tas labak atbilst parsétaja
iespéjamajiem lietojumiem - manuala morfologiska markésana prasa laiku
un cilvékresursus, tapéc parsétajus visplasak lieto tekstam ar automatiski
iegitu morfologisko markéumu. Automatiski markétas morfologijas
izmantosana radija nelielu precizitates kritumu - ap 1-2 procentpunktiem
(Pretkalnina, Rituma, 2013).

Lai iegitu labaku izpratni par izveidoto sintaktiska markéjuma
transformaciju ietekmi uz parsésanu, tika veikti divu tipu eksperimenti.
Parsétaju aréja noveértésana (angl. extrinsic evaluation) tika veikta, vadoties
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péc rezultatiem, ko sniedz riki, kas izmanto parsétajus. Parsétaju iekseja
novértésana (angl. intrinsic evaluation) tika veikta, salidzinot parséSanas
precizitati fiksétam testa datu kopam un atseviskam konstrukcijam tajas.

2.3.2.4.1 Aréjais novértéjums

Lai gan sintaktiskam parsétajam ir plasi lietojumi lingvistikas
pétljumu sagatavoSana un datu indeksacija, tomeér plasakais parsétaju
lietojums ir saistams ar integréSanu dazadas riku sistémas, kuras
sintaktiskas analizes rezultati tiek izmantoti ka ieejas dati citiem rikiem.
Tapéc ir butiski izvertét ne tikai to, ka sintaktiska reprezentacija ietekme
parséSanas precizitati, bet arl to, ka ta ietekmé to riku precizitati, kas
izmanto parsé$anas rezultitus. Sai vajadzibai tika veikti detalizéti
eksperimenti ar 16 aprakstitajam transformacijam un ar trim latvieSu
valodai izveidotiem rikiem, kas darbojas dazados semantiskas analizes
aspektos: semantisko lomu markétaju, koreferencu risinataju un nosaukto
entitasu atpazinéju.

Semantisko lomu atpaziSana (angl. semantic role labeling) (piem.,
Barzdins et al., 2014) ir semantiskas analizes uzdevums, kas attiecigaja
tobrid latvie$u valodai izveidotaja rika darbojas teikuma limeni. Saja rika
tiek lietota FrameNet25 (Ruppenhofer, 2010) metode - atpazit galigu skaitu
situaciju (angl. semantic frame), ko veido situaciju izsaucéji (frame target)
un situaciju elementi (angl. frame element). Izmantotais latvieSu valodas
riks paredzéts 26 zinu tekstiem raksturigdm situacijam, piemeéram,
dzim$ana, pirkSana/pardosana, stasanas amatd, uznémuma dibinasana, un
atpaziSanu veic divas fazeés, vispirms atrodot situaciju izsaucéjus, péc
kuriem tiek identificétas situacijas, un tad identificétajam situacijam
mekléjot iespéjamo elementu realizacijas. Pieméram, ja teikuma Uznémums
“Laima” iegaddjies raZoSanas tehniku 30 tikst. eiro apjoma $adi jamarke
semantiskas lomas, tad vispirms var atrast, ka vards iegadadjies izsauc
pirksanas/pardosanas situaciju, un péc tam - ka pirkSanas/pardosanas
situacijai ir pielaujams elements pircéjs (pieméra - uznémums “Laima”) un
elements pirkums (razosSanas tehnika).

Semantisko lomu markeésanas riks pirmaja faze ka pazimes izmantoja
atkaribu koka lomas, savukart otraja faze - gan lomas, gan sintaktiska koka
strukturalas Ipatnibas. Tapat atkaribu koka struktiira nosaka situaciju
elementu robeZas, ja situacijas elementu apraksta vairaki vardi. Apliikotaja
pieméra elements pirkums butu raZoSanas tehniku 30 tiikst. eiro apjomad,
markésanas riks ka situacijas elementu atzimétu tehniku un paréjie vardi ka

25 FrameNet projekta majaslapa https://framenet.icsi.berkeley.edu
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situacijas elementa sastavdalas ir identificéjami ka varda tehniku bérni vai
pécteci atkaribu koka.

Koreferen¢u risinasana (angl. coreference resolution) (piem.,
Znotins, Paikens, 2014) ir semantiskas analizes uzdevums, kas risinams
teksta ietvaros. ST uzdevuma mérkis ir identificét teikuma fragmentus -
pieminéjumus (angl. mention), kas atsaucas uz vienu personu vai lietu
(referentu). Pieméram, teksta Janis ir centigs jaunietis, vins vienmér izpilda
mdjasdarbus koreferencu risinasana bitu identificét, ka Jdanis un vinsir viena
referenta dazadi piemingjumi. Koreferencu risinasana ka pazimes tiek
izmantotas atkaribu struktiras ipatnibas.

Nosaukto entitaSu atpazisana (angl. named entity recognition)
(piem., Paikens et al., 2012; Znotins, Paikens, 2014) ir semantiskas analizes
uzdevums, kas risinams gan teikuma, gan teksta ietvaros. Si uzdevuma
meérkis ir identificét vietvardus, personu vardus, uznémumu nosaukumus
un citas nosauktas entitates (angl. named entity), kas ieklautas attiecigas
sistémas tverumazé, Nosaukto entitasu atpaziSana latviesu valodai pamata
izmanto Sablonus un nosaukumu sarakstus, ta¢u eksperimentu vajadzibam
ta tika papildinata ar sintaktisko pazimju lietojumu - atkaribu lomam un
atseviskam atkaribu struktiras Ipatnibam (pieméram, apskatamajai
virsotnei tuvakais priekstecis atkaribu koka, kurs ir lietvards).

Eksperimentu rezultati publicéti Pretkalnina et al. (2014). Aplikojot
vairaku semantikas riku rezultatus, tika secinats, ka dazadiem semantikas
uzdevumiem piemérotakas atkaribu reprezentacijas var atSkirties.

e Nosaukto entitaSu atpaziSanai sintaktisko pazimju izmantoSana
nedeva manamu rezultatu precizitates uzlabojumu, tapéc ir
iespéjams to lietot rikpliismas (angl. pipeline) pat pirms parsétaja.

e Koreferentu risinasana vislabakos rezultatus deva, izmantojot
parsétajus ar vienlidzigo teikuma loceklu atveidojumu
coordDEFAULT, par spiti tam, ka Sie parsétaji pasi par sevi deva
bttiski sliktakus sintaktiskas parsésanas rezultatus.

e Semantisko lomu atpaziSanas uzdevumam sintaktiskas informacijas
izmantosana deva bitisku uzlabojumu otraja soli, ti, meklgjot
situacijas elementus - Seit labakos rezultatus deva parsétajs ar
coordROW_NO_CON] vienlidzigo teikuma loceklu atveidojumu.
Tadéjadi, lai iegiitu ta briZa resursiem optimalus semantisko riku

darbibas rezultatus, nepietika izvéléties parsétaju ar augstakajiem
precizitates raditajiem pat tad, ja precizitates raditdji atSkiras par vairak
neka pieciem procentpunktiem (~10%). Tas parada, ka izvéle sintaktiski

26 LatvieSu valodai izstradatais nosaukto entitasu atpazinéjs ka nosauktas entitates
neatpazist datumus un laika identifikatorus, lai gan reizém ari $§ada informacija tiek
ieklauta atpaziSanas problematika.
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markétaja korpusa izmantot LVTB hibrido markéjuma modeli ir ]oti
veiksmiga- no Si attélojuma viegli var iegit dazadas atkaribu
reprezentacijas un tadejadi pielagot katram parsétaju lietojumam
vispiemeérotako atkaribu struktiru.

Taja paSa laika janem véra, ka rezultati tika giti no neliela datu
korpusa un apmacibas gaita bija vérojamas lielas rezultatu svarstibas - lai
gan tie attiecigaja pétljuma posma sniedza butisku ieskatu talakajai
pétijuma attistibai, nav drosi no tiem izdarit secinajumus par lieliem
korpusiem un citam parsésanas metodém.

2.3.2.4.2 Ieks$éjais novertéjums

Par atkaribu reprezentacijas piemérotibu dazadiem uzdevumiem var
spriest ne tikai péc precizitates noteiktu uzdevumu veikSana, bet ari péc ta,
cik precizi parsétaju sistéma iemacas tadu vai citadu noteiktas sintaktiskas
struktiiras reprezentaciju. Tapéc tika veikta otra eksperimentu sérija, kura
parsétaju rezultatos salidzina precizitati struktiiram ar neviennozimigu
reprezentaciju - sakartojuma konstrukcijam, saliktajiem izteicéjiem un
pieturzimju konstrukcijam. Rezultati publicéti (Pretkalnina, Rituma, 2014).

Parsétaju novertésanai tika uztaisita virkne eksperimentu un
rezultati tika salidzinati, izmantojot LAS, UAS un LA metrikas trijos veidos:

1. parsétaja rezultatiem kopuma;

2. intereséjosas frazes sastavdalam $adam frazu grupam (katrai grupai
atseviski):

e  pieturzimju konstrukcijam,

e  sakartojuma konstrukcijam,

. saliktiem izteicejiem;

3. frazu atkarigajiem $adam frazu grupam (katrai grupai atseviski):

e  pieturzimju konstrukcijam,

e  sakartojuma konstrukcijam,

o  saliktiem izteic€jiem.

Lai ieglitu uzskaitamas tekstvienibas 2. un 3. grupas metrikam, tika
izmantots korpusa originalais hibridais markéjums. Par frazes sastavdalu
tiek uzskatita:

a. tekstvieniba, kas hibridaja markéjuma ir marketa ka frazes
sastavdala,

b. tekstvieniba, kas tad, ja frazes sastavdala pati ir fraze, péc
transformacijas uz atkaribu reprezentaciju Kklist par apaksfrazi
reprezentéjosa apakskoka sakni.

Par frazes atkarigo tiek uzskatita:

a. tekstvieniba, kas hibridaja markéjuma ir marketa ka frazes
atkarigais,
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b. tekstvieniba, kas tad, ja frazes atkarigais ir fraze, péc transformacijas
uz atkaribu reprezentaciju klust par frazi reprezentéjosa apakskoka
sakni.

Apkopojot sastavdalu atpaziSanas precizitati dazadajiem frazes veida
konstrukciju atkaribu attélojumiem, tika novérots xpredDEFAULT un
pmcDEFAULT parsétaju parakums, kas apstiprinaja ari vispareéjos rezultatos
noveroto tendenci. Analizéjot sakartojuma konstrukciju sastavdalu
atpaziSanas rezultatus, bija novérojams, ka coordDEFAULT parsétaju
rezultati viennozimigi ir sliktaki. Si tendence atspogulojas ari visparéjos
rezultatos. Gan sastavdalu atpaziSanas, gan visparéjas precizitates testos
redzams Maskavas saimes atkaribu struktiru parakums- labakos
rezultatus sniedza coordROW un coordROW_NO_CON], tacu rezultati
neapliecinaja, ka kads no Siem attelojumiem biitu viennozimigi labaks neka
otrs.

Analizgjot frazu atkarigo atpaziSanu, gritibas sagadaja pieturzimju
konstrukciju un sakartojuma konstrukciju atkarigo elementu mazais skaits
korpusa - attiecigi 2,5 un 1% tekstvienibu?’, tapéc So atkarigo atpaziSanas
precizitate bija zema. Par vienlidzigo teikuma locek]u konstrukcijam nacas
secinat, ka korpusa apjoms tobrid bija parak mazs, lai pilnvertigi iemacitos
atskirt sakartojuma konstrukciju kopéjos atkarigos un viena koordinéta
elementa atkarigos, jo LA visiem sakartojuma konstrukciju atkarigo
atpaziSanas veidiem bija Joti zems (15-30%). Par pieturzimju konstrukciju
atkarigajiem janem véra, ka pmcDEFAULT gadijuma atbilsto$a atkaribu
apakskoka sakne ir saiklis vai pieturzime, bet pmcBASELEM apskatamais
koka struktiras fragments ir lidzigs gadijumiem, kad pieturzimju
konstrukcijas pamatelements tiek lietots ar tadu pasu atkarigo, bet arpus
pieturzimju konstrukcijas. Tapéc tika secinats, ka pietiekami liela korpusa
gadijuma lietot pmcDEFAULT tipa attélojumu teorétiski biitu informativak,
bet mazam korpusam (ka eksperimenta laika pieejamajam) ir labak lietot
pmcBASELEM, ko parsétajs vieglak iemacas.

Savukart, analizéjot salikto izteicéju atkarigos, kuriem piemeéru
korpusa ir vairak, atpaziSanas rezultati demonstré tendenci par labu
xpredDEFAULT. Tas kopa ar sastavdalu atpaziSanas un visparigajiem

27 Eksperimentu veik$anas bridi pieejamie dati LVTB bija sadi: 15,3% tekstvienibu
ietilpa sakartojuma konstrukcijas, 31,9% tekstvienibu - pieturzimju konstrukcijas
un 7,1% - saliktajos izteicéjos. Attiecigo frazu atkarigie bija salidzinoSi reti - visa
korpusa ir 1% sakartojuma konstrukciju atkarigo, 7% salikto izteicéju atkarigo un
2,5% pieturzimju konstrukciju atkarigo (par pieturzimju konstrukciju atkarigajiem
klist elementi, kas attiecinami uz visu teikuma dalu, nevis uz atsevisku teikuma
locekli, parasti atbilsto$i latvieSu valodniecibas teorijai tie ir situanti un
determinanti, ka ar1 daZu tipu paligteikumi).

40



rezultatiem skaidri liecina par labu xpredDEFAULT tipa attélojumu
izmantoSanai.

Parsétaju varianti, kuriem par labu liecina atsevisko valodas
paradibu analize, ir starp labakajiem ar1 visparigajos testos. Salidzinot ar
parsétaju visparigajiem rezultatiem, kas iegiti iepriekséja eksperimentu
sérija (sk. 2.3.2.4.1.sadalu un (Pretkalnina et al, 2014)), vérojams, ka
korpusa maza apjoma de] rezultatiem raksturiga diezgan augsta
nestabilitate, tacu kopuma Sie sakotnéjie pétljumi deva veértigu ieskatu
parsétaju bivesana un palidzéja sagatavoties nakamaja nodala
aprakstitajiem pétijjumiem.
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3 LatviesSu valodas Universalo atkaribu korpuss

2014.gada, par pamatu nemot Universal Dependency Treebank
projektu (McDonald et al., 2013) un HamleDT projektu (Rosa et al., 2014),
rodas Universalo atkaribu (Universal Dependencies, UD) iniciativa - Joakima
Nivres (Joakim Nivre) Kkoordinéts projekts ar mérki piedavat
valodneatkarigu (angl. language-independent) ietvaru sintaktiski markétu
korpusu veidosanai28. UD iniciativa par savu mérki izvirza markejumu ar
augstu lingvistisko precizitati, markéjuma saskanotibu dazadam valodam
(angl. cross-lingual consistence), piemérotibu atrai manualai un
automatiskai markéesanai, pieejamibu (saprotamibu) potencialajiem datu
izmantotajiem arpus lingvistu loka, ka arl noderigumu talakai izmantoSanai
valodas sapratnes (angl. natural language understanding) rikos (Nivre et. al,,
2016). ST mérka sasnieg$anai UD iniciativa izstrdda vadlinijas atkaribas
balstitam markéjuma modelim, definé izmantojamas lomas un
morfologiskas kategorijas, ka ari iesp&jas veidot valodspecifiskus (angl.
language-specific) modela paplasinajumus un vadlinijas. Reizi pusgada
publicéjot jaunu datu versiju, iniciativa veidotais datu klasts tiek strauji
attistits: UD versija 1.2 2015. gada novembri ir ieklauti 37 korpusi 33
2022. gada novembri - 243 korpusi 138 valodam?°.

Daliba UD iniciativa ar vadlinijam atbilstoSi marketu latvieSu valodas
korpusu paplasina dazadas pétijumu un izmantojuma iespéjas - modela
valodneatkariba lauj lietot latvieSu valodas datus kopa ar citu valodu datiem
salidzinos$ajos pétijumos, ka ari izmantot dazadus citu pétnieku izstradatus
rikus, kas paredzeéti Sim gramatikas modelim un datu formatam. Sintaktiski
markeéts korpuss, kas izmantojams parsétaju apmacibai, ir biitisks 31 darba
mérkis, un Sis mérkis salagojas ar UD noltku labi derét atrai automatiskai
markeésanai. Savukart UD orientacija gan uz lingvistisko precizitati, gan
lietojamibu valodas sapratnes uzdevumos atbilst 2.3.2.4. sadala fiksétajai
nepieciesamibai sintaktisko reprezentaciju izveléties ne tikai t3, lai to biitu
viegli iemacities parsétajam, bet arl t3, lai parsétaja dotie rezultati bitu
pietiekami informativi talakai izmantoSanai. Tapéc tika nolemts izpétit
iespéjas veidot pielagotu transformaciju, kas lautu “LatvieSu valodas
sintaktiski markéta korpusa” (Latvian Treebank, LVTB) datus publicét UD
iniciativas ietvaros.

28 UD iniciativas majaslapa https://universaldependencies.org/
29 UD v2.11 pieejama LINDAT repozitorija http://hdLhandle.net/11234/1-4923
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3.1 Korpusaizveide

Pirmo reizi kopa ar citiem UD korpusiem korpuss latvieSu valodai
(Latvian UD Treebank, UDLV-LVTB) publicéts versija 1.3 2016. gada maija
(Pretkalnina et al., 2016). Sakotnéja versija korpusa bija aptuveni tiksto$
teikumu (LVTB zinu tekstu dala), taCu versija 2.0 tiek publicéts transformeéts
viss tobrid marketais LVTB materials. 2022. gada novembra versija 2.11
UDLV-LVTB Kkorpusa apjoms ir sasniedzis 285 tiikstoSus tekstvienibu un
16,9 tukstoSus teikumu.

UDLV-LVTB satur $adu markéjumu (iekavas doti atbilstoSo lauku
nosaukumi UD izmantotaja CoNLL-U tabularaja datu formata):

e teksts ir sadalits tekstvienibas un teikumos;

e Kkatrai tekstvienibai ir noradita pamatforma (LEMMA - vélams, bet
neobligats lauks atbilstosi UD vadlinijam);

e katrai tekstvienibai ir noradita morfologiska informacija -
morfologiskais tags no originala markéuma (XPOS - vélams, bet
neobligats lauks), vardSkiras identifikators atbilstoSi UD
specifikacijai (UPOS - obligats lauks) un morfologisko pazimju
izvérsums atbilstosi UD specifikacijai (FEATS - vélams, bet neobligats
lauks);

e teikuma ietvaros atkaribu struktira - katrai tekstvienibai noradits
tas vecaks atkaribu koka (HEAD - obligats lauks) un atkaribas tips jeb
sintaktiska loma (DEPREL - obligats lauks);

e sakot ar versiju 2.1, teikuma ietvaros tiek noradita ari paplasinata
atkaribu struktiira, kas satur talakai izmanto$anai valodas sapratnes
uzdevumos noderigas papildu saites (DEPS - vélams, bet neobligats
lauks).

Markéjums tiek iegits, LVTB datus apstradajot ar speciali UD
vajadzibam raditu transformaciju LVTB2UD. Tas lauj viegli papildinat UD
korpusu, kad LVTB tiek papildinats ar jauniem datiem. Transformacijas
pirmkods ir pieejams tieSsaisté 30. Parejot no versijas 1.4 uz 2.0, UD
vadlinijas tiek veiktas biitiskas izmainas un precizéjumi, un transformacija
tiek atbilstoSi atjauninata. Turpmak, ja nav noradits citadi, tiek aprakstita
transformatora darbiba atbilstosi jaunakas versijas (2.11) vadlinijam.

3.1.1 UDLV-LVTB izveides transformacija

UDLV-LVTB ir likumos balstita transformacija, kas balstas
2.3.2.3.sadala aprakstitaja pieredze, tacu atSkiriba no sakotnéjam

30 GitHub repozitorija CorporaTools mape LVTB2UD
https://github.com/LUMII-AlLab/CorporaTools/tree/master/LVTB2UD
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transformacijam $1 nav parametriska, ta veidota ka likumu komplekss, kura
meérkis ir maksimali precizi aprakstit, ka katra no LVTB konstrukcijam
(dazadu tipu frazes, atkaribas) parveidojama UD konstrukcija, ieskaitot gan
atbilstosu lomu piekarto$anu, gan strukturalas izmainas.

LVTB2UD ieejas datus apstrada teikumu pa teikumam, katram
teikumam veicot talak aprakstitas apstrades darbibas. Katra teikuma
apstrade ir algoritmiski neatkariga no iepriek$éjo un talako teikumu
apstrades.

3.1.1.1 Dalijums tekstvienibas

Pirmais solis katra teikuma apstradé ir izsecinat, vai LVTB dalijjums
tekstvienibas atbilst UD vadlinijam, un, ja n€, tad radit izmainito dalijjumu
tekstvienibas. AtSkiribas ir retas, un tas iedalamas divas grupas:
redakcionalu klidu labojumi un “vardi” ar atstarpém.

Redakcionalas kludas, pieméram, liekas garumzimes (piem., gribas)
un nepareizi kopa vai atseviski sarakstiti vardi (piem., ja dara, kautkas),
LVTB, parnemot PDT praksi, tiek labotas viena PML (sk. 2.2.1. sadalu) limen1
ar morfologisko markéjumu (taja pasa faila), bet sintaktiskais mark&jums
tiek veidots nakamaja limeni (cita faila) jau izlabotajam tekstam. UD
metodika savukart paredz izmantot tekstu ar visam redakcionalajam
kladam un lieki atdalitu vardu (ja dara) savienoSanai ievie§ atkaribu lomu
goeswith. Ta ka LVTB satur gan informaciju par originalo tekstu, gan par
redakcionala labojuma veidu, tad $aja soli tiek rekonstruéts originalteksts
un vajadzibas gadijuma ar1 pievienotas goeswith saites. Par tadam klidam
ka izlaisti komati, kam UD nespecificé noradisanas veidu, tiek ievietoti
kodificeti komentari atbilstoSas tekstvienibas lauka MISC, kas paredzéts
nespecificétas informacijas nodosanai. Tacu nakotné $is atainojums var
mainities, ja UD specificé vienotu veidu $adas informacijas noradiSanai.

Sakotnejas LVTB un UD versijas bija plasa nesaderiba “vardu” ar
atstarpém lietojuma - UD tadus nepielava vispar, savukart LVTB tos lietoja
daudzviet - ar cipariem rakstitu skaitlu (10 000), saliktu saiklu un partikulu
(lai gan) un saisinajumu (u. ¢.) attélojuma. Tacu lidz ar versiju 2.0 LVTB un
UD pieejas kluva daudz tuvakas: UD ieviesa vadlinijas iesp€ju lietot “vardus”
ar atstarpém ar nosacijumu, ka tie ir wuzskaititi valodspecifiskaja
dokumentacija ar regularajam izteiksmém, savukart LVTB UD ietekmeé
atteicas no saliktu saiklu un partikulu attéloSanas par vienotam
tekstvienibam. Ta rezultata gan LVTB, gan UDLV-LVTB ka tekstvienibas ar
atstarpéem lieto tikai atseviSkus saisinajumus (P.S., N.B. un tadus
saisinajumus ka w.c., v.tml, ja tie pierakstiti ar atstarpi) un ar cipariem
pierakstitus skaitlus, un S$aja aspekta ipaSa parveidoSana vairs nav
nepiecieSama.
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3.1.1.2 Sakotnéja morfologiska informacija

Nakamais solis ir aizpildit morfologijas laukus LEMMA, XPOS, UPOS
un FEATS. Laukus XPOS un LEMMA attiecigi aizpilda ar LVTB doto
morfologijas tagu un lemmu. Laukus UPOS un FEATS aizpilda atbilstosi
valodnieku izstradatiem likumiem, kas par ieejas datiem izmanto lemmu un
tagu. Atseviskos gadijumos i informacija nav pietiekama, lai noteiktu UPOS:

e UD ir nepiecieSsams LVTB vietniekvardu dalijums determinétajos
(DET, vietniekvards, kas aizstaj ipaSibas vardu, ta madja) un
vietniekvardos (PRON, vietniekvards, kas aizstaj lietvardu, tas ir
vins), kamér LVTB $adu dalijjumu nedod, jo latviesu valoda tas biezi
netiek izteikts ar morfologiskiem raditajiem;

e UD prasa skirt apstakla vardus, kas ievada paligteikumus (SCONJ), no
citiem apstakla vardiem (ADV), kamér LVTB $§adu dalijumu nedod, jo
latviesu valoda tas netiek izteikts ar morfologiskiem raditajiem;

e UD prasa iespraudumiem no citam valodam noradit vardskiru, kadu
tie aizstaj dotaja teikuma, savukart LVTB Sadus gadijumus marke ka
bezmorfologijas elementus.

Kolonnas FEATS aizpildijumu pamata nosaka morfologiskaja taga
ieklautas pazimes, tacu atseviskos gadijumos pazimes pieskir, ar1 vadoties
péc lemmu uzskaitijuma, pieméram, vairumam ipasibas vardu pazime Poss
(possesive, piederiba) netiek aizpildita, tacu to norada vardiem manéjais,
tavéjais. UD ari piedava vairakas pazimes un pazimju veértibas, kas latviesu
valodai nav saistosas, jo neparadas ka morfologiskas kategorijas, pieméram,
Animacy vai Case=Erg. Lai labak varétu izsecinat dazas pazimes, tika
papildinats ar1 LVTB izmantotais markéjums - divdabju markéjums tika
papildinats ar pakapes un nolieguma noradém, tadejadi daliba UD iniciativa
ietekme ar1 hibridmode]a attistibu.

Sis morfologiskas markésanas solis kopa ar iepriek$éja sadala
aprakstito daliSanu tekstvienibas ir veicams ari tad, ja tekstam pieejams
tikai morfologiskais, bet ne sintaktiskais markéjums. Tadéjadi $ie riki ir
lietojami, ari lai padaritu morfologiska tagotaja (Paikens et al, 2013)
rezultatus pieejamus starptautiskiem projektiem.

3.1.1.3 UD sintaktiskas struktiiras

Transformacijas svarigakais solis ir UD sintaktisko struktiiru
secinasana no pieejama LVTB markéjuma.

Salidzinot UD pamata atkaribu koku ar LVTB markéjumu, konstatéts,
ka (1) LVTB lietotas atkaribu attieksmes atbilst UD atkaribu saiknem, (2)
LVTB frazém lidzigas konstrukcijas parsvara atbilst saistitiem kokveida
fragmentiem UD koka un (3) LVTB frazem lidzigo konstrukciju atkarigie
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atbilst attiecigo UD koka fragmentu saknes atkarigajiem. Tapéc
transformaciju var veidot ka rekursivu algoritmu, kas katru frazes veida
konstrukciju vai atkaribu parveido, izmantojot tas tuvakaja apkaime
pieejamo informaciju. Izstradatas transformacijas pamats ir koka
apstaigasana (angl. tree travesal), vispirms rekursivi apstradajot katras
virsotnes bérnus (gan atkarigos, gan, ja ta ir frazes virsotne, ar1 frazes
sastavdalas) un tad pasu virsotni (angl. postorder travesal).

Apstradajot katru virsotni, tas atkarigajiem tiek pieskiras UD
atkaribu lomas, vadoties gan péc atkarigo LVTB lomam un morfologiskajam
pazimém, gan péc vecaka morfologiskajam pazimém. Apstradajot frazém
lidzigo konstrukciju virsotnes, tiek izveidots atbilstoSais atkaribu koka
fragments, ka arl katrai konstrukcijas sastavdalai pieskirta UD atkaribu
loma, vadoties péc tas LVTB lomas un morfologiska markéjuma, ka ari frazei
lidzigas konstrukcijas kopéja markejuma - tipa, lomas teikuma un frazes
morfosintaktiska markéjuma.

Tuksas virsotnes vardu izlaidumu markésanai jeb redukcijas
virsotnes tiek apstradatas sadi:

1. redukcijas virsotnes bez atkarigajam virsotném uz UD parveidotas
netiek;

2. redukcijas virsotném ar atkarigajam virsotném - viens no
atkarigajiem atbilstosi to potencialajam UD lomam tiek izvéléts par
reducétas vienibas aizvietotaju, So virsotni pakarto reducétas
vienibas vecakam un tai pakarto parejos reducétas vienibas
atkarigos.

Darba gaita tiek izstradats detalizéts LVTB un UD izmantoto lomu
savstarpéjais kartéjums (angl. mapping; Saja gadijuma - attélojums “daudzi
pret daudziem”)31, tacu tiek arl secinats, ka atseviskos gadijumos LVTB
markéjums nelauj precizi noteikt UD lomu. (Pretkalnina et al., 2016)

UD wvadliniju 2.0.versija apraksta neobligati pievienojamu
papildmarkeéjumu, kas talak atvieglotu UD datu izmantoSanu dazados
programmiskos lietojumos - ta sauktas paplasinatas atkaribas (angl.
enhanced dependencies). Vadlinijas piedava markéjuma iek]aut piecu veidu
papildinformaciju, katrs no papildinformacijas elementiem ir neobligats:

1. tuksas (angl. null) virsotnes, kas reprezenté reducétus izteicéjus
(angl. elided predicates);

2. Skautnes, kas sasaista katru no vienlidzigajiem teikuma locekliem
ar to kopigo vecaku un kopigajiem atkarigajiem (pamata atkaribu

31 LVTB majaslapa http://sintakse.korpuss.lv/ tiek uz katru versiju publicéta
jaunaka versija, darba rakstiSanas bridi ta ir
http://sintakse.korpuss.lv/docs/v2-11/LV2UD mapping.pdf
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koka $ada tiesa Skautne ir tikai pirmajam no vienlidzigo loceklu

virknes);

3. Skautnes, kas norada kontrolétos un paceltos teikuma priekSmetus
(angl. controlled/rised subjects), pieméram, teikuma vins grib ést
teikuma priekSmetu vins sasaista ne tikai ar grib (Skautne
pamatkoka), bet ari ar ést un teikuma pavelkot virvi, vina atséja
mezglu teikuma priekSmetu vina sasaista ar1 ar pavelkot;

4. papildu skautnes, kas sasaista paligteikumu ievadosus attieksmes
vietniekvardus ar virsteikuma locekli, uz kuru vietniekvards referg;

5. loma ietverama papildinformacija:

a) locijums vai prievards var tikt pievienots nevalenta nominala
teikuma locekla lomai, pieméram, nmod:loc lietvardam
lokativa;

b) paligteikumu ievadosais apstakla vards var tikt pievienots
paligteikuma lomai, pieméram, advcl:kad apstakla
paligteikumam, ko ievada apstakla vards kad.

Analizejot vadlinijas un LVTB markéjumu, tika secinats, ka bez
papildu koreferencu markesanas 4. punktu izpildit nav iespéjams, jo LVTB
markéjuma ipasi nav atzimeéts, vai vietniekvardi un apstakla vardi ievada
paligteikumu vai ne. S1 pa$a iemesla dé] 5. punkta nosacijumus ir iespéjams
izpildit tikai daléji - tiek noradita tikai informacija par locijumiem un
prievardiem (a), bet ne paligteikumus ievadosie apstakli (b).

Paplas$inato atkaribu vadliniju 1. punktu realizét Jauj LVTB izmantota
reducéto elementu attéloSanas stratégija, kas ietver tuks$u virsotnu
veidoSanu izlaisto elementu vieta, savukart 2.punktam nepiecieSamo
informaciju nodroSina tas, ka LVTB vienlidzigus teikuma loceklus attélo ar
frazei lidzigu konstrukciju, tadéjadi noskirot atseviska vienlidziga locekla
atkarigos no kopéjiem atkarigajiem.

LVTB saliktajiem izteicéjiem izmantota frazes veida konstrukcija
xPred lauj iegiit butisku dalu 3. punktam nepiecieSamo saiknu, jo ta grupé
kopa garakas izteic€ju virknes, pieméram, [vins] gribéja gulét. Tacu latvieSu
valoda ari divdabju konstrukcijam var biit ar attiecigas teikuma dalas
izteicéju kopigs teikuma priekSmets, pieméram, teikumos madte sakas par
délu neko nezinam (Kalnaca, Lokmane, 2018) un Zavadamies vins$ piecelds.
Sadas situacijas pieejamais LVTB markéjums nelauj nogkirt no teikumiem,
kuros divdabim ir cits, nokluséts, teikuma priekSmets, pieméram, redzéju
listam un aizkerot trolejbusa vadus, cirka éka var sabrukt. Neskaidras
situacijas paplasinato atkaribu grafa Skautnes netiek pievienotas, lai
neraditu klidainu markéjumu.

Sakotnegji transformacija tika projektéta tikai pamata atkaribu koka
izveidei. Péc UD v2 specifikacijas publiskoSanas ta tika papildinata ar
funkcionalitati, kas nepiecieSamas LVTB redukcijas virsotnes parveido par
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UD paplasinato atkaribu redukcijas virsotném, lai tas kopa ar pamata
atkaribu koku veido paplasinato atkaribu “mugurkaulu”, un péc tam
izveidoto “mugurkaulu” papildina ar nepiecieSamajam papildsaitéem
(Pretkalnina et al., 2018), izmantojot “mugurkauld” jau esoSo informaciju.
Sads risindjums izradas neoptimals, jo butiba tas nozimé ka no
informativakas datu struktiras (LVTB originalais koks) tiek izveidota
mazak informativa struktiira (UD pamatkoks), kurai péc tam japievieno
informacija, lai iegitu paplaSinato atkaribu grafu. Tapéc projekta
“Daudzslanu valodas resursu kopa teksta semantiskai analizei un sintézei
latvieSu valoda” (FullStack-LV) laikda (sk. 3.2.1.sadalu) pirms UD v2.4
versijas transformators tiek parstradats (Gruzitis et al., 2018) ta, lai katra
LVTB koka apstaigasanas soli tiktu izveidotas visas pamata un paplasinato
atkaribu saites uz lidz Sim apstradatajam virsotnem32.

Péc uzlabojumiem parveides algoritms darbojas talak minétajos
so]os.
1. Prieksapstrade:

1.1. AugSupejosa veida apstaigajot koku, tiek sastadits kartéjums (Saja
gadijuma - attélojums “viens pret daudziem”), kura virsotnu
identifikatori norada uz sarakstiem ar vienlidzigajiem teikuma
locekliem un vienlidzigajam teikuma dalam, no ka attiecigas
virsotnes sastav.

1.2. Lejupejosa veida apstaigajot koku, tiek sastadits kartéjums (Saja
gadijuma - attélojums “viens pret daudziem”), kura teikuma
priekSmetu / teikuma priekSmeta paligteikumu virsotnu
identifikatori norada uz sarakstiem ar virsotném, uz kuram
attiecigas virsotnes attiecinamas ka teikuma priekSmets vai
teikuma priekSmeta paligteikums. Sakotnéji katra $ada saraksta
ieklauj virsotnes péc LVTB tieSajam saitém, tad to papildina ar
salikto izteic€ju dalam, ja attieciga virsotne saistita ar saliktu (t.i.,
vairakvardu) izteicéju. Virsotnes katra iegiitaja saraksta tiek
sakartotas péc to dziluma koka3, t.i., péc ta, cik gars ir 1sakais cel$
no saknes lidz attiecigajai virsotnei.

2. Koka apstaigasana un UD struktiiras izveide, apstradajot katru virsotni:

2.1. Pirms kartejas virsotnes apstradasanas rekursivi tiek apstradati
visi tas atkarigie, un, ja ta ir frazes veida konstrukcijas virsotne, tad
ari tas sastavdalas.

32 GitHub repozitorija CorporaTools mapé LVTB2UD klase NewSyntaxTranslator
https://github.com/LUMII-
AlLab/CorporaTools/blob/9e0786fe7713528d47e0aaeb7123e1f4fba2591a/LVTB
2UD/src/lv/ailab/lvtb /universalizer/transformator/syntax/NewSyntaxTransform

ator.java
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2.2,

2.3.

2.4.

Tiek noskaidrots, kura tekstvieniba reprezenté doto virsotni

pamata atkaribu koka un kura - paplasinataja grafa:

2.2.1.ja ta ir redukcijas virsotne, tad tiek izdarita “redukcijas
transformacija” - tiek izanalizeti atkarigie un noteikts, kurs
no tiem klus par vecaka aizvietotaju pamata atkaribu koka, ka
ar1 tiek izveidota tuk$a virsotne paplasinatajam atkaribu

grafam;
2.2.2.ja ta ir frazes veida Konstrukcijas virsotne, tiek izdarita
“frazes transformacija” - tiek izanalizétas sastavdalas,

izveidotas UD grafa Skautnes starp tam un noteikts, kura no
sastavdalam Kklist par So frazi reprezentéjosa UD koka
fragmenta sakni - pamatkoka frazi reprezentés attiecigajai
sastavdalai atbilstosa (ieprieks€jos solos rekursivi noteikta)
tekstvieniba un paplasinataja grafa - ta pati tekstvieniba vai
tuksa virsotne, ja ta ir izradijusies redukcijas virsotne;
2.2.3.ja ta ir vienkarSa tekstvienibas virsotne, tad gan UD
pamatkoka, gan paplaSinataja grafa to reprezente atbilstoSa
tekstvieniba.
Gan pamatkoka, gan paplasinataja atkaribu grafa tiek izveidotas
atkaribas starp apstradajamas virsotnes atkarigajiem elementiem
(tos parstavosajam UD virsotném) un $o virsotni parstavosajam
UD virsotném. Apstradajot atkarigos, kam 1.2. punkta izveidotaja
kartéjuma ir noraditi papildu vecaki, tiek novilktas ari paplasinata
atkaribu grafa skautnes uz tiem.
Paraléli katru reizi, kad tiek veidota Skautne, tiek aplikots
1.1.punkta Kkart€jums un izveidotas visas nepiecieSamas
paplasinata atkaribu grafa saites starp toposas atkaribas vecaka
un bérna vienlidzigajiem elementiem. Saiknu lomas tiek noteiktas
péc virsotnu apkaimes koka, vecaka un bérna morfologiskajam
ipasibam un apstrades konteksta (frazes, redukcijas vai atkaribas
apstrade).

Koka apstrades beigas izveidota koka saknes virsotnei tiek pieskirta
speciala loma root.

3.1.1.4 Morfologijas pécapstrade

Péc tam, kad ir iegiita UD sintaktiska struktiira, ir iespéjams precizét

morfologisko markéjumu - galvenokart, mazinat nepareizi pieskirto PRON
instancu skaitu, parmarkejot par vardskiru DET tos vietniekvardus, kas UD
sintaktiskaja struktiira nokluvusi determinétaja loma det.
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3.1.1.5 Salidzindjums ar iepriekséjo eksperimentu
transformacijam

Ta ka UD pamatatkaribu struktiira ari tiek iegiita, LVTB frazes veida
struktiiras parveidojot par saknotiem apakSkokiem, tad $aja sadala
aprakstitas transformacijas strukturalos aspektus ir iesp€jams salidzinat ar
2.3.2.3. sadala aprakstitajam transformacijam:

e pieturzimju konstrukcijas tiek transformetas tapat ka pmcBASELEM
transformacija (B);

e vienlidzigie teikuma locekli tiek transformeéti atbilsto$i stratégijai
coord3_LEVEL (2.3.2.3.2) ar niansi gadijumos, ja garaku vienlidzigu
teikuma dalu virkni atdala semikols - UD abpus semikolam esos$as
vienlidzigo teikuma dalu virknes liek apstradat ka atseviSkas virknes
un tad pakartot vienu otrai;

o saliktie izteicéji ar paligvardu bit sastata izteic€ja vai salikta laika
konstrukcija, ka ar1 ar paligvardiem tikt un tapt salikta laika
konstrukcija tiek transforméti tapat ka xpredBASELEM stratégija, bet
paréjie - xpredDEFAULT;

o frazes veida konstrukcijas, kas sastav no viena funkcionala varda un
viena pilnnozimes varda, pieméram, prievardiskas konstrukcijas
xPrep (uz galda, aiz stira), tiek transformeétas otradi neka
2.3.2.3. sadala aprakstitajas stratégijas - tur par frazes sakni klast
funkcionalais vards, bet UD - pilnnozimes.

Salidzinot ar 2.3.2.4.sadala novéroto, var redzéet, ka vairums UD
transformacijas elementu ir tadi, ko parsétajiem ir vieglak iemacities, tapéc
datu parvérsana UD formata palidz sasniegt promocijas darba mérki - iegit
augstakas precizitates parsétaju latviesu valodai.

3.1.2 UDLV-LVTB kvalitativais novértéjums

Raksta Pretkalnina et al. (2018) veikts manuals paraugkopas
izvértéjums, kas lauj spriest par transformacijas kvalitati. Cilvékresursu
ierobezojumu dél izvertéjums ir salidzinosi neliels, 1idz ar to nav uzskatams
par augsti reprezentativu, tacu par spiti tam sniedz vértigu ieskatu
transformacijas rezultatu kvalitaté. Tiek parbauditi 60 teikumi (aptuveni
800 tekstvienibu, teikumi izvéléti, proporcionali atspogulojot korpusa
parstavétos teksta Zanrus) un atrastajam UD markéjuma klidam tiek
noteikts, vai tas radu$as klidaina originalmarkéjuma dél, transformacijas
nepilnibu dé] vai ari tapéc, ka LVTB nav informacijas, kas lautu noteikt
pareizas saites un to lomas.

Pamata atkaribu kokos tiek identificétas 19 nepareizas saites / saiSu
lomas, t.i. transformacijas LAS ir 97,6%, kas uzskatams par loti labu
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rezultatu. No atrastajam problémam tikai viena ir tapéc, ka LVTB nesatur
nepiecie$amo informaciju, savukart sesas - originaldatu kliidu dél. Paréjas
12 uzskatamas par uzlabojamam transformacijas klidam.

Tajos paSos datos tiek novertéta arl paplasinato atkaribu grafu
kvalitate, tacu, to darot, sakara ar paplasinato atkaribu neobligato raksturu
ka kludas netiek skaititas paplasinato atkaribu saiSu grupas, kas vispar
netiek markéetas, ti., 3.1.1.3.sadala aprakstitas paplasinato atkaribu
specifikacijas grupas 4 un 5(b). Tiek identificétas tris kliidas originaldatu
klidu dél, astonas paplasinato atkaribu saites ar nepareizam lomam (visam
pievienots nepareizs locijums vai prievards - paplasinato atkaribu
specifikacijas grupa 5(a)) un 15 triukstoSas vienlidzigo teikuma loceklu vai
teikuma priekSmetu saites (attiecigi paplasinato atkaribu specifikacijas
grupas 2 un 3). Lai gan testa datos netiek konstatéeti gadijumi, kad kludas
butu radusas tapéc, ka LVTB nesatur nepiecieSamo informaciju, nav ticami,
ka $adu gadijumu nav vispar, tacu var spriest, ka tie ir salidzinosi reti.

Veiktais novértéjums ir neliela apjoma datiem, tacu lauj pozitivi
raudzities uz transformacijas precizitati. Turklat 3.1.1.3. sadala aprakstita
transformatora parveide pirms UD v2.4 ir tieSi orientéta uz butiskako
trikumu uzlabo$anu - ta butiski uzlabo ar vienlidzigiem teikuma locekliem
un teikuma priekSmetiem saistito paplasinato atkaribu saiSu pieskirSanas
mehanismu, tadéjadi samazinot iespéjamo klidu apjomu.

3.2 Korpusa nozime un ietekme

Saja sadala aprakstita UDLV-LVTB talakia izmanto$ana- gan
pétijumu projektos, gan latvieSu valodas parsétaju biivésanai.

3.2.1 Korpusa dati ka pamats talakiem pétijumiem

2017.-2019. gada LU MII sadarbiba ar zinu agentiiru LETA istenoja
projektu “Daudzslanu valodas resursu kopa teksta semantiskai analizei un
sintézei latviesu valoda”33 (FullStack-LV), kura bitiska nozime ir UDLV-
LVTB. Projekta laika tika radits 10 tikstoSus teikumu liels, lidzsvarots
teksta korpuss, kas ir markéets gan sintaktiski, gan vairakos limenos
semantiski, izmantojot pasaulé plasi aprobétas sintaktiskas un semantiskas
reprezentacijas, kas tika pielagotas latvieSu valodai. Teikuma semantiku (sk.
1. attélu) Saja korpusa attélo, izmantojot FrameNet (Ruppenhofer, 2010) un
PropBank (Bonial et al., 2014) modelus, bet teksta semantikas attélosanai
izmanto abstraktas nozimes reprezentacijas (angl. abstract meaning

33 Eiropas Regionalas attistibas fonda (ERAF) praktiskas ievirzes pétijums
1.1.1.1/16/A/219
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representation, AMR) (Banarescu et al., 2013) modeli. Tapat korpusa markée
ari nosauktas entitates (angl. named entities) un koreferences.

FrameNet un PropBank limeni tiek marketi péc UD pieejas sintaktiski
marketa korpusa. UD korpuss tiek automatiski atvasinats no LVTB, kas tiek
markéets manuali atbilstosi 2.1. sadala aprakstitajam gramatikas modelim
(sk. 8. attelu). Paraleli tiek publicétas abas sintaktiski marketa korpusa
versijas. Tadejadi LVTB ir balstiti visi nakamie markeéjuma limeni FullStack-
LV daudzslanu valodas resursu kopa. Projekta ietvaros tika butiski
paplasinata un uzlabota LVTB2UD transformacija, ka ari pats LVTB tika
paplaSinats lidz 13,6 tikstoSiem teikumu (Gruzitis et al., 2018). Viens no
butiskakajiem projekta sasniegumiem ir integréta plasa izmantojuma
rikkopa dazadiem latvieSu valodas sapratnes (angl. natural language
understanding, NLU) uzdevumiem NLP-PIPE34, kura vienota, konfiguréjama
apstrades rikplisma (angl. pipeline) apkopotas nepieciesamas NLU
komponentes, kas ir apmacitas ar FullStack-LV datiem (Znotin$, Cirule,
2018; Gruzitis, Znotins, 2018; Paikens, 2017).

Abstract Meaning Representation ’

Coreferences
Named entities

Universal Dependencies J

Ve

FrameNet }‘ PropBank ’

-

-
8. attéls. FullStack-LV daudzslanu teksta korpuss: zemak attélotie
reprezentacijas slani tiek izmantoti par pamatu augstak attéloto slanu
veidoSanai (sk. plasaku kontekstu 1. att.)

LVTB un UDLV-LVTB reprezentaciju un korpusu pilnveide tiek
turpinata 2020.-2024.gada Valsts pétijumu programmas “Humanitaro
zinatnu digitalie resursi” 35 un “Letonika latviskas un eiropeiskas

34 Pirmkods pieejams GitHub repozitorija
https://github.com/LUMII-AlLab/nlp-pipe,

lejuplade pieejama Clarin.lv repozitorija http://hdl.handle.net/20.500.12574/4,
demonstracija pieejama https://nlp.ailab.lv

35 Projekts "Humanitaro zinatnu digitalie resursi: integracija un attistiba” Valsts
pétljumu programmas "Humanitaro zinatnu digitalie resursi" ietvaros,

projekta Nr.: VPP-IZM-DH-2020/1-0001
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sabiedribas attistibai” 3¢ atbilsto$i jaunakajam UD vadlinijam un
jaunakajiem uz LVTB balstitajiem latviesu valodas gramatikas pétijumiem.
Korpusu LVTB un UDLV-LVTB apjoms tiek palielinats lidz 17 tiikstoSiem
teikumu, kas ari apliecina resursa nozimibu.

3.2.2 Latviesu valodas parsétaju attistiba

Vesturiski nozimigs punkts latvieSu valodas parsétdju attistiba ir
2016. gads, kad Google publisko SyntaxNet bibliotéku un parsétaja modelus
40 valodam, kas apmaciti, izmantojot UD v1.3. Biblioteka un moduli ir brivi
pieejami3’, un 40 valodu skaita ir ari latvieSu valoda - $1 ir pirma reize, kad
parséetaju latvieSu valodai buve starptautiski atzita citvalstu pétnieku grupa,
par pamatu izmantojot Latvija sagatavotos datus. Latviesu valodas
parséSanas modulis ir apmacits, izmantojot 3985 tekstvienibas lielu
korpusu38, un dod 58,92% UAS, 51,47% LAS3°. Anglu valodai SyntaxNet dod
jaunu rezultatu rekordu (Andor et al,, 2016).

2017. gada jau notiek parsétaju veidosanas sacensibas CoNLL 2017
Shared Task: Multilingual Parsing from Raw Text to Universal Dependencies
(Zeman et al., 2017), kuras ka datus izmanto UD v2.0 45 valodam, tai skaita
latvieSu valodai. Labakos rezultatus40 latvieSu valodai uzrada sacensibas
uzvareéjusais parsétajs Stanford - tas sasniedz 79,26% UAS un 74,01% LAS
(Dozat et al., 2017). Labus rezultatus uzrada arl otrs labakais parsétajs
C2L2 - 77,43% UAS un 71,35% UAS (Shi et al., 2017). Saja pa$a gada latviesu

36 Projekts “Misdienu latvieSu valodas izstrade un valodas tehnologiju attistiba
(LATE)” Valsts pétijumu programmas “Letonika latviskas un eiropeiskas sabiedribas
attistibai” ietvaros, projekta Nr.: VPP-LETONIKA-2021/1-0006

37 Apmacitie moduli ir atrodami GitHub repozitorija tensorflow models repozitorija
vesture:
https://github.com/tensorflow/models/tree/a5d45f2ed20effaabc213a2eb9def29
1354aflec/syntaxnet

38 UD vadlinijas https://universaldependencies.org/release checklisthtml#data-split

nosaka, ka katrs korpuss tiek publicéts, noradot kanonisko datu sadalijumu
apmacibas, kalibréSanas un novértéSanas datu kopas, un rekomendé teikumus
dazadas versijas neparvietot starp sadalijuma kopam. UDLV-LVTB $o rekomendaciju
pilda, proporcionali palielinot visas dalijuma kopas, ja tiek publicéta lielaka korpusa
versija.

39 Rezultatu parskats ir atrodams GitHub, tensorflow models repozitorija vésture:
https://github.com/tensorflow/models/blob/a5d45f2ed20effaabc213a2eb9def29
1354aflec/syntaxnet/universal.md

40 Visi rezultati pieejami sacensibu majaslapa
https://universaldependencies.org/conll17 /results.html
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valodas UD korpuss tiek izmantots ka viens no korpusiem pétijuma (Nivre,
Fang, 2017), kas argumenté, ka LAS metrika lielakoties dod labakus
rezultatus analitisko valodu, pieméram, anglu, parsétajiem, un piedava
alternativu metriku, tadejadi mazinot vairakas desmitgades ilguSo anglu
valodas dominanci iegultajos riku un metriku pienémumos nozare.

2018. gada sis sacensibas notiek vélreiz, izmantojot UD v2.2 datus no
82 korpusiem 57 valodam. LatvieSu valodai tobrid pieejamais sintaktiski
markeétais korpuss ir jau 81 tiikstoti tekstvienibu liels (Zeman et al., 2018).
Labakos rezultatus*! latviesu valodai uzrada parsétajs HIT-SCIR, sasniedzot
87,76% UAS un 83,97% LAS (Che et al., 2018). Otro labako rezultatu dod
parsétajs Stanford - 85,97% UAS un 81,85% LAS (Qi et al., 2018). Sajas
sacensibas rezultati tiek salidzinati, izmantojot ari jaunu metriku MLAS, kas
ir lidziga LAS, tacu nem véra arl morfologiska markéjuma pareizumu.
Izmantojot So metriku, latviesu valodai labakos rezultatus sniedz parsétajs
Stanford - 67,89%.

Gan LAS, gan MLAS metrikas latviesu valodai sasniegtie rezultati ne
tikai butiski parsniedz labako parsétaju vidéjos rezultatus pa valodam, tas
ir, 75,84% LAS un 61,25% MLAS, bet ari parsniedz videjo rezultatu t.s. lielo
korpusu grupa, kas ir 84,37% LAS, 72,67% MLAS. Lielo korpusu grupa sajas
sacensibas ir ieskaitits 61 korpuss, kuru apjoms ir vismaz 25 tikstoSi
tekstvienibu. No 2.2.2. sadala pieminétajiem lielakajiem UD korpusiem Sajas
sacensibas piedalas c¢ehu valodas UD_Czech-PDT un krievu valodas
UD_Russian-SynTagRus (tobrid mazaks - ap 1 milj. tekstvienibu), uz kuriem
uztrenétie parsétaji sasniedz vienus no sacensibu augstakajiem rezultatiem,
parsniedzot 90% LAS un 85% MLAS. Kopuma So sacensibu rezultati
apliecina, ka sacensibas latvieSu valodai, pateicoties kvalitativajam
korpusam, ir raditi augstas rezultativitates parsétaji.

2020.gada notiek paplasinato atkaribu parsétaju veidoSanas
sacensibas IWPT 2020 Shared Task on Parsing into Enhanced Universal
Dependencies (Bouma et al., 2020), un latviesu valoda ir starp 17 valodam,
kuru dati tiek piedavati sacensibu dalibniekiem. LatvieSu valodai labakais
parsétajs sasniedz 85% ELAS precizitati*? (ELAS - LAS atvasinata metrika,
kas pielagota tieSi paplasinato atkaribu grafu noveértésanai). 2021. gada
sacensibas notiek vélreiz (Bouma et al., 2021), un rezultati sasniedz pat
90,25% ELAS un 91,25% LAS precizitati 43 latvieSu valodai, parsniedzot

41 Visi rezultati pieejami sacensibu majaslapa
https://universaldependencies.org/conll18/results.html

42 Sacensibu rezultatu parskats pieejams sacensibu majaslapa
https://universaldependencies.org/iwpt20/Results.html

43 Sacensibu rezultatu parskats pieejams sacensibu majaslapa
https://universaldependencies.org/iwpt21 /results.html
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vidéjos raditajus, kas ir 89,24% ELAS un 89,81% LAS. gajés divas sacensibas
parsétaja precizitate tiek mérita paplasSinato atkaribu grafos, tapéc, lai gan
Seit dotie skaitli nav precizi salidzinami ar CoNLL 2017-2018 rezultatiem,
tacu Sie grafi satur vairak informacijas ka pamatu atkaribu koki, tapéec
biitiba $is analizes uzdevums ir pat gritaks. Tadejadi Sie augstie rezultati
(salidzinajumam veél 2016. gada Andor et al. par SyntaxNet zino, ka anglu
valodas precizitate ir virs 90% LAS pamata atkaribam, bet cehu valodas -
mazliet zem $i raditaja) pilnveértigi apstiprina darba 2. hipotézi, ka videja
izmeéra korpuss (10-20 tikstosi teikumu) ir pietiekams augstas kvalitates
state-of-the-art parsétaju izveidei.

Paraléli korpusa balstas ar1 Latvija izstradatie parsétaju un ar tiem
saistito tehnologiju pétijjumi. 2016.gada tiek publicéts pétijums, kura
izmantota tobrid inovativa un loti aktuala jédzientelpas (angl. word
embeddings) pieeja. Saja pétijuma UDLV-LVTB korpusa apmacitais parsétajs
sasniedz 74,9% UAS (Znotins, 2016). 2018. gada FullStack-LV projekta NLP-
PIPE rika ieguti rezultati 81,2% UAS un 76,8% LAS (Znotins, Cirule, 2018).
Savukart 2020. gada LVBERT riks nodrosina 89,9% LAS (Znotin$, Barzdins,
2020) un 2022.gada (VPP, 2022)- 90,79% LAS. Analizéjot parsétaja
rezultatus atkariba no apmacibas datu apjoma (sk. 1. tabulu), ir novérojams
biitisks precizitates kapums, ja salidzina parsétajus, kas izmanto vienu vai
divas piektdalas datu. Salidzinot parsétajus, kas izmanto divas, tris vai
Cetras piektdalas korpusa, kapums ir aptuveni puse procentpunkta,
savukart, pievienojot pédéjo korpusa piektdalu, tiek iegiits niecigs
precizitates uzlabojums.

Sie rezultati lauj secinat, ka ar $adu korpusa apjomu pietiek, lai
pilnvértigi izmantotu Sobrid pieejamas parsétaju buvésanas tehnologiju
iespéjas un iegiitu augstas kvalitites parsétajus latvieSu valodai. Tas
nozimé, ka izveidotais korpuss ir optimals darba izvirzito uzdevumu
izpildei.

1. tabula. LVBERT parsétaja precizitates pieaugums atkariba no apmacibas

datu apjoma (VPP, 2022)
LAS % LAS %

Izmantota apmacibas = parametru kalibréSanas novértéSanas
datu kopas (train) dala datu kopa (dev) datu kopa (test)
20% 84,71 85,08
40% 88,51 89,28
60% 89,54 89,94
80% 90,13 90,56
100% 90,31 90,79
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Secinajumi

Promocijas darba izvirzitais meérkis - apjomiga masSinlasama
sintaktiski marketa korpusa izveide un aprobésana - ir sasniegts. Izvirzitas
hipotézes par hibrida markéjuma modela priekSrocibam un kvalitativa
vidéja apjoma korpusa piemérotibu augstas precizitates (~90%) parsétaju
apmacibai ir praktiski apstiprinatas.

Darba ietvaros secinats talak minétais.

e Izvele veidot un attistit darba aprakstito hibrido gramatikas modeli
ir izradijusies loti veiksmiga, jo Sis modelis lauj reprezentét latvieSu
valodas sintaktiskas paradibas, saglabajot butiskas nianses, kuras ne
vienmer ir iespéjams precizi attélot tira atkaribu vai frazu struktiras
gramatikas modeli.

o  Turklat korpusa markésana bagatiga hibrida formata Jauj veidot
pielagotas transformacijas uz plasi lietotiem, bet ietvertas
informacijas zina nosaciti vienkarsakiem formatiem (piem., UD),
ka ari veikt pétijumus par piemérotakajiem atkaribu
attelojumiem dazadam gramatikas paradibam.

o  Atkaribu attélojums var ietekmét gan parsétaju precizitati, gan
teksta analizes rikus, kas izmanto parsétajus. Novérota ietekme
nav viennozimiga - dazadi riki dod priekSroku dazadiem
atkaribu attélojumiem.

o  Salidzinot ar vienkarSajiem un skaitloSanas zina efektivajiem
atkaribu modeliem, hibridu parsétaju algoritmu un
masinmaciSanas modelu attistiba ilgu laiku nav bijusi globala
aktualitate, par to vairak intereséjusies pétnieki, kas péta
morfologiski bagatas valodas. Tacu tagad jautajums par hibridu
parsétajiem ir atkal aktualizéjies plasak un jaunakie
eksperimenti uzrada daudzsoloSus rezultatus (Nivre et al,
2022).

e UD gramatikas modelis ir loti veiksmigs talakiem pétijumiem un
parsétaju apmacibai ne tikai ta starptautiska rakstura dél, bet ari
tapéc, ka, vadoties péc darba veiktas parametriskas analizes, taja
daudzviet izvéleti tadi sintaktisko konstrukciju atainoSanas
panémieni, kuriem arl parsétaju apmacibas sistémas dod labakus
rezultatus.

o Hibridajam modelim, kas izmantots “LatvieSu valodas
sintaktiski markéetaja korpusa”, un UD modelim ir pietiekami
daudz kopigo elementu, lai bitu iespéjams izveidot augstas
precizitates transformaciju vismaz viena virziena. UD modelis ir
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nosaciti vienkarsaks, tapéc abpuséja transformacija netika
veidota.

Hibridajam modelim un UD modelim atskiras lomu izvéles un
iedalijuma kritéeriji - hibridaja modeli izmantoto sintaktisko
lomu Skirums vairak balstits teikuma semantiskaja struktiira,
un lomas ir, pieméram, apzimetajs/atribiits (attr), apstaklis
(adv). Savukart UD lomu izvélé galvenokart nemti veéra
morfosintaktiski kritériji, pieméram, daudzos gadijumos tas ir
grupétas pa vardskiram - nominals modificétajs (nmod),
adjektivisks modificetajs (amod), adverbials modificetajs
(advmod) utt.

Turklat likumos balstita transformésana uz citu (Saja gadijuma
UD) markéjuma modeli palidz atklat markéjuma kludas un
nekonsekvences sakotnéja korpusa un tadejadi, izmantojot
atgriezenisko saiti, uzlabot korpusa kvalitati.

Secinats, ka sasniegtais korpusa lielums (17 tiksto$i teikumu) ir
pietiekams, lai izveidotu pasaules limena precizitates parsétaju -
latvieSu valodai labakais parsetajs IWPT 2021 Shared Task on Parsing
into Enhanced Universal Dependencies sacensibas sasniedz 91,25
precizitati (LAS), kas bitiski parspéj vid€jo visu valodu rezultatu un
ir pielidzinams vidéjam rezultatam lielo korpusu grupa.

o

o

Pateicoties korpusa apjomam, kvalitatei un savietojamibai,
dazadas pétnieku grupas ir veiksmigi izmantojusas UDLV-LVTB
datus cetras CoNLL un IWPT Shared Task sacensibas 2017.,
2018, 2020. un 2021.gada augstas precizitates parsétaju
izstradei un novértésanai. Tapat korpusa dati ir sekmigi lietoti
parsétaju pétijjumos Latvija.

Analizéjot parsétaja rezultatus atkariba no apmacibas datu
apjoma, ir redzams, ka pieejamais korpusa apjoms ir pietiekams,
lai pilnvértigi izmantotu Sobrid pieejamas parsétaju biuvéesanas
tehnologiju iespéjas un iegiitu augstas kvalitates parsétajus
latvieSu valodai.

ParliecinoSie latvieSsu valodas UD parsétaju masinapmacibas
rezultati apliecina korpusa markéjuma kvalitati un viendabibu.

Daliba UD iniciativa ir sekméjusi latvieSu valodas un ari citu fleksivu
valodu resursu starptautisko atpazistamibu un veicina fleksivam
valodam piemeérotaku riku izveidi pétniecibas joma, kuras vesturiska
izcelsme pamata mekléjama darba ar analitiskajam valodam.
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Abstract

The given doctoral thesis describes the creation of a hybrid grammar
model for the Latvian language, as well as its subsequent conversion to a
Universal Dependencies (UD) grammar model. The thesis also lays the
groundwork for Latvian language research through syntactically annotated
texts. In this work, a fundamental Latvian language resource was developed
and evaluated for the first time - a machine-readable treebank of 17
thousand syntactically annotated sentences. The sentences are annotated
according to two syntactic annotation models: the hybrid grammar model
developed in the thesis, and the internationally recognised UD model. Both
annotated versions of the treebank are publicly available for downloading
or querying online.

Over the course of the study, a set of tools and infrastructure
necessary for treebank creation and maintenance were developed. The
language coverage of the IMCS UL experimental hybrid model was extended,
and the possibilities were defined for converting data annotated according
to the hybrid grammar model to the dependency grammar model. Based on
this work, a derived UD treebank was created.

The resulting treebank has served as a basis for the development of
high accuracy (91%) Latvian language parsers. Furthermore, the
participation in the UD initiative has promoted the international recognition
of Latvian and other inflective languages and the development of better-
fitted tools for inflective language processing in computational linguistics,
which historically has been more oriented towards analytic languages.
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1 Introduction

This doctoral thesis was developed in the field of computational
linguistics - an interdisciplinary field that deals with the modelling and
processing of natural language using computational methods. The main task
of computational linguistics is the automatic extraction of structured,
machine-readable and machine-interpretable information from natural
languagel, as well as the representation of machine-readable information
(data) through natural language; thus the central aspects of computational
linguistics are formed by analysis (natural language understanding, NLA)
and synthesis (natural language generation, NLG). Language processing in
both linguistics and computational linguistics tends to be viewed as a multi-
level task (see Figure 1a), where grammatical and semantic information on
each of the levels can be analysed using formal models of meaning
representation (see Figure 1b; for the sake of clarity, representation models
used in the projects related to the doctoral thesis are mentioned here,
although they are not the only ones).

s ~ N
Text semantics Discourse Abstract Meaning Representation
JA
p \ ———
| Coreferences
Sentence semantics FrameNet PropBank
\ | Named Entities
Inive
Syntax ¢ m\ersa.l‘ Latvian Treebank
’ Dependencies
Ve ~\
Morphology Lexical semantics Tezaurs.lv WordNet |
. AN ./ i
(a) Levels of text analysis (b) Selected representations
(by Grizitis, 2011) (by Grazitis et al., 2018)

Figure 1: Language processing and analysis

Numerous problems of modern computational linguistics and their
practical solutions derive from language analysis on semantic levels. For

1 Although this work focuses on the text and does not address the problem of speech
recognition and synthesis, it should be noted that the result of speech recognition is
a text that requires further processing and analysis, and the input data for speech
synthesis is also a text.
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example, the operation of virtual assistants popular today (Siri2, Alexa3, etc.)
is typically ensured by text classification and information extraction. To
solve such tasks, different approaches can be distinguished, depending on
what intermediate steps and resources are used to obtain the solution. One
of such approaches is carrying out the analysis step by step, starting with
the analysis on the lowest i.e., morphological level and continuing with a
syntactic analysis based on morphological analysis, etc., until the desired
level of analysis or meaning representation of the text is reached. Another
approach is immediately addressing the final problem without a direct and
thorough analysis of the lower levels of language. This second approach
solves only the specific task at hand, and the solution may be difficult to
generalise for other tasks on the same level of analysis. For example, lists of
keywords or word embeddings may serve as a sufficient solution for a text
classification task, but such a resource is not enough to retrieve factual
information from the text. The development of the resources described in
the first approach requires more time and human resources, but the
application of solutions developed by such a method is subsequently wider
and will continue to be useful in the development of new applications.
Therefore, the development of wider-coverage solutions on lower language
levels is a fundamental investment in addressing problems on higher levels
of alanguage later on. The research conducted in this doctoral thesis, as well
as its results are oriented towards the step-by-step text analysis i.e., the first
approach.

The lowest levels of text processing consist of the division of a text
into tokens and morphological analysis. Morphology is a subfield of
linguistics that studies and describes the grammatical structure of words;
however, in computational linguistics morphological analysis often implies
the analysis of not only words, but also punctuation, i.e. all tokens of text.
There is a multitude of individual problem cases on this level as well, but a
fundamental, comprehensive solution for the Latvian language already
exists, which uses a lexicon to generate analysis variants (Paikens, 2007),
and a statistical, corpus-data-trained tagger with a 98% accuracy rate of
part of speech recognition and a 93% accuracy rate of full morphological
annotation including case, gender and number for nouns and adjectives,
tense, person and number for verbs, etc. (Paikens et al., 2013; Paikens,
2017).

On the next - syntactic - level, formal connections between words, i.e.
the elements of a sentence, are considered, while the semantic levels of a

2 Apple Siri homepage: https://www.apple.com/siri/

3 Amazon Alexa homepage: https://alexa.amazon.com/
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sentence and text examine the meaning of a sentence* or text as a whole.
This doctoral thesis is devoted to language analysis on a syntactic level.
Prior to the start of this research, the scope of syntactic analysis tools and
resources for the Latvian language were quite limited - there was a lack of
an effective wide-coverage parser and a syntactically annotated corpus i.e.,
a treebank, for the creation of a machine-learning parser. There was an
experimental rule-based partial parser that used a set of manually compiled
rules (Barzdin$ et al., 2007), but the set of rules only covered extended
simple sentences, and the obtained results were ambiguous: each sentence
was offered all possible analysis variants corresponding to the
morphological characteristics of the tokens in the sentence. There were also
existing studies devoted to specific problems, such as spell-checking
(Deksne, Skadins, 2011) or controlled natural languages (Paikens, Gruzitis,
2012).

The syntax-level technologies successfully developed in the given
doctoral thesis, and the Universal Dependencies treebank in particular, form
the necessary basis for further, higher-level research (see Figure 1b).

1.1 Research Problem

The research problem defined in this doctoral thesis is the
development and evaluation of a complete (wide-coverage) formal model of
the Latvian grammar, including the creation of a large, machine-readable
treebank that corresponds to the previously mentioned model.

1.2 Topicality of the Research Problem

The results of this doctoral thesis open up a wide range of
opportunities for new tools and research.

e Through the use of the treebank, it is possible to create various new
language analysis tools, with specific emphasis on high-precision
syntactic parsers for the Latvian language and the opportunity to
participate in shared parser building tasks.

e The treebank, which is publicly available in two data formats
annotated according to two syntactic annotation models, allows the
previously impossible option of selecting Latvian language data for
research according to syntactic criteria.

e Awidely used international standard - UD - has been adapted for the
Latvian language. In addition, Latvian is the first Baltic language for

4 For the sake of brevity, unless otherwise indicated, here and further the notion
sentence includes both predicative and non-predicative units (utterances).
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1.3

which such an extensive resource is being developed. Thus,
participation in the UD initiative promotes international cooperation
and allows the dissemination of insights into the peculiarities and
needs of inflective languages with a rich morphology in what is
historically a more Anglocentric environment in computational
linguistics.

New tools for processing the Latvian language are important not only
for scientific development, but also for the general public - they
contribute to a wider integration of the Latvian language into
electronic media and the survival of Latvian in the Digital Age.

Goals and Objectives of the Study

The general objective of the study is to start a new direction of

research of the Latvian language, namely, the studies of computational
linguistics that are based on syntactically annotated texts. The aim of this
research is to develop and evaluate a fundamental language resource so far
unprecedented for the Latvian language i.e., a machine-readable treebank.
To achieve this aim, the following tasks have been set:

to create methods and the necessary technical framework for the
creation of a Latvian treebank, including the comparison of different
syntactic annotation models;

to design an experimental treebank prototype;

to develop data transformations for the use of a treebank in various
formats, including those in line with the internationally recognised
UD approach;

to prepare the treebank data for application in parser training,
including international shared tasks, and to ensure public data access
for various studies.

1.4 Hypotheses

The following hypotheses have been proposed in the thesis:
1) ahybrid grammar model of dependencies and phrase structures will

expand the usability of the Latvian treebank in comparison to
dependency grammar model;
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2) a high-quality, medium-sized (approx. 10-20 thousand sentences5)

treebank of the Latvian language will serve as the basis for the
creation of state-of-the-art parsers.

The hypotheses proposed in this thesis have been confirmed through
practical studies.

1.5

Research Methods

The following research methods have been used in the doctoral thesis:

1.6

literature review - in order to identify the perspective research
methods and experience with other language, various scientific
publications and, in some cases, the source code of open sourced
tools have been analysed;

iterative development and adaptation - the tools and algorithms
developed over the course of the thesis were implemented, evaluated
and iteratively refined based on their practical application;
quantitative evaluation - the transformation algorithms developed
during the thesis were evaluated using metrics approved in the field
of research;

controlled experiments - variants of algorithms were compared in
controlled environment experiments with the help of the
quantitative evaluation method, analysing their effective differences
and accuracy;

error analysis - where possible, manual error analysis was also
performed randomly within the results of the algorithms in order to
get a better idea of potential problems and their types.

Main Results

The main results of the doctoral thesis are as follows:

a developed set of tools and the infrastructure for the creation of the
Latvian Treebank (LVTB), including defined extensions of the IMCS
UL experimental hybrid model of Latvian grammar necessary for a
wide language coverage.

5 A retrospective look at the UD multilingual treebank data and the CoNLL 2018
results show that the average volume of a ‘large’ corpus is 12.5 thousand sentences
and the average accuracy rate of the best parser for this type of corpus is 84.37%.
The organizers of this shared task considered a corpus to be ‘large’, when it had
enough data to distinguish separate machine-learning datasets not only for training
and testing, but also for development (dev) purposes.
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e acomplete analysis of possibilities regarding the conversion of data
annotations according to the hybrid grammar model into annotations
according to the dependency model, as well as a study of the effect of
various transformations on the accuracy and further use of parsers.
The creation of a transformation that is capable of deriving the
Latvian UD Treebank (UDLV-LVTB) from the data annotated
according to the hybrid grammar model.

e the most important indirect result- a new direction of
interdisciplinary research for the Latvian language and the basis for
the development of fundamental language technologies: (1) the
corpus - LVTB and UDLV-LVTB (Latvian part of UD versions v1.3-
v2.11); (2) parsers for the Latvian language.

1.7 Practical Significance and the Evaluation of
Results

Using the syntax model and annotation infrastructure created in this
thesis, a treebank consisting of 17 thousand sentences has been created,
which is publicly available in both hybrid® and UD representation?.

The treebank has served as the basis for cooperation between IMCS
UL and the news agency LETA in the ERDF industry-driven research project
“Full Stack of Language Resources for Natural Language Understanding and
Generation in Latvian” (2017-2019; see Section 3.2.1), in which a multilayer
syntactically and semantically annotated corpus (sembank) have been
created; in addition, the toolkit NLP-PIPE (Znotins, Cirule, 2018) has been
created on its basis for a thorough analysis of Latvian texts (according to
Figure 1b). In turn, the NLP-PIPE toolkit is used by LETA, the National
Library of Latvia, etc. to develop their own products and services. The
treebank also serves as the basis for further linguistic and language
technology research in the State Research Programmes “Digital Resources
for Humanities” (2020-2022) and “Letonika - Fostering a Latvian and
European Society” (2022-2024).

The derived UD treebank has also been used by foreign research
teams to develop syntactic parsers for the Latvian language. It has been used
for the training of the Google SyntaxNet parser, as well as in four
international shared tasks for UD parser training, in which the created
parsers for Latvian exceeded the accuracy rate of 85%; it was also used in

6 CLARIN-LV repository http://hdl.handle.net/20.500.12574/63
7 LINDAT/CLARIN-CZ repository http://hdl.handle.net/11234/1-4758
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the creation of the widely used multilingual parser UDPipe?8 (Straka et al.
2016; Straka 2018). Thus, the results of the thesis have served as the basis
for the creation of high-efficiency parsers for the Latvian language (see
Section 0). The UD treebank is also being used in studies that develop
metrics and tools more suitable for inflective languages (as opposed to the
historically dominant English, which is an analytic language), such as CLAS
metrics (Nivre, Fang, 2017).

1.8 Publications of Results of the Study

The thesis is designed as a set of publications, combining 11
publications of the author that address issues related to treebank creation
and the development of parsers. The study was developed in the Artificial
Intelligence Laboratory of the Institute of Mathematics and Computer
Science (IMCS) of the University of Latvia (UL) within several projects and
research programmes over the period of time from 2010 to 2023. The
findings described in the thesis are the result of collective work, in which
the author has lead the described study or significantly participated in the
achievement of the given results (see table “Promocijas darba autora
personiskais ieguldijums” on page 5 of the thesis).

The results of the study have been published in 7 publications
indexed in the Elsevier Scopus and Thomson Reuters Web of Science
databases.

e Saulite, B., Dargis, R, Grazitis, N., Auzina, I, Levane-Petrova, K,
Pretkalnina, L., Rituma, L., Paikens, P., Znotins, A., Strankale, L.,
Pokratniece, K., Poikans, 1., Barzdins, G., Baklane, A., Saulespuréns, V.,
Ziedins, ]J. (2022). Latvian National Corpora Collection - Korpuss.lv.
Proceedings of 13th International Conference on Language
Resources and Evaluation (LREC 2022), Marseille, pp. 5123-5129
(Scopus).

e  Gruzitis, N., Pretkalnina, L., Saulite, B. Rituma, L. Nespore-
Berzkalne, G., Znotins, A., Paikens, P. (2018). Creation of a Balanced
State-of-the-Art Multilayer Corpus for NLU. Proceedings of the 11th
International Conference on Language Resources and Evaluation
(LREC 2018), Miyazaki, pp. 4506-4513 (Scopus and WOS).

e Pretkalnina, L., Rituma, L. Saulite, B. (2018). Deriving enhanced
Universal Dependencies from a hybrid dependency-constituency
treebank. Proceedings of the 21sh International Conference “Text,
Speech, and Dialogue” (TSD), LNCS, Vol. 11107, Springer Link, pp. 95-
105 (Scopus and WOS).

8 UDPipe website: https://ufal.mff.cuni.cz/udpipe/2
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Pretkalnina, L., Rituma, L., Saulite, B. (2016). Universal Dependency
Treebank for Latvian: a Pilot. Proceedings of the 7th International
Conference on Human Language Technologies- the Baltic
Perspective (HLT 2016), Frontiers in Artificial Intelligence and
Applications, Vol. 289, 10S Press, pp. 136-143 (Scopus and WOS).
Pretkalnina, L., Rituma, L. (2014). Constructions in Latvian Treebank:
the Impact of Annotation Decisions on the Dependency Parsing
Performance. Proceedings of the 6th International Conference on
Human Language Technologies - the Baltic Perspective (HLT 2014),
Frontiers in Artificial Intelligence and Applications, Vol. 268, 10S
Press, pp. 219-226 (Scopus and WOS).

Pretkalnina, L., Znotins, A., Rituma, L., Gosko, D. (2014). Dependency
parsing representation effects on the accuracy of semantic
applications - an example of an inflective language. Proceedings of 9th
International Conference on Language Resources and Evaluation
(LREC 2014), Reykjavik, pp. 4074-4081 (Scopus and WOS).
Pretkalnina, L. Rituma, L. (2012). Syntactic Issues Identified
Developing the Latvian Treebank. Proceedings of the 5th International
Conference on Human Language Technologies- the Baltic
Perspective (HLT 2012), Frontiers in Artificial Intelligence and
Applications, Vol. 247, 10S Press, pp. 185-192 (Scopus and WO0S).

The results of the study have also been published in 4 other international
peer-reviewed publications:

Pretkalnina, L., Rituma, L. (2013) Statistical Syntactic Parsing for
Latvian. Proceedings of the 19th Nordic Conference of Computational
Linguistics, NEALT Proceedings Series, Vol. 16, Oslo, pp. 279-289.
Pretkalnina, L., NeSpore, G., Levane-Petrova, K., Saulite, B. (2011). 4
Prague Markup Language Profile for the SemTi-Kamols Grammar
Model. Proceedings of the 18th Nordic Conference of Computational
Linguistics (NODALIDA 2011), Riga, pp. 303-306.

Pretkalnina, L., NeSpore, G., Levane-Petrova, K., Saulite, B. (2011).
Towards a Latvian Treebank. M.A. Mora, M. Carrié Pastor, (ed.): Actas
del 3 Congreso Internacional de Lingiiistica de Corpus. Tecnologias
de la Informacién y las Comunicaciones: Presente y Futuro en el
Andlisis de Corpus, Candel, Valence, pp. 119-127.

Pretkalnina, L., Levane-Petrova, K., (2011). Preparatory Work for
Latvian Treebank. Proceedings of International Conference CORPUS
LINGUISTICS - 2011, St. Petersburg, pp. 53-58.

The author has presented the results of the study at 10 international
conferences:
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21st International Conference “Text, Speech, and Dialogue” (TSD),
Brno, 2018;

7th International Conference on Human Language Technologies - the
Baltic Perspective (HLT), Riga, 2016;

6th International Conference on Human Language Technologies - the
Baltic Perspective (HLT), Kaunas, 2014;

9th International Conference on Language Resources and Evaluation
(LREC), Reykjavik, 2014;

19th Nordic Conference of Computational Linguistics (NODALIDA),
Oslo, 2013;

5th International Conference on Human Language Technologies - the
Baltic Perspective (HLT), Tartu, 2012;

17th International Scientific Conference “The Word: Aspects of
Research”, Liepaja, 2012;

18th Nordic Conference of Computational Linguistics (NODALIDA),
Riga, 2011;

International Conference CORPUS LINGUISTICS - 2011,
St. Petersburg, 2011;

3rd International Conference on Corpus Linguistics, Valende, 2011.

Results related to the study have also been presented at two local
conferences:

73rd UL conference “LatvieSu valodas sintaktiski anotéta korpusa
attéloSana universala atkaribu formata”, 2015;
72nd UL conference “Markéjuma transformacijas sintaktiski markeéta

latvie$u valodas tekstu korpusa”, 2014.

Over the course of doctoral studies, the author of the thesis has also

participated in the creation of the following international peer-reviewed
publications that are indirectly related to the topic of the thesis:

Paikens, P., Klints, A., Lokmane, I, Pretkalnina, L., Rituma, L., Stade,
M., Strankale, L., (2023). Latvian WordNet. Proceedings of the 12th
Global Wordnet Conference (GWC2023), to be published.

Paikens, P., Rituma, L., Pretkalnina, L. (2022). Towards Word Sense
Disambiguation for Latvian. Baltic Journal of Modern Computing,
10(3), 402-408 (Scopus).

Paikens, P., Grasmanis, M., Klints, A., Lokmane, 1., Pretkalnina, L.,
Rituma, L., Stade, M., Strankale, L. (2022). Towards Latvian WordNet.
Proceedings of the 13th Language Resources and Evaluation
Conference (LREC 2022), Marseille, pp. 2808-2815 (to be indexed in
the Scopus database).
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Paikens, P., Gruzitis, N., Rituma, L. Nespore, G. Lipskis, V.,
Pretkalnina, L., Spektors, A. (2019). Enriching an Explanatory
Dictionary with FrameNet and PropBank Corpus Examples.
Proceedings of the 6th Biennial Conference on Electronic
Lexicography (eLex), pp. 922-933 (Scopus).

Pretkalnina, L., Paikens, P. (2018). Extending Tezaurs.lv Online
Dictionary into a Morphological Lexicon. Proceedings of the 8th
International Conference on Human Language Technologies - the
Baltic Perspective (HLT 2018), Frontiers in Artificial Intelligence and
Applications, Vol. 307, pp. 120-125 (Scopus).

Saulite, B., Pretkalnina, L., Spektors, A. (2017). Pirmds konjugdcijas
darbibas vardi Tézaurd. Vards un ta pétiSanas aspekti : rakstu
krajums 21 (1/2), Liepaja, 122.-129. pp.

Spektors, A. Auzina, I, Dargis, R, Gruzitis, N. Paikens, P.,
Pretkalnina, L., Rituma, L., Saulite, B. (2016). Tezaurs.lv: The Largest
Open Lexical Database for Latvian. Proceedings of the 10th
International Conference on Language Resources and Evaluation
(LREC 2016), Portoroz, pp. 2568-2571 (Scopus).

Paikens, P., Rituma, L. Pretkalnina, L. (2013). Morphological
Analysis with Limited Resources: Latvian Example. Proceedings of the
19th Nordic Conference of Computational Linguistics (NODALIDA
2013), NEALT Proceedings Series, Vol. 16, Oslo, pp. 267-277.
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2 A Hybrid Grammar Model of the Latvian
Language and Latvian Treebank

Atreebankis an essential language resource that enables the creation
of a data-driven syntactic parser, as well as provides an opportunity for new
ways of linguistic research.

During the creation of a syntactic analyser i.e. parser, information on
the syntactic structure of the analysed language is collected; i.e., it is
necessary to define the model in which the syntactic information will be
represented, and to gather data on the nature of a particular language. Once
the model of the syntactic analysis is formulated, the information on of the
peculiarities of a language can be assembled and compiled both in person,
in the form of rules, or by a computer through machine learning (e.g. using
statistical methods or neural networks) from an accordingly prepared
dataset.

Before the start of this thesis, the Latvian language did not have a
treebank and subsequently lacked the possibility of developing statistic
parsers. However, the approach of building a rule-based parser had been
attempted in the State Research Programme “Scientific Foundations of
Information Technologies”, in the project “Research and Development of the
Semantic Web Technologies for Latvia” (SemTi-Kamols) (2005-2009), in
which a hybrid Latvian syntax model was based on the dependency
grammar theory by Lucien Tesniere (Tesniére, 1959) (see Section 2.1 for
more details). On the basis of this syntax model, the syntactic analyser
Cankeris was later created (Barzdin$ et al, 2007; Ne$pore et al, 2010).
Cankeris was a partial parser that was able to analyse most of the simple
extended sentences, as well as clauses corresponding to simple sentences in
compound sentences through a brute force search by using rules written by
linguists. For each processed sentence, Cankeris provided all formally
possible analysis variants, since at the time of its creation there was no
existing Latvian treebank available, which would allow to evaluate the more
likely variants. With such an approach, the number of proposed analysis
variants tends to increase exponentially depending on the length of the
sentence.

The examination of the results generated by Cankeris revealed a
number of problems inherent in many rule-based parsers. The most
significant of these problems is scaling difficulty: as the number of rules
increases, the average number of analysis options for a sentence also
increases significantly (exponentially); because of this the processing speed
decreases and the interaction of rules becomes more complex, problematic
to track and more difficult to debug.
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With the increase in the number of proposed analysis variants, one is
faced with the perplexing question of how to choose one analysis variant
from many others and offer it to the user or utilise it further. A reasonable
course of action would be to choose the right variant from all the options,
or, if there is no right variant, select the least erroneous one. However, in
language there is a high probability of situations when several
grammatically correct analysis variants are possible within the given text
fragment and the expected human interpretation of it is not unambiguously
determinable only based on the knowledge of grammar. For example, in the
case of the compound nouns sieviesu adas zabaki (‘women'’s leather boots’)
and liellopa adas zabaki (‘cow leather boots’), it is the real-life knowledge
that helps one conclude that in the first case the boots are most likely
intended for women, whereas in the second case the boots are made of
cowhide, and therefore not intended to be worn by cattle. Integrating broad-
scale real-life knowledge into rule-based parsers would be extremely
difficult, but statistical data on what structures are more common for a
particular language material (e.g. that “women’s boots” is a much more
commonly used wording than “cow boots”) can help achieve better results.
Thus, the conclusion was made that even if other scalability problems were
solved, the further development of Cankeris into a wide-coverage, workable
syntax parser would nonetheless require a treebank from which to derive
such statistical information.

On the other hand, if one chooses to build a parser on the basis of
statistical regularities calculated from data or neural networks trained on
data, a treebank that serves as a source of these regularities immediately
becomes a fundamental and basic digital language resource for this.

A 2012 META-NET review study (Vasiljevs, Skadina, 2012) indicated
that not a single treebank is publicly available for the Latvian language.
Therefore, the creation and publication of such a resource, especially in the
form of open data, provides new opportunities not only for the research and
development of language technologies, but for the studies and research of
linguistics as well. Such a resource allows linguists to test their
understanding of theoretical information on syntactic phenomena of the
Latvian language in practice and to improve it according to data-driven
observations.

2.1 The Treebank’s Grammar Model

Based on the more successfully applied aspects of the hybrid
grammar model in Cankeris created in the SemTi-Kamols project, as well as
consultations with linguists, it was decided to further develop this model for
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the needs of the treebank with the long-term goal of modelling all the
Latvian constructions found in the prospective corpus.

The grammar model of the Latvian Treebank (LVTB model) is
designed as a hybrid of two syntactic models widely used globally:
dependency grammar and phrase structure grammar.

From a mathematical viewpoint, the formal representations of
sentence structure are graphs, therefore terminology from graph theory is
used further on in the thesis. The graph is made up of two types of
elements - a finite number of nodes and edges that form pairs from the
nodes (each pair of nodes is connected by no more than one edge). Most
often, the structure of the sentence is a rooted tree - a graph without cycles
with one specifically marked node that is called the root. The nodes
attached to any given node are divided into two groups: parents and
children. A parent is a node whose distance (in terms of the number of
edges) from the root is less than the distance of a given node; there is exactly
one parent for each node of the tree (except the root, which is the only node
that does not have a parent). The other nodes are called children - they are
located at a greater distance from the root than the given node. Nodes that
do not have children are called leaves. Nodes that are the parents of the
given node, parents of parents, etc. (the transitive closure of being a parent)
are called the ancestors of the given node. Nodes that are the children of a
given node, children of children, etc. (the transitive closure of being a child)
are called the descendants of the given node. In some cases, a graph
representing the structure of a single sentence may be disjoined i.e., the
graph may be a cluster of several trees - a forest; however practical
implementations often try to avoid such structures.

The phrase structure grammar model (Chomsky, 1957) considers
a phrase to be the basic unit of sentence structure. In this model, each phrase
consists of tokens - words or punctuation marks - and/or other phrases,
thus a sentence is modelled as a tree, the root of which is the phrase
corresponding to the entire sentence, and the leaves are tokens. An example
of such a tree is given in Figure 2a. In the basic model, phrases are required
to be continuous, i.e,, if the subtree with the phrase X in its root contains
both the i-th and j-th tokens in a sentence, then all the tokens within the
interval [i,j] must also belong to the same subtree. In practice, this
condition tends to be overlooked in order to maintain the homogeneity of
annotation for similar linguistic phenomena. This is the case with the
paraphrased fragment of text skola, uz [kuru] vini gaja (‘the school they went
to’): if the goal is to maintain phrase division equivalent to the example in
the image, a discontinuous phrase must be formed, where between the
verb phrase (VP) parts gaja uz (‘went to’), and skola (‘school’), the word vini
(‘they’) is located.
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a)

NP
NP cC NP
/\ and /\ went /\
DT NN DT NN
The boy the girl ﬂ\
the old school
Source: Berkley Neural Parser demo https://parser.kitaev.io/
b)
o
<root>
went
root
VERB
boy school .
nsubj obl punct
NOUN NOUN PUNCT
The girl to the old
det conj case det amod
DET NOUN ADP DET ADJ
and the
cc det
CCONJ DET

Source: UDPipe parser demo http://lindat.mff.cuni.cz/services/udpipe/

Figure 2: An example of sentence annotation according to the phrase
structure grammar model (a) and the dependency grammar model (b).
Sentence: Zéns un meitene gaja uz veco skolu. ‘The boy and the girl went to the old
school’

Dependency grammar (Mel'cuk, 1988), on the other hand,
considers a word to be the basic unit of sentence structure and therefore
models the sentence using directed, binary relations between words, i.e.
dependencies. The predicate is considered the central element of a simple
sentence structure; this predicate can have dependents, and each
dependent can have further dependents as well. The structure of the
sentence is depicted as a tree, with each of its nodes corresponding to one
word. For corpus annotation purposes, this model can be supplemented so
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that the tree includes nodes containing all of the tokens, including
punctuation marks, that make up the sentence (Haji¢ et al., 2000). An
example of such a tree is given in Figure 2b. A dependency grammar based
model is used by Lithuanian (language typologically closest to Latvian)
treebank ALKSNIS? (Bielinskiené et al., 2016), however, the development of
the mentioned treebank started later - after the model for the Latvian
treebank had already been chosen.

The origins of modern dependency grammar can be traced back to
Tesniere’s grammar model (Tesniére, 1959). In his work, apart from
dependencies, other relations within a sentence are also defined, such as the
transfer (Fr.translation) operation, when a preposition and its
corresponding content word form a single ‘virtual™ word, which functions
as a special case of the content word further on in the sentence. A separate
construction - a jonction (Fr.) - represents coordinated parts of a sentence.
The nodes of the tree in this model are considered not to be words, but
nucléus (Fr.)., namely, elements that can be either a single word or a
combination of several words obtained through the operations described
above.

Phrase structure grammar and dependency grammar annotations
are mutually comparable on a formal level and can be converted from one
annotation model to another, as long as a head word is specified for each
phrase in the phrase structure annotation. As a result, each phrase can be
transformed into a set of dependencies between the head word and the
other elements of a phrase, while each dependency can be perceived as a
two-element phrase, in which the independent element of the dependency
becomes the phrase’s head word. Discontinuous phrases in phrase structure
grammar correspond to non-projective edges in dependency grammar.
According to Nivre, Nilsson (2005), if the node (token) pairs v and w are
connected by an edge, it is considered a non-projective edge if and only if
any of the tokens between v and w in the sentence are not descendants of
neither v nor w. A non-projective tree (as opposed to a projective one) is a
tree that contains at least one non-projective edge. It is easy to determine
that, when transforming between models in the manner described above, a
non-projective edge becomes a discontinuous phrase and vice versa.

At its initial stage of development, the hybrid grammar model of
SemTi-Kamols employed dependencies and x-words - Tesniére’s nucléus-
like constructs for representing some word groups (NeSpore et al., 2010). In
this doctoral thesis, the hybrid grammar model has been significantly
expanded and refined to eliminate the shortcomings that were identified
during the treebank annotation process.

9 CLARIN-LT repository http://hdl.handle.net/20.500.11821 /21
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The improved LVTB model (Pretkalnina et al., 2011a; Pretkalnina,
Levane-Petrova, 2011) is a hybrid in relation to the previously described
syntax models - it represents sentence structure as a tree of dependencies,
in which some of the nodes may also be phrase-like constructions (see
example in Figure 3). These constructions can have common dependents
that are related to the entire structure, as well as individual dependents that
relate to an individual component of the construction. Each component of
the phrase is either a token or another phrase, therefore the LVTB hybrid
model is a generalisation, the instances of which can be considered both the
phrase structure model and the modern model of dependencies.

~N
sent\>

pred punct
gaja

subj\ adv
lcrd Par‘(s\D lerep

crdPart conj crdPart prep |basElem
Zéns un  meitene uz [skolu

attr
veco

Figure 3: An example of sentence annotation according to the LVTB model,
legend: green edges - components of the x-word (phrase), blue edges - components of
the coordination construction (phrase), purple edges - components of punctuation
marKk construction (phrases), brown edges - dependencies

When annotating the treebank, the dependency relations of the
hybrid model are used to represent syntactic relations of subordination,
such as maza maja (‘small house”), iet skola (‘go to school’), ilgi gulét (‘sleep
for long’) (the independent component is underlined).

Phrase-style constructions are divided into three groups in the
model: x-words, coordination constructions, and punctuation mark
constructions.

X-words currently represent constructions that are expressed in
Latvian by analytic forms, such as complex predicate and prepositional
constructions. These constructions are characterised by a strict internal
word order, as well as a precise number and type of elements. For example,
preposition constructions consist of one preposition and one nominal, and
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the type of preposition determines whether it is placed before the nominal
or after it - such Latvian prepositions as ap (‘around’), uz (‘on’, ‘to’), par
(‘over’) are used before the nominal, whereas dé] (‘because of’), labad (‘for
the sake of’) are used after the nominal (although there are also certain
prepositions that can be found in both positions in the actual language
material, e.g. dé] (‘because of’) and péc (‘by’, ‘after’)). Such reinterpretation
clarifies the idea of x-words in the initial SemTi-Kamols model: even though
the x-words in the original SemTi-Kamols model included some additional
constructions, e.g. coordinated parts of a sentence and the main word of
participial clause, the authors of the original SemTi-Kamols model believed
that the inclusion of all punctuation marks in x-words did not correspond to
the intended idea.

In Latvian, punctuation marks help evaluate grammatical structure,
therefore it was decided that punctuation should also be annotated in the
treebank, if possible, noting the motivation for the use of the punctuation
marks as well. As a solution to this problem, a second type of phrase-like
constructions was defined, namely, the punctuation mark construction
(PMC). This type of construction consists of a base element - a word or a
phrase (most often one) - and punctuation marks used in the sentence
because of that base element. As an example, this sentence can be examined:
Vins, ézdams kirsus, nosmeréja kreklu (‘While eating cherries, he got his shirt
dirty.”). There is a PMC that contains a base element (word) and two
commas, which are used because of the participial clause formed by the
participle ézdams.

In the improved LVTB model, another type of phrase-like
construction is used: similar to the original Tesniére’s dependency
grammar, a separate construction for coordinated elements is distinguished
here. This construction is consistently used in the LVTB model both to
represent coordinated parts of a sentence, such as boy and girl, and to
represent coordinated clauses, for example, zéns ir majds, bet meitene iet uz
skolu (‘the boy is at home, but the girl is going to school’) and zéns ir mdjas,
jo vinam Sorit bija iesnas un mate atlava neiet uz skolu (‘the boy is at home,
because he had a runny nose this morning and his mother allowed him not
to go to school). In some aspects, coordination constructions are
structurally similar to the two phrase types described above, however, the
structure of the coordination construction is not as strictly fixed as the
structure of x-words, and may also contain punctuation marks as they
separate coordinated parts of a sentence or clauses.

The LVTB model also supports the following additional information:
dependency relations have different types or syntactic roles (e.g., adverbial
modifier, attribute, grammatical object, situant, determinant, etc.), and each
kind of phrase-style construction has several subtypes. X-words are
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categorised according to the differences in their structure (prepositional
constructions represent one type, complex predicates represent another),
whereas PMCs are categorised according to the type of base element and the
motivation for the use of punctuation marks. The types of coordination
constructions show whether the annotated construction represents
coordinated parts of a sentence or clauses.

Defining the formal structure of the model was finished in the first
month of treebank annotation, meanwhile the annotation of certain
language constructions is being continually fine-tuned by linguists working
on the treebank throughout the annotation process, which may result in
changes in the phrase-style construction and dependency types; in such
cases the technical solutions must be easily adjustable. Over the course of
treebank annotation, one must face the shortcomings of the syntax theory
of the Latvian language, including various vague borderline cases and other
phenomena incompletely described in the theory. Some of the theoretical
problems identified in the formation of the treebank have been summarised
(Pretkalnina, Rituma, 2012) and the linguistic details of the model have
been described in more detail (Rituma et. al, 2019). In general, it has been
observed that the model has been stabilised after many development
iterations, so it is considered complete.

2.2 The Creation of the Treebank

This section describes the creation of Latvian Treebank (LVTB).
Firstly, the necessary tools and data formats have been described, followed
by the description of the process of creating the treebank itself.

2.2.1 Tools and Data Formats for Creating the Treebank

Since the LVTB data should be easy to store, browse and edit, it was
necessary to create or adapt the support tools and data storage formats that
would ensure this.

As the basic toolkit for manual processing of the treebank, the TrEd
toolkit developed at Charles University (Haji¢ et al., 2001) and the Prague
Markup Language (PML) data metaformat (Pajas, Stépanek, 2006) were
used. The native format of this toolkit is PML. The described decision was
made due to the wide functionality of TrEd toolkit and PML - among others,
avisual editing tool for TrEd has been developed, a search language for tree-
like structures PML-TQ with implementation already exists (Stépanek,
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Pajas, 2010), and a batch processing tool bTrEd?’ is also available. These
tools have been practically appraised by annotating several corpora,
including large ones, such as Prague Dependency Treebank (PDT) (Hajic et
al,, 2000), Prague Arabic Dependency Treebank (Haji¢ et al., 2004), Slovene
Dependency Treebank (Jeroski et al., 2006), among others. Furthermore,
Charles University offers the publishing services of such data as part of the
LINDAT/CLARIN initiativell.

It is also a valuable addition, that the PML standard allows the
division of annotations attached the text into several levels and the storage
of the data of each level in a separate file; this allows morphological
annotation (within one token) to be stored on one level and syntactic
annotation on another, thus creating a single storage standard for both
morphologically and syntactically annotated corpora. It would be easier to
add new levels of annotation to such a structure if the need arises in the
future to supplement the treebank with a higher level of annotations.
Furthermore, PML is also relatively easy to use outside of the TrEd toolkits
as PML is a subformat of XML (eXtensible Markup Language) metaformat,
therefore PML can be viewed with XML editors and processed with XML
processing tools as well. This, in turn, ensures the usability of data in this
format for future tasks that have not yet been defined.

Although the TrEd toolkit is postulated as a universal set of tools for
working with any kind of the previously described syntactic tree structures,
generally it has so far been used specifically for dependency corpora, so in
order to adapt it to LVTB needs, a new PML data format was defined (a
specific format that meets the general PML specification i.e. metaformat)
and designed specifically for annotating LVTB corresponding to the model
described in Section 2.1. By analogy with PDT, the annotation of the future
Latvian Treebank is also divided into three levels: tokenization,
morphological annotation and syntactic annotation. The levels of
tokenization and morphological annotation are designed to be as close as
possible to the corresponding levels of PDT, thus adopting approved
practices and providing easier comprehensibility for researchers who have
previously worked with PDT. The syntactic annotation level is based on the
PDT analytic level format, which represents dependency tree structures. For
the purpose of adapting it to LVTB needs, the format is supplemented with

10 pTrEd technical documentation

https: //ufal.mff.cuni.cz/pdt2.0 /doc/tools/tred /btred.html

11 Treebank Repository of Charles University:
https://lindat.mff.cuni.cz/repository/xmlui/discover?filtertype=subject&filter rela
tional operator=equals&filter=treebank
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phrase-style structures and empty nodes (not corresponding to any token;
PDT does not have such nodes) to depict cases of word omission (ellipsis).
Supplementation with phrase-style nodes has also been carried out in
practice by introducing a special type of empty auxiliary nodes, which serve
as representations of a phrase as a single, unified unit.

In order to be able to use this format adequately, its properties were
defined in PML schemas corresponding to the PML Schema Standard!2. An
extension for the graphic editor TrEd was also created (Pretkalnina et al.,
2011b). The extension contains a variety of features accessible through
keyboard shortcuts that make manual syntactic annotation more
convenient, as well as a style sheet visualisation used by both TrEd, and the
Charles University CLARIN/LINDAT repository, which offers the possibility
of keeping this type of data publicly available and accessible to any
interested party.

Additionally, the XSL (Extensible Stylesheet Language)
transformation was created, enabling the conversion of corpus data into
Tiger XML format (Mengel, Lezius, 2000), which is used by TigerSearch!3
and other tools developed by the University of Stuttgart.

2.2.2 Iterative Creation and Development of the Treebank

The annotation of LVTB started in 2010. Within various projects, the
size of the treebank has increased to 17 thousand sentences in 2022 and
thus has become an important resource for computational linguistics of the
Latvian language.

When describing the development of LVTB, one can define two
general phases: the pilot project of initial annotation and the massive
expansion phase of the treebank starting from approximately 2016.

Initially, in the pilot project, the treebank was annotated by one
syntax specialist and the possibilities for automated pre-annotation were
minimal. Thus, over several years, the treebank reached the size of
approximately 1500 sentences, but after the creation and integration of the
morphological tagger (Paikens et al.,, 2013) into the annotation process, the
size of the treebank increased to 5000 sentences in 2014 (Rituma et. al,
2019).

In 2016, the massive expansion of LVTB began. During the ERDF
project “Full Stack of Language Resources for Natural Language

12 PML Schema is defined in the PML specification, the Section 6:“PML schema file”
https://ufal.mff.cuni.cz/jazz/pml/doc/pml doc.html#pml-schema

13 TigerSearch website:

http: //www.ims.uni-stuttgart.de/forschung/ressourcen /werkzeuge /tigersearch.html
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Understanding and Generation in Latvian” (2016-2019) (see also
Section 3.2.1), the corpus reached the size of 10 thousand sentences. After
that, the quantitative and qualitative expansion of the LVTB was carried out
within the State Research Programmes “Digital Resources for Humanities”
(2020-2022) and “Letonika - Fostering a Latvian and European Society”
(2022-2024), and at the time of writing the thesis, the treebank has reached
the size of 17 thousand sentences. LVTB has served as a basis for various
research studies (e.g., Lokmane, Saulite, 2023a; Lokmane, Saulite 2023b,
Rituma et al. 2023), thus, helping to prove the 1st hypothesis of this thesis
seeing as a hybrid grammar model better corresponds to Latvian linguistical
tradition and therefore is easier to perceive for researchers in Latvia.

An approximate insight into the significance of the resulting size of
the treebank can be gained by looking at both historically important corpora
and the sizes of treebanks of other languages in the spring 2022 release!* of
the Universal Dependencies (UD) initiative (see Chapter 3 for detailed
information on UD). In this UD release, the size of UDLV-LVTB has reached
282 thousand tokens, and the release contains a total of 32 corpora, the
volume of which is at least 250 thousand syntactic words > each. If one
measures the total corpus size for languages that have multiple UD corpora,
out of the 130 languages included in the release, 30 have corpus sizes of at
least 250 thousand syntactic words. In this version the largest individual UD
treebanks have been created for German - UD_German-HDT (3,455 million
synt. w.), Russian- UD_Russian-SynTagRus (1,517 million), Czech -
UD_Czech-PDT (1,509 million), Japanese - UD_Japanese-BCCW] (1,253
million) and UD_Japanese-BCCWJLUW (995 thousand), as well as Icelandic -
UD_Icelandic-IcePaHC (985 thousand).

In 2010, when the research related to this doctoral thesis was
commenced, it was much more difficult to compare the world’s largest
corpora, as they were annotated according to different formal grammatical
models (including a slightly different tokenization system), but the three
most significant corpora were the already mentioned Czech PDT (1.5
million) (Hajic¢ et al., 2000), as well as the English Penn Treebank (3 million,
pioneer of Treebank studies) (Marcus et al., 1994) and the German Tiger
Treebank (900 thousand) (Brants et al. 2002). On the one hand, the
experience of other languages also shows that the need for such large

14 UDv2.10, available in the LINDAT repository http://hdlL.handle.net/11234/1-4758
15 The UD annotation paradigm defines that for certain languages some tokens
should be divided into several syntactic words, for example, the English
abbreviations mom’s and don’t are considered to be two syntactic words each, so in
some language corpora the number of such ‘words’ exceeds the number of tokens.
For Latvian corpus, however, these numbers match.
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treebanks has diminished. The most plausible reasons for this are the rapid
development of deep neural network language models, as well as the
growing use of transfer learning methods, which help improve the
modelling of the target language by using data from other languages. On the
other hand, according to the global experience in the currently most active
international community of computational linguistics - UD, a scientifically
valuable resource of a suitable size has been created for the Latvian
language, which is also reinforced by the results of several shared parser
building tasks (see Section 0).

2.3 The Importance and Impact of the Treebank

This section describes the publication of LVTB and the further use of
the resource in developing parsers.

2.3.1 Availability

The data of the treebank is annotated in a publicly inaccessible
repository, but the corpus itself is available in the form of publicly released
versions. Since 2018, the versions of the treebank have been published
every six months in the Charles University LINDAT/CLARIN repository
according to the UD release schedule, together with the derived UD corpus
of the Latvian language 16 described in Chapter 3. There, the persistent
linking of the treebank, as well as an online search option is provided, thus
also ensuring the validity of these corpora for scientific citation. The first
published version of the treebank contains 7.7 thousand sentences, the
latest (November 2022) - almost 17 thousand sentences!’. In order to
inform Latvian researchers about this resource, informative seminars 18
have also been organised.

2.3.2 Corpus-Driven Parser Research

Given the rapid development and widespread use of UD treebanks
(see Chapter 3), the description of the studies included in this section has a

16 All published versions of LVTB, as well as the versions of the UD treebank
described in Chapter 3 are available in the following repository section:
https://lindat.mff.cuni.cz/services/pmltq/#!/treebanks, by selecting Latvian

17 A brief description of the corpus versions and a summary of the used annotations

are also available on the IMCS UL resource http://sintakse.korpuss.lv/versions.html

18 For example, via the CLARIN initiative:
https://www.clarin.lv/lv/clarin-latvija-seminari/31-clarin-seminars-par-latviesu-

valodas-sintaktiski-marketa-korpusa-izmantosanu
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more retrospective meaning, since the unifying representation that the UD
ensures has opened up opportunities for many languages to use common
tools and uniform methods of building parsers without carrying out feature
extraction for each language. Additionally, due to the development of the
research field, new technologies for constructing parsers have emerged, and
international groups of researchers have also been involved in the
development of parsers for Latvian (see Section 0).

The studies described here played an important role in the creation
of the UD treebank described below: the problem of treebank
transformations was addressed and an initial insight was gained into the
impact of the dependency representation on the operation of parsers and
their downstream application. Furthermore, the varied LVTB dependency
representations available through the transformations confirm the 1st
hypothesis of this thesis, namely, that a hybrid model would expand the
usability of treebank compared to a dependency model. The data
transformations that were recognised as potentially useful in these studies
are in many respects similar to the UD annotation model, thus highlighting
the creation of the UD treebank as a logical continuation of the work.

At the same time, it should be noted that the latest research
developments at the time of completion of this thesis indicate a re-
actualization of hybrid models. Nivre et al. (2022) have examined a broad
set of typologically different languages (including the Latvian language UD
treebank described in Chapter 3) and cited the publication (Barzdin$ et al.
2007), which also served as the basis for the model described in Section 2.1.
They have concluded that the use of Tesniere’s nucleus elements in the
developments of parsers provides a small but statistically significant
improvement in parsing accuracy.

The following Section 2.3.2 is structured as follows: the comparative
parser studies are described in Section 2.3.2.4, while the prerequisites for
these studies are explained in Sections 2.3.2.1 - 2.3.2.3; first, Section 2.3.2.1
describes the choice of the parser system required for research
(corresponding to the cutting-edge methods of the time), then
Section 2.3.2.2 defines the metrics for comparing results and, finally,
Section 2.3.2.3 describes the data transformations required to enable the
use of the chosen parser system.

2.3.2.1 Selection of a Parser Training System

When creating a data-driven parser, it is necessary to align the data
annotation model with the one used in the parser. Since the LVTB model is
a hybrid model and it does not have a parser training system in place (as
this type of syntax models have been little used so far), the possibilities were
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considered for converting the data annotated according to the hybrid model
to be used for an already developed parser training system.

In line with the models widely used in treebank annotation, parser
training systems also essentially employ either a phrase structure grammar
or a dependency grammar model. Although parser systems that use the
phrase structure grammar model (Collins, 2002) have been known for a
long time, at the start of this phase of the study (2012), the best results were
given by parsers based on dependency grammar (Bohnet, Nivre, 2012),
which simultaneously perform a syntactic and morphological analysis.

At the beginning of this phase of the study, the manually annotated
treebank of the Latvian language was still relatively small (53,225 tokens)
and there was a larger, separate (manually) morphologically annotated
corpus (109,311 tokens, including the treebank). Therefore, it was decided
to initially carry out morphological tagging and syntactic parsing
sequentially, rather than simultaneously, in order to be able to generate a
higher accuracy rate for morphological tagging, since it would be possible to
use almost three times as much data for the training of the morphological
tagger. Higher accuracy of morphological tagging also improves the
accuracy of syntactic parsing.

Parser systems based on the dependency model were found to be
more effective not only because of the high accuracy at the time, but also
because certain systems that are based on the dependency model
implement non-projective tree processing with an algorithm specially
designed for that purpose (Nivre, 2009). In the case of the Latvian language,
this aspect is important because non-projective trees are formed more often
for languages with a rather free word order (McDonald et al., 2005). As an
alternative, the possibility of using a dependency parser that processes only
projective trees should be considered, however, in that -case,
projectivization transformation would be a necessary step for the pre-
processing and post-processing of data (Nivre, Nilsson, 2005).

In the parser systems that are based on the of dependency model, two
main methods were used for parsing at the time - transition-based parsers
(Nivre, 2009) and graph-based parsers (Koo, Collins, 2010), however, in the
context of these studies, the main conceptual disadvantage of graph-based
parsers is the inability to construct non-projective trees.

In addition, transition-based parsers have two practical advantages.
First of the advantages is the performance: for the graph-based parser, the
asymptotic estimate of execution time versus sentence length is 0(n®) or
0(n*), depending on the complexity of the employed substructures (Koo,
Collins, 2010), whereas for the transition-based parser the estimate is 0(n)
for projective parser (Nivre, 2009) and 0(n?) for non-projective parser
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(Nivre, 2003). Secondly, a parameter optimisation tool MaltOptimizer®
(Ballesteros, Nivre, 2012) has been developed for the widely used transition
parser system MaltParser?0 (Nivre et al,, 2007b); this tool automates the
rereading of machine learning parameters, thereby reducing the amount of
work required to successfully train the system.

2.3.2.2 Parser Evaluation Metrics

The following metrics are used to compare and evaluate parsers.

Unlabelled attachment score (UAS) indicates the fraction of the
total tokens for which the parent in the tree specified by the parser coincides
with the assigned standard e.g., annotated by a specialist.

Label accuracy (LA) indicates the fraction of the total tokens for
which the given role (as the dependent) coincides with the assigned
standard e.g., annotated by a specialist.

Labelled attachment score (LAS) indicates the fraction of the total
tokens for which the given standard coincides with both the parent and the
role (as the dependent) assigned by the parser.

Unless otherwise indicated, the metric values in this thesis are given
as a percentage.

2.3.2.3 Data Transformations

In order to use LVTB data for the training of MaltParser, it was
necessary to convert the annotations both from hybrid syntax model to the
dependency model and from PML XML to the CoNLL tabular data format?21.
The tools created for this aim are available online?22. This section focuses on
the transformations from the LVTB model annotations to that of
dependency annotations (Pretkalnina, Rituma, 2014), as data format
transformations are relatively simple - the necessary fields must be
extracted from PML XML files and recorded in a tabular format according to
the requirements of the CoNLL format.

In order to transform the corpus annotation, it is enough to define
how these basic constructions of the LVTB model need to be transformed:

e dependency relations between tokens;

19 MaltOptimizer website: http://nil.fdi.ucm.es/maltoptimizer/install.html

20 MaltParser website: http://www.maltparser.org/

21 CoNLL-X Shared Task: Multi-lingual Dependency Parsing website archived at

Wayback Machine:

https://web.archive.org/web/20160814191537 /http://ilk.uvt.nl/conll/#dataformat

22 GitHub repository CorporaTools: https://github.com/LUMII-AlLab/CorporaTools
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dependency relations in which the parent and/or child is a phrase-
style construction;

phrase-style constructions.

Using the basic concepts described in Section 2.1, it was decided to

use a conversion strategy that meets the following requirements:

the dependency relations between tokens before and after
conversion are identical;

phrase-style constructions are converted to fragments of the
dependency tree that are rooted trees;

in dependency relations, in which the parent or child is a phrase-style
construction, the phrase-style construction(s) is replaced with the
root node of the tree fragments created in the previous point.

When transforming to a dependency representation, information

that is no longer represented structurally is lost or encoded into roles. By
balancing information loss with the complexity of the role set, the following
role encoding system is created:

the annotation of the dependency edges is supplemented with a
prefix indicating whether the dependency head in the original
annotation is a token (prefix dep) or a phrase-style construction
(prefix phdep);

for an element that becomes a root of the subtree representing a

phrase-style structure, a composite role is formed, consisting of:

1. aprefixindicating whether the structure in question depends on
a token (prefix dep) or on the phrase-style construction (prefix
phdep) in the original annotation, as well as a dependency role
that was assigned to the phrase-style structure in the original
annotation;

2. a phrase type and role of the element within the phrase (this
part of the role is not included in cases where the role that
occurs in Point 1 is syntactically viable for that element even
when the element is not included in the phrase);

the remaining components of the phrase are annotated with a

compound role, consisting of the type of phrase and the role of the

element in the phrase;

information on the empty nodes representing word omissions is

discarded.

An example of the transformation can be seen in Figure 4. The given

description defines the general -characteristics chosen for the
transformation, but in order to obtain a fully defined transformation, it is
necessary to indicate how each of the phrase-like construction types used in
the corpus should be transformed.
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ROOT-sent:punct

sent:pred
gdja

subj N adv dep:subj-crdParts:conj dep:adv-xPrep:prep
lcrdParts lerep lun uz
crdPart  conj crdPart prep )basElem crdParts:crdPart crdParts:crdPart xPrep:basElem
Zéns un meitene  uz skolu Zéns meitene skolu
attr dep:attr
veco veco

Figure 4: An example of a syntax tree transformation

After consulting linguists 23, transformations were unambiguously
defined for most phrase-style constructions, however, certain individual
groups of phrase-style constructions were also identified in which linguistic
knowledge does not give a clear-cut decision on the optimal method of
transformation. LVTB has four such groups:

e complex predicates (denoted by the x-word type xPred in the
treebank);

o  perfectverb tenses e.g,, ir gdjis (‘have gone’);

o modal predicates e.g., varéja gulét (‘could sleep’), gribéja ést

(‘wanted to eat’), gadijas pakrist (‘happened to fall’);
o compound predicates e.g., ir gudrs (‘is smart’), bija skolotajs
(‘was a teacher’), biis auksti (‘[it] will be cold’);

e coordinated parts of a sentence and clauses (in the treebank - all
types of coordination constructions);

e phrase-style constructions aimed at including punctuation marks
into the tree (in the treebank - all punctuation mark construction
(PMCQ) types), for example:

o  PMCs of subordinate clauses,

o  PMCs of insertions and parentheses,

o  PMCs of address.

23 Special thanks to Laura Rituma, Baiba Saulite, Gunta NeSpore-Bérzkalne and Ilze
Lokmane.
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Transformational alternatives were created for these constructions
to further study the impact of decisions on the design and usability of
parsers.

2.3.2.3.1 Transformations of Complex Predicates

Each complex predicate contains one base element (basElem role in
the corpus), which denotes the semantically dominant element, as well as
one or more auxiliary verbs (auxVerb role in the corpus) and/or modifiers
(mod role in the corpus). For example, in a phrase ir skolotdjs (‘[he/she] is a
teacher’), the noun skolotajs (‘teacher’) is the semantically dominant word
and therefore the base element, whereas ir (‘is’) is an auxiliary verb.
Following the same logic, in the phrase peldét gribi (‘[you] want to swim’)
the verb peldet (‘swim’) is the base element. Given that the construction
allows these and only these components, it was decided to consider the
following transformations (see Figure 5):

pred
lered

d) Original

basElem auxVerb auxVerb
Veca esmu palikusi
e) xpredBASELEM f) xpredDEFAULT
sent:pred sent:pred-xPred:auxVerb
Veca \ esmu \
xPred:auxVerb xPred:auxVerb xPred:basElem xPred:auxVerb
esmu palikusi Veca palikusi

Figure 5: Examples of complex predicate transformations,
legend: green edges - components of the x-word (phrase), brown edges - dependencies

o  xpredBASELEM?* - an element with the role basElem is selected as the
root of the subtree corresponding to the phrase, whereas the other
elements of the phrase (in the case of a correct tree — with the roles
auxVerb, mod) are made dependents of the selected root element (see
Figure 5b);

e xpredDEFAULT - the linearly first element (i.e. first relative to the
order of tokens in the text) with the role auxVerb or mod, is selected

24 Here and further, the names of the transformations are coordinated with those
used in papers and in the CorporaTools repository.
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as the root of the subtree corresponding to the phrase; the rest are

made dependents of the selected root element (see Figure 5c).

The xpredDEFAULT transformation could be improved by refining
the criteria for selecting the root element in the case of multiple auxVerb
and/or modroles, since the choice of the firstlinear element does not ensure
that the chosen phrase element will represent the same relation. For
example, in the phrase esmu palikusi veca (‘[I] have become old’) the verb
esmu (‘have’) would be chosen as the first linear element, whereas in the
phrase veca palikusi esmu (different word order), the verb palikusi
(‘become’) would be chosen. However, these improvements were not
possible to carry out in this phase of the study without manually
supplementing the treebank with additional annotations that would help
make such a choice.

2.3.2.3.2 Transformations of Coordination Constructions

Coordination constructions consist of two or more coordinated
elements (with the corpus role crdPart) separated by punctuation marks
(with the corpus role punct) and/or conjunctions (with the corpus role
conj). For example, in the phrase sédéja, éda un dzéra (‘sat, ate and drank’)
the coordinated elements are the verbs sédéja (‘sat’), éda (‘ate’), dzéra
(‘drank”), the last two coordinated elements are separated by a conjunction
un (‘and’), while the first two are separated by a punctuation mark (comma).
The conjunction can also be located before the first coordinated element, as
in the example gan zéni, gan meitenes (‘both boys and girls’).

The annotation of coordination constructions varies widely in
different dependency corpora, differing both in general decisions and
nuances. Popel et al. (2013) proposes to divide the types of annotation of
coordination constructions into three families depending on the
configuration of the coordinated elements:

e the Prague family - all coordinated elements are children of one of
the separating conjunctions or punctuation marks;

e the Moscow family - the coordinated elements form a string of
dependencies;

e the Stanford family - the other coordinated elements are dependents
of the first or last coordinated element.

Based on this, transformations were created (see Figure 6) the
results of which represent each of these families:
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a) original oy

crd Pan\sx3

crdPart punct crdPart punct/crdPart punct crdPart conj/crdPart
pakajus durvis apdares , lietas
attr attr
koka tamlidzigas

b) coordDEFAULT

ldep:ob'-crdPartspunct

crdPartscrdPart  crdPartsccrdPart  crdPartspunct crdPartsicrdPart  crdPartsipunct  crdPartsicrdPart  crdPartsiconj  crdPartsicrdPart

pakajus durvis B apdares . liftus un lietas
dep:attr dep:attr
koka tamlidzigas
¢) coord3_LEVEL d) coordROW
?
dep:obj dep:obj

pakajus pakajus
crdParts.crdPart crdParts.crdPart  crdParts.crdPart crdParts.crdPart crdParts;punct
durvis lapdaresc/ liftus lietas B
crdPartspunct crdPartspunct dep:attr crdPartspunct crdParts.conj dep:attr crdPartsicrdPart
\ s koka s un tamlidzigas durvis
crdParts:punct
e) coordROW_NO_CON] ,
dep:obj
pakajus crdPartscrdPart
!apdares
crdParts.crdPart X
durvis dep:attr crdParts;punct
koka .
crdParts;punct crdParts.crdPart
. apdares crdPartscrdPart
liftus
crdPartspunct dep:attr/ crdParts.crdPart
' kola liftus crdParts.conj
un,
crdParts;punct crdParts.crdPart
’ lietas crdParts.crdPart
lietas
crdPartsiconj dep:attr
un tamlidzigas dep:attr
tamlidzigas

Figure 6: Examples of coordination construction transformations,

legend: blue edges - components of coordination construction (phrases),
brown edges - dependencies
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e coord3_LEVEL - representative of the Stanford family: the linearly
first element with the role crdPart is chosen as the root of the subtree
corresponding to the phrase and other elements with the crdPart
roles are linked as its children. The conj and punct elements are
linked as children to the closest crdPart element, which is located
after them in the sentence (see Figure 6¢);

e coordDEFAULT - representative of the Prague family: a conjunction
is chosen as the root of the subtree corresponding to the phrase,
which is located between the linearly first element with the crdPart
role and the second one. If there is no such conjunction, e.g. in the
phrase zéni, meitenes un suni (‘boys, girls, and dogs’), the punctuation
mark between the first two linear elements with the crdPart role is
chosen. All other elements of the coordination construction are
linked as children to the selected root of the subtree (see Figure 6b).

e coordROW_NO_CONJ - representative of the Moscow family: the
linearly first element with the role crdPart is is chosen as the root of
the subtree corresponding to the phrase. Each subsequent element
with the crdPartrole is linked as a child to the previous one. Elements
with roles conj and punct are linked as children to the closest element
with the crdPart role located after them in the sentence (see Figure
6e).

e coordROW - representative of the Moscow family: the linearly first
element with the role crdPart is chosen as the root of the subtree
corresponding to the phrase. Each subsequent element of the phrase
is linked as a child to the previous one. If an element with a conj role
is located before the first element with the crdPart role, it is linked to
the first element with the crdPart role (see Figure 6d).

2.3.2.3.3 Transformations of Punctuation Mark Constructions

Each punctuation mark construction (PMC) contains the following:
one base element (corpus role basElemin), which, together with the
elements underneath it in the subtree, causes the use of the punctuation
marks, and one or more punctuation marks (corpus role punct). This
construction may also include conjunctions (corpus role conj), for example,
in cases when a subordinate clause separated by punctuation marks starts
with a conjunction or an arbitrary number of elements without a clearly
defined syntactic role (corpus role no) e.g. addresses, insertions, particles.
For example, in the sentence Bet, Anna, aizver durvis! (‘But, Anna, close the
door!) the PMC of the sentence consists of an exclamation mark, a
conjunction bet (‘but’), the base element aizver (‘close’), and an element
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with the no role, which further contains another PMC (address) with the
basic element Anna.

Given that the most important elements of the construction are
basElem, punct, and conj (if present), the following transformations were
considered (see Figure 7):

a) original b) pmcBASELEM c¢) pmcDEFAULT
spen dep:spc-spcPmc:basElem dep:spc-spcPmc:punct
!spchc Sataustijusi
basElem punct dep:obj spcPmc:punct spcPmc:basElem
Sataustijusi lnaudasﬁmi , Sataustijusi

obj dep:attr dep:obj
lnaudaaTmi vajadzigo lnaudaaTmi

attr dep:attr

vajadzigo vajadzigo

Figure 7: Examples of transformations of PMCs,
legend: purple edges - components of the PMC (phrases), brown edges - dependencies

® pmcBASELEM - an element with the role basElem is selected as the
root of the subtree corresponding to the phrase, while other elements
of the phrase are made dependents of the selected root element (see
Figure 7b);

®  pmcDEFAULT - the first linear element with the role conj (or, if there
is none, the first element with the role punct) is selected as the root
of the subtree corresponding to the phrase and the rest of the
elements are made dependents of the selected root element (see
Figure 7c).

2.3.2.3.4 Summary

Each phrase transformation is carried out independently from
others, so it is possible to readily combine the considered transformation
variants. Thus, it is possible to obtain 16 different transformations to
convert the treebank data for the training of the dependency parser. By
using these transformations, 16 treebank versions can be obtained, in which
the same texts are annotated in different ways. However, in order to
pinpoint the comparative advantages of the resulting treebank versions,
practical experiments were necessary, since there were not enough
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theoretical linguistic considerations that would give a clear answer
regarding this.

2.3.2.4 Parser Training and Transformation Comparison

The first parser training experiments were carried out by manually
comparing the parsing algorithms implemented in the MaltParser system
(Pretkalnina, Rituma, 2013). However, for further selection of the system
parameters, it was chosen to use the MaltOptimizer system (Ballesteros,
Nivre, 2012), which performs the selection of the most suitable parameters
in a three-step process. In the first step, MaltOptimizer calculates the general
parameters of the corpus, such as the number of tokens and the proportion
of non-projective trees. In the second step, the parsing algorithm is selected.
In the third step, the training features are selected according to the parsing
algorithm - for certain tokens it is possible to add word form, lemma,
morphological information and the (FEATS) column featured on the CoNLL
tabular format, which allows to provide any additional information.

The experiments were conducted using the manually created
morphological annotation already existing in the corpus, as well as the
automatically tagged morphological annotation. In comparative
experiments, emphasis has been placed on the use of automatically
generated morphological annotation, as this option is better suited to the
possible uses of the parser - manual morphological annotation takes time
and human resources, so parsers are most often used for texts with
automatically created morphological annotation. The use of automatically
annotated morphology resulted in a slight drop in accuracy - around 1-2
percentage points (Pretkalnina, Rituma, 2013).

For a better insight in the effect of the created transformations of
syntactic annotations on parsing, two types of experiments were conducted.
The extrinsic evaluation of parsers was based on the results generated by
tools that employ parsers, whereas the intrinsic evaluation of parsers was
performed by comparing parsing accuracy for fixed test datasets and
individual structures within them.

2.3.2.4.1 Extrinsic Evaluation

Although a syntactic parser has the potential of vast applications in
the data preparation and indexing for linguistic studies, more often they are
integrated into various tool systems that use the results of syntactic analysis
as input data for other tools. It is therefore essential not only to evaluate
how syntactic representation affects the accuracy of parsing, but also
examine its impact on the accuracy of the tools using the parsing-generated
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results. For this aim, detailed experiments were conducted with the 16
transformations described and the three tools created for the Latvian
language, which are applicable to various aspects of semantic analysis: the
semantic role labeller, the coreference resolution tool and the named entity
recognition tool.

Semantic role labelling (SRL) (e.g., Barzdins et al, 2014) is a
semantic analysis task that works at the level of a sentence in the given
Latvian language tool created at the time. This tool uses the FrameNet?>
(Ruppenhofer, 2010) method - it recognises a finite number of situations,
i.e, semantic frames that consist of frame targets and frame elements. The
employed Latvian language tool is designed for 26 different frames that are
characteristic of news articles e.g., birth, selling/buying, taking office,
establishing a company. The labelling is carried out in two stages: firstly, by
locating the frame targets that identify the frame, and secondly, by
pinpointing the instantiations of possible frame elements for the identified
frames. As an example, the following sentence can be examined: “Uznéemums
“Laima” iegadajies razoSanas tehniku 30 tiikst. eiro apjoma” (‘The company
“Laima” has purchased production equipment worth 30 thousand euros’). If
the semantic roles in the sentence should be labelled using the previously
described SRL method, it can first be noted that the word iegadajies
(‘purchased’) evokes the selling/buying frame, and that it can subsequently
include the frame elements ‘buyer’ (the company “Laima”) and ‘purchase’
(production equipment).

During the first stage of labelling, the SRL tool uses the dependency
roles as features, but during the second stage both the roles and the
structural features of the syntactic tree are used. Also, the structure of a
dependency tree determines the boundaries of frame elements, if the
element is instantiated by several words. In the previous example, the
element purchase would correspond to production equipment worth 30
thousand euros; the labelling tool would mark equipment as a frame element,
while the rest of the words, being the components of the frame element,
would be identified as children or descendants of equipment in the
dependency tree.

Coreference resolution (e. g, Znotins, Paikens, 2014) is a semantic
analysis task that is carried out on the level of the entire text. The purpose
of this task is to identify a type of sentence fragments that are called
‘mentions’, which refer to a single person or thing (referent). For example,
in the text Janis ir centigs jaunietis, vins vienmér izpilda majasdarbus (‘]anis
is a diligent young man, he always does his homework’) the process of
coreference resolution would consist of identifying the fact that Janis and

25 FrameNet project website: https://framenet.icsi.berkeley.edu
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vins (‘he’) are different mentions of the same referent. In coreference
resolution, the characteristics of the dependency structures are used as
identifying features.

Named entity recognition (NER) (e. g, Paikens et al., 2012; Znotins,
Paikens, 2014) is a semantic analysis task that is carried out on the levels of
a sentence, as well as the entire text. The aim of this task is to identify place
names, personal names, company names and other named entities within
the scope of the system in question 26. The process of named entity
recognition for Latvian essentially uses templates and lists of names, but for
the purposes of experiments the tool was supplemented by the use of
syntactic features, namely, dependency roles and certain characteristics of
dependency structures (for example, the ancestor closest to a certain node
in the dependency tree, which is a noun).

The results of the experiments have been published in Pretkalnina et
al. (2014). Looking at the results of several semantic tools, it was concluded
that the most suitable dependency representation may differ depending on
the semantic task at hand.

o For NER, the use of syntactic features did not noticeably improve the
accuracy of results, therefore, as far as tool pipelines are considered,
itis possible to even use it before the parser.

e The best results in coreference resolution were achieved using
parsers that represent coordinated parts of a sentence as
coordDEFAULT, despite the fact that the syntactic parsing accuracy
provided by these parsers themselves were noticeably worse.

e For the SRL, the use of syntactic information lead to a significant
improvement in the second stage i.e., identifying frame elements - in
this respect, the best results were achieved by a parser that
represents coordinated parts of a sentence as coordROW_NO_CON].
Thus, in order to obtain optimal performance of semantic tools for

the resources at the time, it was not enough to choose a parser with the
highest accuracy of results, even if the accuracy rates differed by more than
five percentage points (~10%). This confirms that the decision to use the
LVTB hybrid annotation model in a treebank has been vastly successful; this
allows for easy retrieval of different dependency representations, which in
turn helps identifying the most appropriate dependency structure for each
case of parser use.

At the same time, it should be noted that the results were obtained
from a small corpus and there were large fluctuations in result accuracy

26 The NER tool, which was developed for Latvian, does not consider dates and time
identifiers as named entities, although sometimes such information is also included
in the scope of the task.
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during the training. Even though the results provided significant insights
into the further development of the study at the time, it is not safe to draw
conclusions from them regarding large corpora and other parsing methods.

2.3.2.4.2 Intrinsic Evaluation

The suitability of dependency representation for various tasks can be
evaluated not only based on the accuracy of certain task performance, but
also by how accurately the parser system learns one or other representation
of a certain syntactic structure. Therefore, a second series of experiments
was conducted in which the parser results were compared regarding
structures with ambiguous representation, such as coordination
constructions, complex predicates and PMCs. The results of these
experiments were published (Pretkalnina, Rituma, 2014).

A series of experiments were conducted to evaluate the parsers and
the results were compared in three ways using LAS, UAS, and LA metrics:

1) the results of the parser as a whole;

2) the components of a certain phrase for the following groups of
phrases (each group evaluated separately):

e PMCs,

° coordination constructions,

e  complex predicates;

3) phrase dependents for the following phrase groups (each group
separately):

. PMCs,

° coordination constructions,

e  complex predicates.

To obtain the quantifiable tokens for the metrics of groups 2 and 3,
the original (hybrid model) corpus annotation was used. The following
components are considered as parts of a phrase:

a. atoken thatis marked as part of a phrase in the original annotation;

b. (if the phrase component itself is a phrase) a token which, after
transformation into a dependency representation, becomes the root
of the subtree representing the subphrase.

The following components are considered a phrase dependent:

a. A token that is marked as a phrase dependent in the original
annotation;

b. (if the phrase dependent is a phrase) a token which, after
transformation into a dependency representation, becomes the root
of the subtree representing the phrase.

Summarising the accuracy of component recognition for the various
dependency representations of phrase-style constructions, it was concluded
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that the xpredDEFAULT and pmcDEFAULT parsers are superior, thus also
confirming the tendencies observed in the overall results. When analysing
the results of the recognition of coordination construction elements, it was
observed that the results of coordDEFAULT parsers are clearly worse than
others. This tendency was also reflected in the overall results. Component
recognition and overall accuracy tests both show that the dependency
structures of the Moscow family are superior - the best results were given
by coordROW and coordROW_NO_CON] parsers, but the results did not show
that either one of both was definitely better than the other.

When analysing phrase-dependent recognition, the most difficult
aspect was the small number of elements dependent on punctuation and
coordination constructions within the corpus - 2.5% and 1% of tokens 27
respectively; therefore the accuracy was low for these dependents.
Regarding the constructions of coordinated parts of a sentence, it was
concluded that at the time the size of the corpus was not sufficient to fully
learn to distinguish between the common dependents of coordination
constructions and the dependents of one coordinated element, since LA had
a very low (15-30%) recognition rate for all types of coordination
constructions. Regarding the dependents of PMCs, one must keep in mind
that in the case of pmcDEFAULT, the root of the corresponding dependency
subtree is a conjunction or a punctuation mark, whereas in pmcBASELEM
the fragment of the tree structure under question is similar to cases where
the base element of the PMC is used with the same dependent, just outside
of the PMC. It was therefore concluded that in the case of a sufficiently large
corpus, the use of a pmcDEFAULT type of representation would in theory be
more informative, whereas for a small corpus (such as the one available for
the experiment) it is better to use pmcBASELEM, which is easier to learn for
a parser.

On the other hand, when analysing complex predicate dependents
with numerous examples in the corpus, recognition results are in favour of
xpredDEFAULT. This, together with component recognition and general

27 The LVTB data available at the time of the experiments were as follows: 15.3% of
the tokens were components of coordination constructions, 31.9% of tokens were in
PMCs and 7.1% were in complex predicates. The dependents of the mentioned
phrases were relatively rare- there was 1% of coordination construction
dependents in the whole corpus, as well as 7% of complex predicate dependents and
2.5% of the PMC dependents (in PMCs the dependent consists of elements that apply
to the entire clause, and not to an individual part of the sentence; according to the
theory of Latvian linguistics they are usually situants and determinants, as well as
some types of subordinate clauses).

99



experiment results, clearly suggests that the use of xpredDEFAULT is the
optimal solution.

Parser variants, the advantages of which are indicated by the analysis
of individual linguistic phenomena, also count among the best in general
tests. Compared to the general results of parsers obtained in the previous
series of experiments (see Section 2.3.2.4.1 and (Pretkalnina et al., 2014)),
it can be observed that due to the small size of the corpus, the results have
a rather high degree of instability. However, in general, these initial studies
provided valuable insights into the construction of parsers and helped
prepare for the subsequent studies described in the next chapter.
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3 Latvian Universal Dependency Treebank

In 2014, using the Universal Dependency Treebank project (McDonald
et al,, 2013) and the HamleDT project (Rosa et al., 2014) as its basis, the
Universal Dependencies, (UD) initiative was created. The project is
coordinated by Joakim Nivre with the aim of offering a language-
independent framework for creating treebanks?28. The main goals of the UD
initiative are as follows: high linguistic accuracy of annotation, cross-lingual
consistency of annotations, quick process of annotation and parsing, easy
access (intelligibility) for potential users of data outside the circle of
linguistics, as well as usefulness for further use in natural language
understanding (Nivre et. al., 2016). To achieve these goals, the UD initiative
has developed guidelines for a dependency-based annotation model and
provided a clear definition of the employed roles and morphological
categories, as well as the possibilities of creating language-specific model
extensions and guidelines. With the publication of a new version of the data
every six months, the range of data created by the initiative is rapidly
developing: the UD version 1.2 published in November 2015 includes 37
corpora for 33 languages, version 2.2 published in July 2018 includes 112
corpora for 71 languages, and version 2.11 published in November 2022
includes 243 corpora for 138 languages?°.

Participation in the UD initiative with a Latvian language corpus
annotated according to the provided guidelines expands various
possibilities for research and applications - the language-independent
model allows comparative studies in which Latvian language data is used
together with other language data, as well as the use of various tools
developed by other researchers designed for this grammar model and data
format. A treebank suitable for parser training is an essential goal of this
work, which also aligns with the intention of UD to ensure a seamless
parsing process. In addition, the striving of the UD towards both linguistic
accuracy and usability in natural language understanding tasks aligns with
conclusions from Section 2.3.2.4, which describes the necessity to select a
syntactic representation that not only serves parser training purposes, but
also ensures that the results generated by the parser would be informative
enough for further use. Therefore, it was decided to explore the possibilities
of creating custom transformation that would allow the data of the Latvian
Treebank (LVTB) to be published within the UD framework.

28 UD Initiative website: https://universaldependencies.org/
29 UDv2.11 is available in the LINDAT repository

http://hdl.handle.net/11234/1-4923
101


https://universaldependencies.org/
http://hdl.handle.net/11234/1-4923

3.1 The Creation of the Treebank

The first time that the Latvian UD Treebank (UDLV-LVTB) was
published alongside other UD corpora was in version 1.3 in May 2016
(Pretkalnina et al.,, 2016). The initial version of the corpus consisted of
approximately a thousand sentences (the LVTB newswire portion), but in
version 2.0 contained a transformed version of the entire LVTB material
annotated at the time. In version 2.11 released in November 2022, the size
of the UDLV-LVTB corpus has reached 285 thousand tokens and 16.9
thousand sentences.

UDLV-LVTB contains the following annotations (the names of the
corresponding fields in the CoNLL-U tabular data format used by UD are
given in parentheses):

e the textis divided into tokens and sentences;

e a lemma is specified for each token (LEMMA is a preferred but
optional field according to UD guidelines);

e for each token, morphological information is indicated: a
morphological tag from the original annotation (XPOS is a preferred
but optional field), a part-of-speech identifier according to the UD
specification (UPOSis a mandatory field), and the expansion of
morphological features according to the UD specification (FEATS is a
preferred but optional field);

e the structure of dependencies is indicated within the scope of a
sentence, that is, each token has its parent in the dependency tree
(HEAD is a mandatory field) and the dependency type i.e. syntactic
role (DEPREL is a mandatory field) shown;

e starting with version 2.1, within the scope of a sentence, an expanded
dependency structure containing additional links useful for further
use in language understanding tasks (DEPS is preferred but optional
field) is also included.

The annotation is obtained by processing LVTB data with a LVTB2UD
transformation specifically created for UD purposes. This makes it easy to
replenish the UD treebank when LVTB is updated with new data. The source
code for the transformation is available online3°. While moving from version
1.4 to 2.0, significant changes and clarifications are made to the UD
guidelines, and the transformation is updated accordingly. Further on in this
text, unless indicated otherwise, the operation of the transformer according
to the guidelines of the latest version (2.11) is described.

30 GitHub repository CorporaTools, LVTB2UD folder:
https://github.com/LUMII-AlLab/CorporaTools/tree/master/LVTB2UD
102


https://github.com/LUMII-AILab/CorporaTools/tree/master/LVTB2UD

3.1.1 The Transformation of UDLV-LVTB Creation

UDLV-LVTB is a rule-based transformation grounded in the
experience described in Section 2.3.2.3, but unlike the initial
transformations, instead of being parametric, this one is designed as a
complex set of rules aimed at describing with maximum accuracy how each
of the LVTB constructions (phrases of different types, dependencies) is
transformed into a UD construction, including both the relabelling the roles
accordingly and structural changes.

LVTB2UD processes input data sentence by sentence, performing the
processing steps for each sentence as described below. The processing of
each sentence is algorithmically independent of the processing of previous
and subsequent sentences.

3.1.1.1 Tokenization

The first step in the processing of each sentence is to deduce whether
the LVTB tokenization complies with the UD guidelines, and if not, to create
an altered tokenization. Such differences are rare and fall into two
categories: corrections of editorial errors and ‘words’ with spaces in them.

In line with the practice of PDT, editorial errors, such as redundant
diacritical marks (e.g. gribas) and words that are incorrectly spelled
together or separately (e.g. ja dara, kautkas) in LVTB, are corrected at the
same PML level (see Section 2.2.1) as morphological annotation (in the
same file), while syntactic annotation is created at the next level (in another
file) for the already corrected text. The UD methodology, on the other hand,
requires using a text with all editorial errors and introduces the dependency
role goeswith to connect unnecessarily separated words (e.g. ja dara). Since
LVTB contains information about both the original text and the type of
editorial correction, in this step the original text is reconstructed and, if
necessary, goeswith links are also added. For errors such as omitted
commas, for which the UD does not specify the manner of indication,
codified comments are placed in the appropriate token’s MISC field, which
is intended to provide unspecified information. However, this
representation may change in the future if the UD specifies a uniform way
of indicating such information.

In the initial LVTB and UD versions, there was a large rate of
incompatibility regarding the use of ‘words’ with spaces - while UD did not
allow such cases at all, LVTB allowed them in numerous cases, such as the
representation of figures written in numbers (10 000), coordination
conjunctions and particles (lai gan) and abbreviations (u. c.). However, in
version 2.0, the LVTB and UD approaches became much closer: The UD
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supplemented the guidelines with the option of using ‘words’ with spaces
with the prerequisite that they must listed in the language-specific
documentation using regular expressions, while LVTB, in line with UD,
deprecated annotating complex conjunctions and particles as unified
tokens. As a result, both LVTB and UDLV-LVTB use only certain tokens
containing spaces as enumerated list of abbreviations (P. S., N. B. and such
abbreviations as u.c. (‘etc.’), v.tml (‘or similar’) if they are written down with
a space in them) and figures written down using numbers; in this aspect,
specific conversion is no longer necessary.

3.1.1.2 Initial Morphological Information

The next step is to fill in the morphology fields LEMMA,, XPOS, UPOS,
and FEATS. The fields XPOS and LEMMA are filled in with the morphology
tags and lemmas given by LVTB. The UPOS and FEATS fields are filled in
according to the rules developed by linguists that use lemmas and tags as
input data. In some cases, this information is not enough to determine UPOS:

e UD needs a division of LVTB’s pronouns into determiners (DET, a
pronoun that replaces an adjective, ta maja (‘that house’)) and
pronouns (PRON, a pronoun that replaces a noun, tas ir vins (‘it is
him’)), while LVTB does not provide such a division, since in Latvian
it is often not expressed by morphological markers.

e UD requires a separation of adverbs that introduce a subordinate
clause (SCONJ) from other adverbs (ADV), while LVTB does not
require such a division as it is not expressed in Latvian by
morphological markers.

e UD requires that for insertions from other languages, an appropriate
part-of-speech should be indicated so it is known which part of
speech the insertion replaces in the given sentence, whereas LVTB
annotates such cases altogether as nonmorphological elements.

The contents of the FEATS column are essentially determined by the
features included in the morphological tag, but in some cases features are
also assigned according to the lemma enumeration, e.g. for most adjectives,
the feature Poss (possesive) is not indicated, but expressed through such
words as manéjais (‘mine’), tavéjais (‘yours’). The UD also offers a number
of features and feature values that are not useful for the Latvian language
because they do not appear as morphological categories, such as Animacy or
Case=Erg. In order to better infer certain features, the annotation used by
LVTB was also improved, e.g. participle annotations were supplemented
with indicators of degree and negation. Thus, the participation in the UD
initiative also influences the development of the hybrid model.
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This step of morphological annotation, along with the tokenization
described in the previous section, can also be performed if only
morphological, but not syntactic, annotation is available for the text. Thus,
these tools can also be used to make the results of the morphological tagger
(Paikens et al., 2013) available for international projects.

3.1.1.3 Syntactic Structures of UD

The most important step of the transformation is the deducing of the
syntactic structures of UD from the available LVTB annotations.

A comparison of the basic UD dependency tree and the LVTB
annotation found that (1) the dependency relations used by LVTB
correspond to the UD dependency links, (2) phrase-like constructions in
LVTB mostly correspond to interconnected tree-like fragments in the UD
tree and (3) the dependents of phrase-like constructions in the LVTB tree
correspond to the root dependents of the relevant tree-like fragments in the
UD tree. Therefore, the transformation can be constructed as a recursive
algorithm that transforms each phrase-style construction or dependency by
using the information available in its immediate neighbourhood. The
developed transformation is based on tree traversal, by recursively
processing first the children of each node (including both dependents and,
ifit is the node of a phrase, also the components of the phrase) and then the
node itself (postorder traversal).

When processing each node, its dependents are assigned UD
dependency roles, based on both the LVTB roles and the morphological
characteristics of the dependent and the parent. When processing the nodes
of phrase-like constructions, the corresponding fragment of the dependency
tree is created and each component of the structure is assigned a UD
dependency role, based on its LVTB role and morphological annotation, as
well as the overall annotation of the phrase-like construction: type, role in
the sentence and morphosyntactic tag of the phrase.

Empty nodes that denote word omission i.e. ellipsis nodes (or
reduction in older papers), are processed as follows:

1. ellipsis nodes without dependent nodes are not converted to UD;

2. (for ellipsis nodes with dependents) based on their potential UD
roles, one of the dependents is selected as a replacement for the
ellipted element; this node is then subordinated to the parent of the
ellipted element and the other dependents of the ellipted element
are subordinated to it.
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Over the course of this thesis, a detailed many-to-many mapping
between the roles used by LVTB and UD has been developed?3!, but it has
also been concluded that in some cases the LVTB annotations do not allow
to accurately determine the UD role (Pretkalnina et al.,, 2016).

Version 2.0 of the UD guidelines describes optional supplementary
annotations that would further facilitate the use of UD data in various
software applications- the so-called enhanced dependencies. The
guidelines propose five types of additional information for annotations,
each of which is optional:

1. null nodes representing elided predicates;

2. edges that link each of the coordinated parts of a sentence to their
common parent and common dependents (in basic dependency
trees, only the first of a series of coordinated parts has such a direct
link);

3. edges indicating the controlled/raised grammatical subjects of the
sentence e.g. in the sentence vins grib ést (‘he wants to eat’) the
subject vins (‘he’) is connected not only to grib (‘wants’) (edge in the
basic dependency tree), but also to ést (‘eat’); in the sentence
pavelkot virvi, vina atséja mezglu (‘by pulling the rope she untied the
knot’) the subject vina (‘she’) is also connected to pavelkot
(‘pulling”);

4. additional edges that link relative pronouns introducing a
subordinate clause to a part of the main clause to which the
pronoun refers to;

5. Additional information that can be included in the role:

a) grammatical case or preposition can be added to the role of a
non-core nominal part of a sentence, such as nmod:loc for a
noun in locative;

b) The adverb introducing a subordinate clause can be added to
the role of a subordinate clause e.g., advcl:kad for an adverbial
clause, which is introduced by the adverb kad (‘when’).

After analysing the guidelines and the LVTB annotations, it was
concluded that it is impossible to comply with Point 4 without additional
annotating of coreferences, since LVTB annotation does not distinguish
whether pronouns and adverbs introduce a subordinate clause or not. For
the same reason, the conditions of Point 5 can only be partially fulfilled -
information is given only about grammatical cases and prepositions (a), but
not about the adjectives introducing subordinate clauses (b).

31 The latest version is published for each release on the LVTB website
http://sintakse.korpuss.lv/. At the time of writing the work it was the following one:
http://sintakse.korpuss.lv/docs/v2-11/LV2UD mapping.pdf
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Implementation of Point 1 of the enhanced dependencies guidelines
is made possible by the ellipsis annotation strategy used by LVTB, which
involves the formation of empty nodes in place of omitted elements, while
the information required for Point 2 is provided by the fact that LVTB
depicts coordinated parts of a sentence with a phrase-like construction, thus
distinguishing the dependents of the individual coordinated part of a
sentence from shared dependents.

The phrase-style construction xPred used for LVTB complex
predicates allows to form a substantial portion of the links required for
Point 3, as it groups together longer sequences of predicates, such as [vins]
gribéja gulét (‘[he] wanted to sleep’). However, in Latvian, participle
constructions can also have a common subject with the predicate of the
corresponding clause e.g, in sentences madte sakas par délu neko nezinam
(‘the mother says she doesn’t know anything about the son’) (Kalnaca,
Lokmane, 2018) and Zavadamies vins piecélas (‘yawning, he stood up’). The
available LVTB annotations do not allow to distinguish between such
situations and sentences in which the participle has another, omitted,
subject, as in the sentence redzéju listam (‘1 saw [it] raining’) and aizkerot
trolejbusa vadus, cirka éka var sabrukt (‘if [something] gets caught on
trolleybus wires, the circus building may collapse’). In ambiguous situations,
the edges of the enhanced dependency graph are not added so as not to
create erroneous annotations.

Initially, the transformation was designed only to create a basic
dependency tree. After the publishing of the UD v2 specification, it was
supplemented with a functionality that converts the necessary LVTB ellipsis
nodes into UD enhanced dependency ellipsis nodes so that they, together
with the basic dependency tree, form the ‘backbone’ of the enhanced
dependency graph, and then supplement the it with the necessary
additional edges (Pretkalnina et al,, 2018) using the information already
present in the ‘backbone’. Such a solution has proven to be suboptimal
because it means that a less informative structure (a UD base tree) is created
from a more informative data structure (the original LVTB tree), which must
then be supplemented with information to obtain an enhanced dependency
graph. Therefore, during the project “Full Stack of Language Resources for
Natural Language Understanding and Generation in Latvian” (FullStack-LV)
(see Section 3.2.1) prior to the UD version v2.4, the transformer was
reworked (Gruzitis et al., 2018) in such a way that every step of the LVTB
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tree traversal creates all the basic and enhanced dependency links to the
nodes that have been processed so far32.

After the improvements, the conversion algorithm works in the
following steps.
1. Pre-processing:

1.1.

1.2.

By traversing the tree bottom-up, a one-to-many mapping is
constructed, in which node identifiers maps to lists of the
coordinated parts of a sentence and coordinated clauses that the
specific nodes consist of;

By traversing a tree top-down, a one-to-many mapping is
constructed in which the node identifiers of the grammatical
subjects/subject clauses refer to lists of the nodes that the
corresponding node relates to as the grammatical subject or
subject clause. First, each of these lists are compiled of nodes
according to the LVTB direct links, after which they are
supplemented with parts of complex predicates, if the
corresponding node is associated with a complex (i.e., multi-word)
predicate. Nodes in each resulting list are sorted based their depth
in the LVTB syntax tree, i.e.,, how long its shortest path to the root
from the given node is.

2. Tree traversal and creation of a UD structure by processing each node:

2.1.

2.2,

Before processing a node, all its dependents are recursively

processed, and if it is a node of a phrase-like construction, its

components are processed as well;

It is determined which token represents a given node both in the

basic dependency tree and the enhanced graph:

2.2.1.if it is a ellipsis node, an “ellipsis transformation” is carried
out - the dependents are analysed and the replacement for
the parent in the basic dependency tree is defined, as well as
an empty node for the enhanced dependency graph is
created;

2.2.2.if it is the node of a phrase-style construction, a “phrase
transformation” is carried out- the components are
analysed, the edges of the UD graph between them are
created, and it is determined which of the components
becomes the root of the UD tree fragment representing the

32 GitHub repository CorporaTools, LVTB2UD folder, NewSyntaxTranslator class:

https:

ithub.com/LUMII-

AlLab/CorporaTools/blob/9e0786fe7713528d47e0aaeb7123e1f4fba2591a/LVTB
2UD/src/lv/ailab/lvtb /universalizer/transformator/syntax/NewSyntaxTransform

ator.java
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phrase; in the base tree, the phrase will be represented by a
token corresponding to that component (determined
recursively in previous steps), whereas, in the enhanced
graph, it will be that same token or empty node if it has turned
out to be the a ellipsis node;

2.2.3.if it is simply a node of a token, it is represented by the
corresponding token both in the UD base tree and the
enhanced graph.

2.3. Dependencies are created in both the base tree and the enhanced
dependency graph between the dependent elements of the
processed node (for the UD nodes representing them) and the UD
nodes representing this node. When processing dependents for
whom additional parents are specified in the mapping created in
paragraph 1.2, the edges of the enhanced dependency graph are
also drawn to them.

2.4. Simultaneously, each time an edge is created, the mapping of Point
1.1 is consulted and all the necessary links of the enhanced
dependency graph are established between the coordinated
elements of the parent and the child of the new dependency. The
roles of the links are determined by the nodes’ neighbourhood in
the tree, the morphological characteristics of the parent and child,
and the processing context (whether it is the processing of a
phrase, an ellipsis, or a dependency).

3. Atthe end of the processing of the tree, a special role root is assigned to
the root node of the created tree.

3.1.1.4 Post-Processing of Morphology

After UD syntactic structure has been obtained, it is possible to refine
the morphological annotation - mainly, to reduce the number of incorrectly
assigned PRON parts-of-speech by re-tagging pronouns that have fallen into
the determinant role (det) in the UD syntactic structure as DET.

3.1.1.5 Comparison with the Transformations of Previous
Experiments

Since the UD structure of basic dependencies is also obtained by
transforming LVTB phrase-like structures into rooted subtrees, it is possible
to compare the structural aspect of the transformation elaborated in this
section with the transformations described in Section 2.3.2.3:

e PMCs are transformed in the same way as in the pmcBASELEM
transformation (@);
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e coordinated parts of a sentence are transformed according to
coord3_LEVEL (2.3.2.3.2) strategy, adding a nuance in cases where a
longer sequence of coordinated parts of a sentence is separated by a
semicolon - the UD ensures that the sequences of coordinated
clauses on both sides of the semicolon are processed as separate
sequences, which are then subordinated to each other;

e complex predicates with the auxiliary verb biit (‘to be’) in copula
constructions or perfect tense constructions, as well as with auxiliary
verbs tikt (‘get’) and tapt (‘become’) in perfect tense constructions
are transformed in the same way as in the xpredBASELEM strategy,
while the rest are transformed according to the xpredDEFAULT
strategy;

e phrase-like constructions consisting of one functional word and one
full-meaning word, such as the prepositional construction xPrep - uz
galda (‘on the table’), aiz stira (‘around the corner’)- are
transformed conversely to the strategies described in Section 2.3.2.3,
where the functional word becomes the root of the phrase, and in the
UD it is the content word that becomes the root.

Compared to observations in Section 2.3.2.4, it can be noted that most
of the elements of the UD transformation are easier for parsers to learn, so
converting the data into UD format helps to achieve the goal of this doctoral
thesis - to obtain a higher-precision parser for the Latvian language.

3.1.2 UDLV-LVTB Qualitative Assessment

In the article Pretkalnina et al. (2018), a manual evaluation of the
sample sentences has been carried out in order to assess the quality of the
transformation. Due to human resource limitations, the evaluation is
relatively small and therefore not considered as highly representative;
however, in spite of this, it provides valuable insights into the quality of the
transformation results. An assessment was carried out for 60 sentences
(approximately 800 tokens, sentences are selected to proportionally
represent the text genres in the corpus) in order to determine, whether the
UD annotation errors found in the sentences have occurred due to faults in
the original annotation, transformational imperfections, or due to the fact
that LVTB does not contain the information to identify the correct links and
their roles.

In the basic dependency trees, 19 incorrect links / link roles have
been identified, i.e. the transformation LAS is 97.6%, which is considered a
very good result. Of all the problems encountered, only one occurred due to
a lack of necessary information in LVTB, while six are due to errors in the
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original data. The other 12 can be considered as repairable transformation
errors.

Within the same data, the quality of enhanced dependency graphs has
also been assessed, however, due to the optional nature of enhanced
dependencies, groups of enhanced dependency links that are not annotated
at all, i.e,, the enhanced dependencies specification groups described in
Section 3.1.1.3, 4 and 5(b), are not considered to be errors. Three errors
were identified due to mistakes in the original data, eight were due to
enhanced dependency links with incorrect roles (all accompanied by the
wrong grammatical case or preposition- enhanced dependencies
specification group 5(a)) and 15 were due to missing links of coordinated
parts of a sentence or subjects (enhanced dependencies specification
groups 2 and 3 respectively). Although the test data did not show any cases
when errors would have occurred due to a lack of necessary information in
LVTB, it should not be assumed that there are no such cases at all, rather
that they are relatively rare.

Even though the assessment was carried out for a small volume of
data, it promotes a hopeful view of transformation accuracy. Furthermore,
the conversion of the transformer described in Section 3.1.1.3 before UD
v2.4 is directly aimed at improving major flaws - it significantly improves
the mechanism for assigning enhanced dependency links associated with
coordinated parts of a sentence and grammatical subjects, thus reducing the
amount of potential errors.

3.2 The Importance and Impact of the Treebank

This section describes the further use of UDLV-LVTB both in research
projects and for the construction of parsers for Latvian.

3.2.1 Treebank Data as a Basis for Future Research

In 2017-2019, in cooperation with the news agency LETA, IMCS UL
carried out the project “Full Stack of Language Resources for Natural
Language Understanding and Generation in Latvian”33 (FullStack-LV), in
which UDLV-LVTB plays an important role. During the project, a balanced
text corpus of 10 thousand sentences was created, which has been
annotated both syntactically and semantically on several levels using
globally approved syntactic and semantic representations adapted to the
Latvian language as well. In this corpus, the semantics of a sentence (see

33 European Regional Development Fund (ERDF), industry-driven research
1.1.1.1/16/A/219
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Figure 1) are represented using the FrameNet (Ruppenhofer, 2010) and
PropBank (Bonial et al., 2014) models, whereas the semantics of text are
depicted by Abstract Meaning Representation (AMR) (Banarescu et al,,
2013) model. In addition, the corpus contains annotations of named entities
and coreferences.

The FrameNet and PropBank levels are annotated in the treebank that
has been annotated according to the UD approach. The UD treebank is
automatically derived from LVTB, which is manually syntactically annotated
according to the grammar model described in Section 2.1 (see Figure 8).
Both treebank versions are published simultaneously. Thus, LVTB serves as
the foundation for all subsequent levels of annotation in the FullStack-LV
language resource. As part of the project, the LVTB2UD transformation has
been significantly expanded and improved, and the size of the LVTB itself
was increased to 13.6 thousand sentences (Gruzitis et al.,, 2018). One of the
most significant achievements of the project is the integrated multi-purpose
toolkit for various Latvian natural language understanding (NLU) tasks in
NLP-PIPE,3*, which integrates into a single, configurable processing pipeline
all necessary NLU components that have been trained using FullStack-LV
data (Znotins, Cirule, 2018; Gruzitis, Znotins, 2018; Paikens, 2017).

Abstract Meaning Representation ’

Coreferences
Named entities

p
Universal Dependencies 1
LS

Figure 8: FullStack-LV multilayer text corpus: the representation layers at the
bottom are used as the foundation for creating layers higher up (for more
context, see Figure 1)

-

FrameNet J‘ PropBank ’
-

The improvement of LVTB and UDLV-LVTB corpora and their
representations is being continued in the 2020-2024 State Research

34 Source code is available in the GitHub repository
https://github.com/LUMII-AlLab/nlp-pipe,
download is in the Clarin.lv repository http://hdlLhandle.net/20.500.12574/4,

demo available at https://nlp.ailab.lv
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Programmes “Digital Resources for Humanities” 35 and “Letonika -
Fostering a Latvian and European Society”3¢ in accordance with the most
recent UD guidelines and the latest LVTB-based research in Latvian
grammar. The size of LVTB and UDLV-LVTB corpora has been increased to
17 thousand sentences, which also confirms the importance of the resource.

3.2.2 The Development of Parsers for Latvian

A historically significant point in the development of parsers for
Latvian occurred in 2016, when Google published the SyntaxNet library and
parser models for 40 languages, which were trained using UD v1.3. The
library and modules were freely available37, and the list of the 40 languages
also included Latvian - this was the first time that an internationally
recognised group of researchers from abroad had built a parser for the
Latvian language, using data prepared in Latvia as the basis for it. The
Latvian parsing module was trained using a corpus consisting of 3985
tokens38 and yielded 58.92% UAS, 51.47% LAS.3° For English, SyntaxNet
results set a new record (Andor etal., 2016).

Already in 2017, the parser building event CoNLL 2017 Shared Task:
Multilingual Parsing from Raw Text to Universal Dependencies (Zeman et al.,
2017) took place; it used UD v2.0 as data for 45 languages, including Latvian.

35 Project “Digital Resources for Humanities: Integration and Development” within
the framework of the State Research Programme “Digital Resources for Humanities”,
project No: VPP-IZM-DH-2020/1-0001

36 Project “Research on Modern Latvian Language and Development of Language
Technologies” within the framework of the State Research Programme “Letonika -
Fostering a Latvian and European Society”,

project No: VPP-LETONIKA-2021/1-0006

37 Trained models can be found in the GitHub repository of tensorflow models history:
https://github.com/tensorflow/models/tree/a5d45f2ed20effaabc213a2eb9def29
1354aflec/syntaxnet

38 UD guidelines https://universaldependencies.org/release checklisthtml#data-split
require for each treebank published to provide a canonical split into train/dev/test
datasets and recommends to avoid moving sentences from one dataset to another
between the releases. UDLV-LVTB follows this recommendation by proportionally
increasing all three datasets, when a bigger version of the treebank is released.

39An overview of the results can be found in the GitHub repository of tensorflow
models history:
https://github.com/tensorflow/models/blob/a5d45f2ed20effaabc213a2eb9def29

1354aflec/syntaxnet/universal.md
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The bestresults*? for the Latvian language were given by the winning parser
Stanford - itreached 79.26% UAS and 74.01% LAS (Dozatetal., 2017). Good
results were also shown by the second best parser C2L2, which reached
77.43% UAS and 71.35% UAS (Shietal,, 2017). In the same year, the Latvian
UD Treebank, along with other corpora, was used in a study (Nivre, Fang,
2017) that argues that LAS metrics mostly produce better results for
parsers of analytical languages, such as English, and offers alternative
metrics, thereby easing the decades-long dominance of the English language
in embedded tool and metric assumptions in the field of research.

In 2018, the shared task was conducted again, using UD v2.2 data
from 82 corpora for 57 languages. The size of the treebank available for the
Latvian language at that time was already 81 thousand tokens (Zeman et al.,
2018). The best results*! for the Latvian language were given by parser HIT-
SCIR,, reaching 87.76% UAS and 83.97% LAS (Che et al,, 2018). The second-
best result was given by the parser Stanford - 85.97% UAS and 81.85% LAS
(Qi etal., 2018). In this shared task, the results were also compared using a
new metric MLAS, which is similar to LAS, but also takes into account the
accuracy of morphological annotation. Using this metric, the best results for
the Latvian language were given by parser Stanford - 67.89%.

In both LAS and MLAS metrics, the results achieved for Latvian not
only significantly exceeded the average results of the best parsers by
language, i.e. 75.84% LAS and 61.25% MLAS, but also exceeded the average
score in the so-called large corpus group, which was 84.37% LAS, 72.67%
MLAS. For this task, the large corpus group consisted of 61 corpora; their
individual volume had to be at least 25 thousand tokens. Of the larger UD
treebanks mentioned in Section 2.2.2, the participants of the task included
Czech UD_Czech-PDT and Russian UD_Russian-SynTagRus (at the time it was
smaller - about 1 million tokens); the parsers trained with these corpora
achieved some of the highest results in the task, exceeding 90% LAS and
85% MLAS. In general, the results of this Shared Task confirms that during
it, thanks to a high-quality corpus, high-performance parsers have been
created for the Latvian language.

In 2020, the IWPT 2020 Shared Task on Parsing into Enhanced
Universal Dependencies (Bouma et al.,, 2020) took place, and Latvian was
among the 17 languages the data of which was offered to the participants.

40 All results are available on the shared task website
https://universaldependencies.org/conll17 /results.html
41 All results are available on the shared task website
https://universaldependencies.org/conll18/results.html
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For Latvian, the best parser achieved 85% ELAS accuracy (ELAS*2 - a metric
derived from LAS and adapted specifically for evaluating enhanced
dependency graphs). In 2021, the shared task was held again (Bouma et al.,
2021), and the results reached up to 90.25% ELAS and 91.25% LAS
accuracy*? for Latvian, exceeding the average of 89.24% ELAS and 89.81%
LAS. In these two tasks, parser accuracy was measured in enhanced
dependency graphs, so even though the figures given here are not exactly
comparable to the results of CoNLL 2017-2018, the graphs contain more
information than basic dependency trees, therefore this analysis task was
even more difficult. Thus, the high scores (for comparison, back in 2016,
Andor et al. reports on SyntaxNet that the accuracy for English is above 90%
for basic LAS dependencies, while Czech is just below this indicator) fully
confirm the second hypothesis of the thesis, namely, that a medium-sized
corpus (10-20 thousand sentences) is sufficient to create high quality, state-
of-the-art parsers.

The corpus also simultaneously supports research on parsers and
related technologies in Latvia. In 2016, a study was published that used the
word embeddings approach, which was quite innovative and highly topical
at the time. In the study, the parser trained with the UDLV-LVTB corpus
reached 74.9% UAS (Znotins, 2016). In 2018, within the FullStack-LV
project, the NLP-PIPE tool yielded the following results: 81.2% UAS and
76.8% LAS (Znotin$, Cirule, 2018). In 2020, the LVBERT tool achieved
89.9% LAS (Znotin$, Barzdins, 2020), and in 2022 (VPP, 2022) - 90.79%
LAS. When analysing parser results depending on the size of training data
(see Table 1), there is a significant increase in accuracy when comparing
parsers using one or two-fifths of the data. When comparing parsers using
two, three, or four-fifths of the corpus, the increase is about half a
percentage point, while adding the last fifth of the corpus results in an
insignificant improvement of accuracy.

The results lead to the conclusion that the given size of the treebank
is enough to fully use the currently available possibilities of parser building
technologies and to obtain high-quality parsers for the Latvian language.
This means that the created corpus is optimal for performing the tasks
defined in the thesis.

42 An overview of the results of the task is available on the shared task website
https://universaldependencies.org/iwpt20/Results.html
43 An overview of the results of the task is available on the shared task website
https://universaldependencies.org/iwpt21 /results.html
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Table 1: LVBERT parser accuracy increase depending on the size of training

data (VPP,2022)
LAS % LAS %

Part of training in the parameter in assessment
data used (train) calibration dataset (dev) dataset (test)
20% 84.71 85.08
40% 88.51 89.28
60% 89.54 89.94
80% 90.13 90.56
100% 90.31 90.79
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Conclusions

The goal of the doctoral thesis - to create and evaluate a large
machine-readable treebank - has been achieved. The proposed hypotheses
regarding the advantages of the hybrid annotation model and the suitability
of a high-quality mid-sized corpus for high-precision (~90%) parser
training have been confirmed in practice.

The thesis has provided the following conclusions:

e The choice to create and develop the hybrid grammar model
described in the thesis has proven to be successful, as this model
allows to represent the syntactic phenomena of the Latvian language
by maintaining important nuances that are not always possible to
accurately convey through models of pure dependency or phrase
structure grammar.

o In addition, corpus annotation in a rich hybrid format allows
creating custom transformations for widely used but arguably
simpler (in terms of information included) formats (e.g., UD), as
well as conducting research on the most suitable dependency
representations for various grammatical phenomena.

o  The dependency representation can affect both the accuracy of
parsers and the text analysis tools that employ parsers. The
observed effects are ambiguous - different tools prefer different
dependency representations.

o  Unlike the simple and computationally efficient dependency
models, the development of hybrid parser algorithms and
machine learning models has not been a global research focus
for long, it used to be more of a niche interest for researchers of
morphologically rich languages. However, the issue of hybrid
parsers has resurfaced lately more widely and recent
experiments are showing promising results (Nivre et al., 2022).

e The UD grammar model has proven to be successful for further
research and training of parsers, not only because of its international
nature, but also because, based on the parametric analysis carried out
in the thesis, in many instances it contains techniques for
representing syntactic constructions, for which parser training
systems also give better results.

o  The hybrid model used in the Latvian Treebank has enough
elements in common with the UD model to make it possible to
create a high-precision transformation in at least one direction.
The UD model is arguably simpler, so a two-way transformation
was not constructed.
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o  The hybrid model and the UD model have differing criteria for
the selection and division of roles - the distinction between the
syntactic roles used in the hybrid model is based more on the
semantic structure of the sentence, and roles are, for example,
an attribute (attr), adverbial modifier (adv). On the other hand,
UD roles are selected mainly through morphosyntactic criteria,
for example, in many cases the roles are grouped by part of
speech - nominal modifier (nmod), adjectival modifier (amod),
adverbial modifier (advmod), etc.

o In addition, a rule-based transformation into another (in this
case, UD) annotation model facilitates detecting annotation
errors and inconsistencies in the original corpus and thus,
through feedback, improve the quality of the corpus.

It has been concluded that the achieved size of the corpus (17

thousand sentences) is sufficient to create a parser of world-class

accuracy - the best parser for the Latvian language in the IWPT 2021

Shared Task on Parsing into Enhanced Universal Dependencies

achieved the accuracy of 91.25 (LAS), which is significantly higher

than the average result for all languages and is comparable to an
average result in the large corpus group.

o  Due to the size, quality and compatibility of the corpus, various
research teams have successfully used UDLV-LVTB data in four
CoNLL and IWPT shared tasks in 2017, 2018, 2020 and 2021 for
the development and evaluation of high-accuracy parsers. The
corpus data has also been successfully used in parser studies in
Latvia.

o  Byanalysing parser results depending on the amount of training
data, it can be seen that the available size of the corpus is
sufficient to fully utilise the currently available potential of
parser building technologies and to obtain high-quality parsers
for the Latvian language.

o  The convincing results of machine learning of the Latvian UD
parsers confirm the quality and uniformity of the corpus
annotation.

Participation in the UD initiative has contributed to the international

recognition of the Latvian language and other inflective language

resources and promotes the creation of more suitable tools for
inflective languages in the field of research, the historical origins of
which are mainly found in the work with analytical languages.
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