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Abstract

In this paper, we describe our findings from developing the lexicographic platform Teza-
urs.lv, extending it from a traditional explanatory dictionary into a multifunctional resource
for structured lexical data. Tezaurs.lv is the largest Latvian dictionary with more than
390,000 entries, which emerged as a compilation from nearly 300 prior dictionaries and
other sources. Recently, it has been extended with Latvian WordNet data, effectively
making it also a synonym dictionary and a translation dictionary. Each entry can contain
multiple lexemes with their grammatical information and inflection tables, enabling search
on inflection forms and spelling variants.

For the new requirements, we have developed a lexical database system and a collaborative
online editor toolkit, which are also used for two other major Latvian dictionaries. While
previously the data model and tools were based on what the end user would see in a
dictionary entry, the current infrastructure is designed with a highly structured lexical data
model. This avoids duplication and helps to ensure consistency if entries or word senses
are edited or merged, and it supports the usage of this data in computational linguistics.

Keywords: lexicography; platform; data model; Latvian

Introduction

Tezaurs.lv is the largest Latvian electronic dictionary with more than 390,000 entries,
which was initiated as a consolidated compilation from approximately 300 dictionaries
(Spektors et al., 2016) and other sources, and has recently been extended and developed
with the addition of Latvian WordNet (Paikens et al., [2022)) data (6,610 synonym sets)
and 75,400 manually curated corpus examples for specific senses. All entries contain at
least one lexeme and one sense defined. 118,000 lexemes contain appropriate inflectional
paradigms to provide inflectional tables and the ability to search by inflectional forms.

Tezaurs.lv emerged around 2009 as a side result of a larger research project in computational
linguistics. The dictionary was encoded in an ad-hoc text format which annotated the
beginning of each element with a two-letter code. As the dictionary grew in size, a set
of consistency verification scripts was developed (Danovskis, 2014)), but there was no
multi-user editing support, and everything had to be done by a single editor in the single
authoritative copy of the dictionary. New releases were published four times per year by
pre-processing the dictionary data from the in-house format to static HTML and loading
the pre-rendered entries into a simple database with a thin front-end application on top.
It provided basic search and display functionality, however, it lacked in-depth search
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functionality, e.g., it was possible to search only by the headword of the entry, and not by
derivatives, multi-word expressions (MWEs), glosses, etc.

Until 2020, Tezaurs.lv had a flat structure, resembling a printed dictionary with lots of
duplicated information (for example, each MWE was usually described multiple times — in
each constituent word entry — but with potentially different definitions), which also turned
out to be a major obstacle for further enhancement of the dictionary.

Since the last report on Tezaurs.lv (Paikens et al., 2019), it has seen a significant shift in
its focus and features, transforming from a traditional explanatory dictionary towards a “3-
in-17 lexical resource that augments the senses and their explanations with WordNet style
(Fellbauml, [1998) links, effectively making it also a synonym dictionary and a translation
dictionary where translation equivalents are aligned at the sense level. Each entry can
contain multiple lexemes, including spelling variants and derivations, and also inflectional
and grammatical information for them. Senses are organised in two levels — top level
senses and subsenses, and each can have corpora examples attached. Both lexemes and
senses can have additional data about language style, usage, domain, etc. Entries can also
contain unstructured information about etymology, and normative commentary.

The dictionary editing tools and the whole infrastructure have also undergone major
changes over the course of Tezaurs.lv development.

The goal for this undertaking was a web-based multi-user multi-dictionary application
with a centralized database as a single source of truth, which supports dictionary creation
and editing, as well as dictionary publishing. For these needs, we have developed a lexical
database system and an editor toolkit which, besides the Tezaurs.lv dictionary itself,
is used also for two other major Latvian dictionaries: Dictionary of Standard Latvian
(LLVV, retro—digitised) and Dictionary of Contemporary Latvian (MLVV, continuously
updated) We also considered using TLe or Lexonom (Rambousek et al., 2021), but
we were worried about that the large amount and rather complex structure of already
existing Tezaurs.lv data might make these solutions slow and hard to maintain. From
newer development it is worth mentioning Lexmar (Simoes et al., 2019), however it was
not available yet when work on Tezaurs.lv platform started, and it works on top of an
XML database, which does not fit our plans for using a fine-granular data model.

In Section [I| we describe the Tezaurs.lv online platform and the features relevant for its
end-users. Section [2| describes the data model used for the multifaceted lexicographic data,
and Section |3| describes the tools supporting the lexicographic workflow.

1. Tezaurs.lv online platform

The Tezaurs.lv lexicographic platform is developed as a web application which supports
collaborative dictionary editing as well as dictionary publishing.

In the editor mode, the application works directly on the atomic data stored in the
database. Data consistency is ensured via backend validations, database constraints and

Lhttps://llvv.tezaurs.lv

2 https://mlvv.tezaurs.lv

3 https://tshwanedje.com /tshwanelex/
4 https: //www.lexonomy.eu/

5 http://lexmart.eu/
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transactions. In the publishing mode, it works in read-only mode on pre-generated data
(complete entries for fast response time and reverse indices for search support), which are
created in the quarterly release preparation process.

From the data point of view, the published version is an enriched read-only copy (snapshot)
of the dictionary database state in the moment of publishing. From the application point
of view, the published version utilizes a subset of the same data procedures and view
templates as the editor’s view, thus ensuring consistency between both views.

1.1 User Interface
1.1.1 Entry View

The central element of the interface is the view of an Entry (see Figure . It consists of
the Heading, one or more Lexeme blocks and one or more Sense blocks, and ends with a
list of the lexical sources for this entry. Lexeme blocks may have inflection information,
Sense blocks may have several sub-blocks: usage examples, related senses, translations,
MWEs. To make the presentation mode compact, the inflection tables in lexeme blocks
and all sub-blocks in the sense blocks are expandable but initially collapsed. All blocks
may have verbalization of grammatical and usage information.

r . 2023
: r\XHJH—_IIIII [T] vadsvafigee = m 390 186 3Kirkl

Lidzigi Skirkli: labs labs Skérssaites:
forma skirkli labt atvasinajums nelabs

skatit ari laba

labs ipadibas vards Vv LociSana

1. Tads, kuram piemit morales normam atbilsto$as ipasibas, kura attieksme (pret citiem) ir iejatiga,

Apkaime labsirdiga, labvéliga.
labrits v Saistitas nozimes
Labrjogana v Tulkojumi  valuable.
labrociba 1.1. Tads, kas atbilst morales normam, tads, kura izpauZas iejdtiba, labsirdiba, labvéliba.
labrocis v Stabili vardu savienojumi  Labais tonis.
labrocits
1.2. lietvarda nozimg; forma: virie$u dzimte, pamata pakape, noteikta galotne; retak forma: virie$u dzimte, pamata
labsajata pakape, nenoteikta galotne Tas, kas atbilst morales normam, idealam; §i ideala istenojums.
labsirdiba 2. Tads, starp kuriem ir saskana, sapra$anas, draudzigas attiecibas (par cilvéku grupu); tads, ar kuru
labsirdigs ir $adas attiecibas.
labsirdigums N . e
o 2.1. Tads, kura izpauZas $adas ipasibas.
labsirdis
NI 2.2. lietvarda nozimé; forma: pamata pakape, noteikta galotne Cilvéks, ar kuru saista draudziba, milestiba.
labs 2.3. Tads, kas izturas miermiligi, nav nikns (par dzivnieku).
LLVV 3. Tads, kas prasmigi, apzinigi veic savu darbu, pienakumu.
labs

4. Tads, kas atbilst, ir piemérots noteiktam izmanto$anas prasibam (pieméram, par priekSmetu, telpu,
vietu, paradibu).

Figure 1: Public view of a Tezaurs.lv entry. The upper panel contains a search bar, the
left side panel contains a box of related entries, a box of neighbours, and the boxes of

results of the search in two other dictionaries. The right side panel contains a box of other
links to related entries, an entry text in the middle.

At the top of the entry area is the header with the search box. On both sides of the
entry area there are side bars with navigational items. The left side bar is devoted to the
neighbourhood navigation, and the right side bar to the larger distance navigation.
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The application user interface is constructed from a set of templates, which are rendered
on the appropriate data fetched from the database.

koks'

koks ] virie3u dzimtes 1. deklinacijas lietvards  Locisana

1. Daudzgadigs augs ar augstu, inu (parasti vienu) stumbru, zariem un sakném.

v Pleméri  Koku pazarés sarundjes meZa baloZi.
v Saistitas nozimes  liepa, ozols, osis, dzivibaskoks, tdja.
~ Stabili vardu savienojumi  Dravas koks. Dzivibas koks. Elfas koks.

~ Tulkojumi

2. Runga, nilja, stienis (pieméram, sidanai, radiganai).
v Pieméri  Zenijas tante teica, ka logs bijis izsists ar koku!
v Saistitas nozimes
v Stabili vardu savienojumi  Nedzivais koks.
~ Tulkojumi
2.1, vésturisks; forma: daudzskaitiis Soda veids — sitieni ar niju, riksti vai patagu.

v Saistitas nozimes

3. forma: daudzskaitlis Kokmateriali.

v Pleméri Usmas koku zagétava pie Usmas dzelzcefa stacijas
v Saistitas nozimes

v Stabili vardu savienojumi  Koku darzs.

v Tulkojumi

3.1. ipasibas varda nozimé; forma: genitivs, vienskaitlis Tads, kas ir iegiits, izgatavots no koksnes, kokmaterialiem.

v Pieméri  Liekot Grietu atpakaj, koka kajas sausi klaudzéja.
v Saistitas nozimes
~ Stabili vardu savienojumi  Koka (arf kokzaru) dak3as. Koka darva.

v Tulkojumi

3.2. PriekSmets, konstrukcija, kas i: no koksnes, kokmateriala.

v Pleméri  Likas, ka veca lade pretojas, koks Cikstéja un smilkstéja.
v Stabili vardu savienojumi  Koka kastites. Skaitamais koks.
3.3. Koksne.
“ Pieméri  Reiz, iegajis sava kadreiz&ja aizbilstama kabinets, ievéroju tur skaistu, no koka izgrebtu valsts
gerboni.

4. jomas: informatika, matematika Sakarigs vienkarss grafs, kas nesatur ciklus; izmanto datu $kiro$anas un
meklédanas procediras.
~ Saistitas nozimes  apakskoks.

v Tulkojumi  tree.

4.1. joma: informatika Hierarhiska datu struktdra, kuras visi elementi, iznemot saknes elementu, satur atsauci uz

vienu vai vairakiem zemaka limena datu struktlras elementiem un vienu augstaka limena datu struktlras
elementu.
v Stabili vardu savienojumi - Savienota koka algoritms.

(a) Public view of an entry koks:1.

koks'

7~ koks [kuoks] viriesu dzimtes 1. deklinacijas lietvards v Locidana

1 m Daudzgadigs augs ar augstu, koksnainu (parasti vienu) stumbru, zariem un sakném.
v Pieméri  Koku pazarés sarunajas meza baloZi.
v Saistitas nozimes liepa, ozols, osis, tdja, dzivibas koks.
v Stabili vardu savienojumi - Dravas koks. Dzivibas koks. Effas koks.
v Tulkojumi

2. m Runga, nija, stienis (pieméram, siSanai, radisanai).
v Pieméri  Zenijas tante teica, ka logs bifis izsists ar koku!
v Saistitas nozimes
¥ Stabili vardu savienojumi - Nedzivais koks.
v Tulkojumi

2.1, [P vesturisks; forma: daudzskaitis Soda veids - sitieni ar ndiju, riksti vai patagu.  » &

v Saistitas nozimes

3. 3 forma: daudzskaitiis Kokmateriali.
v Pleméri  Usmas koku zagétava pie Usmas dzelzcea stacjias
v Saistitas nozimes
v Stabili vardu savienojumi Koku darzs.
v Tulkojumi
3.1, [ inasibas varda nozime; forma: genitivs, vienskaitiis Tads, kas ir iegilts, izgatavots no koksnes,
kokmateridliem. ¥ » &
~ Pieméri  Liekot Grietu atpaka), koka kéjas sausi klaudzéja.
v Saistitas nozimes
v Stabil vardu savienojumi - Koka (arf kokzaru) dakas. Koka darva.
v Tulkojumi

3.2, ieks ija, kas i
v Pieméri  Likas, ka veca lade pretojas, koks &ikstéja un smilkstéja.
v Stabili vardu savienojumi  Koka kastites. Skaitdmais koks.

3.3. [ Koksne.
v Pieméri Reiz, iegajis sava kadreizéja aizbilstama kabineta, ievéroju tur skaistu, no koka izgrebtu valsts
gerboni,

no koksnes,

4. m jomas: informatika, matematika Sakarigs vienkarss grafs, kas nesatur ciklus; izmanto datu $kiro$anas un
mekl&$anas procediras. M &
v Saistitas nozimes ~ grafs.
v Tulkojumi tree.
4.1. P9 ioma: informatika Hierarhiska datu struktdra, kuras visi elementi, iznemot saknes elementu, satur
atsauci uz vienu vai vairakiem zemaka limena datu struktiras elementiem un vienu augstaka limena datu
struktdras elementu.

(b) Editor’s view of the same entry koks:1.

Figure 2: Public and editor’s view of the same entry, with all blocks collapsed.

The editor’s view uses the same templates as the reader’s view to ensure WYSITWYGF]
augmenting it with some additional icons for extra information and for initiating editing
actions, thus ensuring that editors see as close as possible the look of the final entry (see

Figure .

Where possible, editor tools allow to choose attribute values from pre-filled drop-down lists
to ensure data consistency, as shown in Figure |3l The platform also provides means to
link to multiple external data sources. Currently it is possible to add usage evidence from
the Latvian National Corpora Collection (Saulite et al., 2022) and links to the Princeton
WordNet (Paikens et al., [2023).

To ease the adding of corpora links, the editor’s view can be switched to a view where in
addition to the meanings also any examples found in corpora are also visible, as shown in
Figure[dl A separate editing window has been created for marking Wordnet links, where
you can create links to both Latvian language wordnet synsets and Princeton wordnet
synsets (Figure [5).

The platform hosts multiple (currently three) dictionaries with slightly different entry
standards and requirements. The differences are mostly covered via conditional fragments

6 What You See Is What You Get
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Redigét apaksnozimi

Nozimes skaidrojums

cilvks, ar kuru kadu laiku ir arpuslaulibas intimas attiecibas

Karodzini
Konversija: Lietvards %

Lietojums: |

Plevienot .. Tszings
lerobezojuri Jaunvards,
Lamuvards
lerobezojums Neaktuals
Formafatvasingiuma | Nelterars
Biezums Novecojis
Okazioniisms

Karodzini Saruna ar bérniem

Sens, reti ietots vards

Noteiktiba:
Slengs

Pievienot ... Vasturisks

Valodas materials

Cpasiepts

Atcelt | saglabat

Figure 3: Editing dialog for a Sense, with a flag value selection dropdown opened.

in the templates or conditionally selected sub-templates. More dictionaries could be easily

added.

© ) Show all subsenses @ ) Show all examples

PR spélet

7= spélét 2nd conjugation verb; transitive

1 Veikt noteiktu darbibu kopumu (spéli), kam ir sacensibas pazimes un
ar ko censas sasniegt vélamo rezultatu, izmantojot prasmes, iemanas, ari apstak|u
nejausu sakritibu; gat prieku, izklaidéties.

v Examples DiZistaba viri lakam spéléja kartis.

v Translations  play

@ Show subsenses

11 Veikt darbibu kopumu (spéli) ar mérki sagadat prieku, izklaidé$anos,
kam parasti raksturiga iztélé radita situacija un darbibas objekti, kadu norisu, cilvéku,
dzivnieku u. tml. atdarinasana; rotalaties.

v Examples Nu vairs neviens neiedrosings, pieméram, paslépes spélgjot, turét acis
vala un bledities.
v Related senses  rotaldties

v Translations play

2. Atveidot, télot (lomu dramas daildarba vai filma); istenot skatitaju
prieksa (iestudétu izradi).
v Examples Norberts teatra izradé spélé sievieti
v Related senses  télot
~ Multiword Expressions ~ Spélet kumédinus. Spélét teatri.

v Translations act, play, represent, roleplay, playact

@ Show other dictionaries

Query spelet O lemma
word form
Corpus Balanced 2018 s Fiction s

o Un pa ielu spélédami, dziedadami nak jauni puisi un vinu vida liela, skaista meita |-

— melnie, vilnainie mati par pleciem, seja balta, lapas sarkanas ka ta saule.
® Dizistaba viri laikam s,
()R)ERIG)
® Bet nu papucis istaba saka kliegt par blédisanos un piespélésanu, un Voldis blava,
ka pats nemak spélét un bledis, gazas kresli, slakaja soli, kaut kas miksti bakskéja.

[ mplE

® Mammucis ar Loniju pluncinajas virtuve, Billei pieteikts nekur vairs nekustét —
noplésisoties lidz kaulam, ka tad uz Rigu brauksot, bet viri atkal viena miera dzéra

alu, tikai kartis vairs nespéléja, lidz kamér vecamate negribigi ieminéjas, ka nu

vajadzétu kadam patecét péc Odalas.

HRREEEG
® Tur Jancelis un Bille spéléja "pasiem savu maju", kad citu nebija séta.

A@EEEEE
® Nu varétu spélét nekapsanu uz stripam visu celu, bet acis, asaru aizvilktas, nelavas

saskatit, kur stripas, kur né.

< 2 3 4 5 .. 2 > 1

Hide

wordnet
view

Figure4: Editor’s view of a Tezaurs.lv entry in mode which allows adding examples. The
upper left side shows the list of word senses. The newly added example browser is on the

right.

1.1.2 Search

The goal is to provide a simple and unified interface for different types of users through a
single input field that can handle all their needs, much like a search bar on a modern web

browser.
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@ show all Synset X

iy
&
bérnelis;, bérnuksy, kipars,, utes, bérns;, knipay, kverpis; LINKs
bernelis, Berns EXTERNAL LINKS:
bérnuks; Barns o
kipars, humoristiska ekspresiva nokrasa B&rns. (n) child, kid, youngster, minor, shaver, nipper, small_fry, tiddler, W‘
utes sarunvaloda BErns. M8 tike, tyke, fry, nestling
bérnsy zéns vai meitene (aptuveni idz 14 gadu vecumam). a young person of either sex; “she writes books for children’; "they're just
knipa; Maza meitene, mazs z&ns kids"; "tiddler" is a British term for youngster"
kverpis; Bérns
pis: sems HYPONYMS:
kniveris;, mazpuikay, puikay, puisansy, puiskinsy, zénsy, zenkisy, \@‘
SYNONYM DICTIONARY zeperisy, puisis;

bérns - mazulis, mazais, bérnuks, bérnelis, kipars kniveris; Z&ns, RUSSIS

mazpuika; Zéns.

puikas Zéns.

TRANSLATIONS puisans; Zéns
5 : ) ; - puiskins; Zéns.

bérns - preadolescent, wean, bairn, youngling, babe, child, children, tad, kid, trick, baby, i . ~ _ . N

zéns, Virieu dzimuma bérns (aptuveni lidz 11 gadiem); arf pusaudzis.
infant, fruit of the womb y N I

zenkisq Zéns, aptuveni skolas vecuma; ari pusaudzis. -
meitene © Only senses With subsenses English English*

SENSES SYNSETS LINKS
jaunmeitene; + jaunekley, jauniete;, meitene;, skukisyq, | + EXTERNAL LINKS:
Jauniete 2 meiténs,, jaunmeita;, mamzele; = (n) girl, miss, missy, young_lady,
. J— jaunekle; Jauniete young_woman, fille
Ganu meitene; + jauniete, Sieviete vecuma starp pusaudzes un a young woman; “a young lady of 18"
ganumeita. =J brieduma gadiem.
. HYPERONYMS:
e — meitene; Jauniete.
+ - los - . . .
zemniekmeitene H skukisq 1 Nepieredzéjusi, arf nenopietna sievay, sieviete;
Meitene, kas aug zemnieku gimené; ari ~J jauniete sieva; Sieviete.
N - . . _
zemniekmeita meiténs, Meitene (2) sieviete; Cilvéku dzimuma batne, kuras organisma
- . = Jjaunmeita, Jauna meitene. morfologiskas un fiziologiskas Tpasibas ir piemérotas

zvejniekmeitene; + ) _ . , R
o : - mamzele; novecojis Jaunkundze. bérnu dzemdésanai; pieaugusi $ada cilveku

Figure 5: Synset edit view for a sense of the word berns ‘child’. The upper section contains
synset information: included senses, synonyms and word translations on the left, a list of
linked synsets by type on the right. The lower section allows to add new links by searching
within Tezaurs.lv or Princeton WordNet. The image shows Tezaurs.lv results for a search
query meitene ‘girl’. The first result column contains a list of senses that are not yet in
Latvian WordNet. The second column contains a list of Latvian WordNet synsets. By
clicking on any of these synsets, a list of all its links is displayed in the third column.

If a match to the search prompt is found, the corresponding entry is opened in the main
area.

On the left side, several boxes may be shown each containing links to neighbour entries of
various kinds of neighbourhood (see Figure : homonym entries, homoforms in other
entries, entries having inflectional forms similar to the search prompt, similarly spelt words,
alphabetical neighborhood with adjacent entries of the same type (words, MWEs, word
parts), and search word in other dictionaries.

The right side is reserved for graph relations between entries.

If in the first pass no satisfying entry (i.e., matching the search prompt) has been found, a
deeper search is performed, looking also into the glosses etc., and the search results are
presented grouped by match place and type, as shown in Figure [6bl
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Homoni Paplasinata meklé$ana

koks? Meklgjam intelekts.
koks®

P —— ¥ Atrasts vardos (1):
Lidzigi $kirkli:
lidzigi izrunajams Gogs * intelekts:1
lidzigi izrunajams kogs
pamatlekséma Skirkl koki ¥ Atrasts vardu savienojumos (1):
rakstibas variants SkirkIt

« maksligais intelekts
kokss
IVAtrasts skaidrojumos (12): ]
s « racionalists Cilvéks, kam raksturiga sapratiga attieksme pret istenibu; cilvéks, kura

Apkaime ricibu nosaka tikai vai galvenokart intelekts, prats.
kokpiepe « Al Maksligais intelekts (ang]u "Artificial Intelligence").
kokpiesis « MI maksligais intelekts.
kokpile « polidispondilisms Nepareiza vairaku skriemelu attistiba, kuras dé| attistas
kokpits punduraugums, vaj$ intelekts un turku seglu malformacija.
kokpikaine « afazija Nespéja runat vai runato saprast, kaut gan nav traucéts intelekts un valodas
Kkokroze aparats; smadzenu garozas saslim$ana, kura traucéta valodas impulsu koordinacija.

« lisps Programmé3anas valoda, gk. neskaitlisko uzdevumu risina$anai (logiskais
izvedums, dabigas valodas, maksligais intelekts).

kokrdpnieciba

Koksa

koksagizs :

koksagra « hondrodisplazija Skrim$|a veido$anas traucé&jumi ar disproporcionalu punduraugumu:

koksalgija mazs augums; liela galva ar dzili ievilktu deguna sakni; mazi pirksti, rokas un kajas; liels

koksankilometrs véders, dzila naba; dzimumorganu attistiba normala; intelekts labi attistits.

koksartrits « pasekls Tads, kam ir saméra, ari mazliet ierobeZots i intereses, jatas.

koksartrolistéze als Tads, kura attieksmi pret dzivi nosaka tikai vai galvenokart prats, intelekts
(par cilvekiem).

MLVV ‘ « sejas iektazija teleangiektazija bérniem ar hipofizes priek3éjas daivas attistibas

koks' traucéjumiem (autosomali recesiva parmanto$ana): punduraugums, hipogonadisms,
koks? gariga un fiziska atpaliciba; pirmajos miZa gados uz sejas rodas teleangiaktatiska

eritema, kas atgadina sarkano vilkédi (Saules starojuma ietekmé pastiprinas); uz lipam

LLvv bieZi bulozi izsitumi; ilgstosi saglabajas infantila balss; intelekts normals.
koks' « Binah Viena no trijam Zefirotam, kas veido Kosmiska Koka intelektualo dalu, Dieva
koks? intelekts.

(a) Results of basic search for the prompt koks. (b) Results of extended search for the prompt intelekts.

Figure 6: Basic and extended search.

Additionally, the word is looked up in other dictionaries hosted on the Platform, and
in case of success the links are provided for opening the corresponding entry in sibling
dictionaries.

1.2 Inflections and morphology

We generate and display inflection tables for lexemes that have their morphological
paradigm specified, as illustrated in Figure[7] The inflections are generated by an external
morphology engine (Pretkalnina & Paikens| 2018) and fetched via an API call. The engine
returns wordforms and certain lexical flags which are then used for both generation of
inflection tables and searching for inflected word forms.

2. Data model of the dictionary

While previously the data model and tools were based on what the end user would see in
a dictionary entry (document based model where the documents were dictionary entries),
the current infrastructure is designed with a focus on a maintainable structured model — a
graph which consists of lexical entities and links between them, thus avoiding duplication
and enabling persistent links that stay consistent even if word senses are edited or moved.
For example, multi-word entities used to be listed separately in the entry of words referring
to it, duplicating the data with some accidental variation, but now both entries include
the same entity.
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darit

darit 3. konjugacijas darbibas vards; transitivs A LociSana

Istenibas izteiksme:

Tagadne Pagatne Nakotne

Vsk. Dsk. Vsk.  Dsk. Vsk. Dsk.
1.pers. daru dardm darju darijam dariSu darisim
2.pers. dari darat dariji darijat darisi darisiet, darisit
3. pers. dara darja darfs

Pavéles izteiksme: dari (vsk. 2. pers.), dariet (dsk. 2. pers.)
Atstastijuma izteiksme: darot (tag.), dariSot (nak.)
Veélgjuma izteiksme: daritu

Vajadzibas izteiksme: jadara

Figure 7: Expanded block with inflection information for the verb darit

This design permitted us to start with a more classical, entry oriented data structure,
coming from the paper age, and incrementally move towards a graph oriented data model.

This highly structured approach simplifies exporting data for various purposes. Currently,
we have TE for most dictionary data and LM for WordNet related data. Additionally,
an export to the PINI tool (Barzdins et al., |2020) has been developed for marking word
senses in literary texts.

2.1 Core structure

The new data model of the dictionary (see Figure |8) consists of entities (Entry, Lexeme,
Sense, Example, Synset) and links between them. The main root elements in the data
model are Entry and Synset.

The nature of the new data model is a hybrid between a document-based and a graph-based
model: some of the relations are represented as graph edges between entities (many-to-many,
either symmetric or asymmetric), some others are based on one-to-many relations (Entry
<+ Sense, Entry < Lexeme, Synset < Sense, Sense < Subsense, etc.). Symmetric links
are used in WordNet between synsets to represent relations “anthonymy” and “similar”.
Asymmetric links depict also the direction of a relation, e.g., “A derivativeOf B” tells that
A is derived from B.

2.1.1 Entry

An Entry roughly corresponds to the entry in a traditional dictionary. However, most
of the lexicographic information is delegated to other entities, and the entry itself serves
just as the point joining these entities together. Lexemes, senses, examples, and sources
of lexicographic information all are attached to the Entry. An entry can have a link to
another entry if it is a derivative of a word with its own senses (derivativeOf) or an entry
of a MWE that contains this word (hasMWE). In rare cases, a seeAlso link is used between
an entry and another entry to indicate some kind of relationship between the words that

" Text Encoding Initiative, P5 Guidelines, Chapter 9: Dictionaries, available: https://tei-c.org/release/d
oc/tei-p5-doc/en/html /DI html
8 Global WordNet Association, guidelines for formats: https://globalwordnet.github.io/schemas/#xml
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Displayed Entry Structure

-
( Paradlgm%( Lexeme )

WordNet Graph

External Link f---.. S (Y A L.\ SO ;
-

. kA
hasMwe_

derivativeOf i 0
¢ 3 s Example )
(Gra? holonym seeAlso * /
hyperonym ¢ \ g
antonym * Subsense

similar * glossLink “’--«;/Source

Figure 8: Conceptual data model. Continuous line: one-to-many relation (bullet denotes
the singular end of the relation); dotted line: a many-to-many relation between entities,
which can be symmetric (with *) or asymmetric.

are not in the derivation relations, nor in the WordNet-defined relations between word
meanings.

2.1.2 Lexeme

Each Lexeme is built around one lemma, together with all information related to it. An
entry has one or more lexemes attached to it. A lexeme may have a paradigm assigned to
it. Paradigm has its own table in the database. Each lexeme has a type: main lexeme,
spelling variant or derivation lexeme. Even though there is no direct database relation
linking senses with lexemes, the lexeme type provides us information about how the senses
in the entry are related to the lexemes in the same entry. By default, a sense in the entry
provide definition for all main lexemes and spelling variants, but not derivation lexemes.
However, with the use of Restriction (see any given Sense can be targeted to a
specific derivation lexeme.

2.1.3 Sense

An entry has one or more Senses and subsenses attached to it. The main content of a
sense is its textual description (gloss). In order to fine-tune the meaning described, a sense
may have one or more examples attached to it and one or more MWE entries linked to it,
in which the word is used in this specific sense. Senses can be organized in a two level
hierarchy — senses and subsenses. A gloss of a sense can have “anchor” links that create
a link from a word used in a gloss to another entry or to a particular sense of another
entry. “Anchor link” is asymmetrical. Examples of word usage where the word is used in
a specific sense may be attached to the meaning. Sense is also an element in creating the
Latvian WordNet, so a link to the WordNet synset can be made from it.
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2.1.4 Synset

A WordNet core element is a Synset, which can be composed of either one or more Senses,
usually coming from different dictionary entries. WordNet links are drawn between synsets,
not directly between senses. Two or more synsets can be involved in a larger set “Gradset”.
A synset can have one or more External Link attached, showing the relation between
Latvian synset and a related entity in other, external lexicographical resources. Currently,
synsets are linked to the corresponding Princeton WordNet synset, but links to other
resources may be added later.

2.1.5 Example

An Example consists of a text fragment together with information about its origin.
Normally, examples are attached to a sense, but the structure supports also examples on
the entry level.

2.2 Supplementary non-tabular data

In addition to the core tabular data structure, each data item (entity or link) can be enriched
with supplementary non-tabular information in the form of structured JSON data. This ap-
proach enables the inclusion of more detailed, complexly structured information, while also
allowing for uncomplicated data model extension without altering the database structure.
Certain elements of the JSON data (Flags, StructuralRestrictions) are predefined,
while the data can be easily expanded with new components (e.g., Pronunciations,
Etymology, Normative, ImportNotices, sketchEngineTokenNum, etc.). This approach
also keeps open the option to move some parts of the JSON data over to relational database
tables if such optimization needs should arise.

2.2.1 Paradigms

In this model, Paradigm is a named category that defines a set of inflection rules and flags
which can be assigned one for each lexeme. Lexeme inherits certain properties, such as part
of speech or grammatical gender, from the assigned paradigm, but each of these inherited
properties can be overridden by flags defined at the lexeme level. Currently around one
third of all single-word lexemes has a paradigm assigned, however, the desirable future
state would be to have the paradigms for most if not all single word lexemes.

Providing paradigm for lexeme ensures that the morphological analyzer (Paikens et al.,
2013) can be used to generate all inflectional forms for given word. These forms are further
used to improve dictionary search and to generate inflection tables shown to the user.

2.2.2 Flags

A part of the payload information in data items is structured as Flags. A flag is a key-value
pair, where the key is a descriptive name, and the value can be a string or a list of strings.
The definition of a flag type usually contains a set of permitted values, however, free entry
values are also supported; additionally, a flag type definition prescribes cardinality (single
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value, or list of values) and scope (for which entity types the flag can be used). Flag type
definitions are stored in the database, thus enabling to provide convenient UI components
for entering/editing the flag assignments.

Currently, there are 64 predefined flag types, with 470 predefined values in total. Both
flag types and flag values can be marked as deprecated, thus supporting evolution of
the flag-set. Some examples of flag types from different aspects are: POS, Conjugation,
Transitivity, Tense, Pronoun type, Domain, Style, Language, Dialect features.

2.2.3 Restrictions

In order to represent additional contextual grammatical or usage restrictions on some
entities, the Restriction data structure has been created. These restrictions can be attached
to any entity, besides the set of flags. These restrictions describe things like the fact that
certain sense in the entry is used only for certain wordforms of the lexeme, or when lexeme
is used in certain grammatical structure (see example in Figure @ or that a certain lexeme
might be used only in some of the forms its inflectional paradigm formally prescribes.

Each such restriction consists of 3 parts: restriction type, restriction frequency and
restriction’s “value” — a set of attribute-value flags. Restriction type broadly classifies
all restrictions in several groups by their functioning (see below). Restriction frequency
loosely describes how often this restriction is applicable, and currently their values are, e.g.,
always, often, rare and unspecified as inherited from retro-digitised paper dictionaries.
However, we envision possible improvement here by switching to data-backed frequencies.
The third part of the restriction structure is set of flags. Flags here are the same as
described above (see Section and they describe actual properties we want to restrict
by, e.g., Case=Nominative. This part can also contain a free-text string that describes
some kind of language material — either some phrase or certain word form.

Currently, the platform supports following 6 Restriction types:

e togetherWith — denotes usage together with certain parts-of-speech, lexemes or
forms

e inStruct — denotes usage in certain structures, e.g., exclamation sentences

e inForm — denotes selection of certain inflectional forms or derivative of the lexeme
in question

e wordbuildingPart — one of the restriction types meant specifically for entries
describing parts of the words: this restriction is used for describing the other parts
of the compound to be made

e wordbuildingResult — another one of the restriction types meant specifically for
entries describing parts of the words: this restriction is used for describing resulting
compound

e overallFrequency — for cases when certain sense is described as rare or often we
decided to use restriction with this type and appropriate restriction frequency, but
without any flags, not to duplicate restriction frequencies as flag values
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Redigét apak$nozimi |Z|
Nozimes skaidrojums
pieklajibas forma, pazinojot klateso3ajiem par nodomu ko darit. {
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"StructuralRestrictions": {
Kafod»zini "AND": [
Pievienot ... v
{
lerobeZojumi " ",
Value®: {
"Flags": {
lerobeZojums "Izteiksme": [ Mood:
Forma/atvasinajuma XV "pavéles" Jlﬂpﬂfatllvﬂ
Biezums |
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e oavtioe i 1, In form or derivative
"Restriction": "Forma/atvasinajuma"
Pievienot ... v }
Valodas materials !
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"Value": {
lerobezojums "Flags": {
Kopa ar XV "Izteiksme": [ Mood:
Biesums "Nenoteiksme"  Fufinitve
Parasti x Vv ] ’
Karodzini "Vard$kira": "Darbibas vards"
Izteiksme: Nenoteiksme % v § } POS: Voré
Vardskira: Darbibas vards xv| ® Y,
Pievienot ... v "Frequency": "Parasti", uﬂua(’y
Valodas materials “Restriction": "Kopa ar" together
} with
OPaslépts ]
}
}
Atcelt Saglabat
e |,
(a) The editing dialog of a structural restriction. (b) The corresponding JSON data.

Figure9: The restriction for sense 1.2 of the word atlaut: this sense is expressed with
imperative form and usually in a phrase with an infinitive verb.

2.3 The Technical Stack

The application uses node.jsﬂ as the application host, with express. j as the HTTP
server, and pug. j as the template engine for server side rendering. Mixins are extensively
utilized for rendering repetitive components in the interface.

'Uue.j forms are used as self-contained independent components providing property
editing dialogues for each entity type. These forms communicate directly with the backend,
which is responsible for data validation and persistence.

PostgreS Q is used as the database engine. Each entity type and link type has its own
table in the database. Currently, the data model consists of approximately 40 database
tables, including administrative and supporting tables. Operations of larger scale, such as
the merging of two entries, are implemented as database procedures. Change logging is
also implemented as a database trigger function.

9 https://nodejs.org/en

10 https:/ /expressjs.com/

1 https:/ /pugjs.org

12 https:/ /vuejs.org/

13 https://www.postgresql.org/
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The dictionary application is being deployed on Ubuntu Linu as a Docke container,
with ngin as a reverse proxy engine in front of it, and PostgreSQL installed directly on
the server.

In publishing mode the application is currently serving a moderate workload of up to 200K
requests per day. If future increases in workload would cause performance issues, there
are several easy yet unexplored optimization possibilities. Additionally, if necessary, load
balancing can be implemented across multiple servers. In editing mode, the app supports
multiple named editors who can work concurrently.

3. Tools for lexicographic workflow

3.1 Verbalization of structured data

The grammatical and usage information for the dictionary entities (entries, lexemes, senses,
and examples) is stored as structured data in the form of paradigms, flags and structural
restrictions. The verbalization module generates a human-readable textual representation
of this information. Verbalization builds upon atomic rules for simple flags, enhanced
with aggregation rules for logical expressions, overriding rules for specific over general,
prioritization rules for placing the most important facts at the beginning, etc. Sample
results of verbalization are shown in Figure [10]

skraukél,(ét 3. konjugacijas darbibas vards; intransitivs; parasti forma: trea persona v LociSana

skraukset s. konjugacijas darbibas vards; intransitivs; parasti forma: tre$a persona; lieto: retak v LociSana

Figure 10: Verbalization results (in gray) for two lexemes.

3.2 Queries / Reports

To support the lexicographers, a query subsystem has been created, which allows to define
reusable queries for finding entities satisfying a specific lexicographic criteria as well as
data validation queries. This module enables users to define and reuse queries and presents
the results as navigable tables or lists of dictionary items (an example see in Figure .
The system supports both pure SQL queries and SQL+code queries. Currently, the system
comprises around 100 queries of varying complexity.

3.3 Interface for bulk-editing

To support bulk-editing of some aspects in the lexicographer’s work which cannot be fully
automated, a special module has been created which presents a list of micro-tasks to the

editor, who can select one of the quick choices, or open the entry for regular editing in the
unclear cases (see Figure .

4 https: //ubuntu.com/

15 https: / /www.docker.com/
16 https://www.nginx.com/
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Sinonimkopu saites: hiponimija
Skaits: 3564

Sakums Saite Beigas

(tévu tévu (arf tévutévu, tévtevu) laiki,

I hiponims:hiperonims ( bijusais, s, pagatneq )
ari seni laikiq )

(degt zilas ugunis (ari liesmas, ari ar . . _

P - hiponims:hiperonims ( degt; )
zilam liesmam)q )

(sacelt kajas ) hiponims:hiperonims ( pamodinat; )
(Rigas pods; ) hiponims:hiperonims ( mérs;, mérvieniba; )

(dzivsudraba (ari Gdens) staba (ari

. . hiponims:hiperonims ( mérss, mérvieniba, )
stabina) milimetrs; )

(dzives (arf miza) draudzene,, laulata
draudzene,, lauleney, sieva,, sievene;, hiponims:hiperonims ( otra puse; )
vecag, vecene; )

(dzives (ari miza) draudzene;, laulata
(manégja; ) hiponims:hiperonims draudzene;, laulene, sieva,, sievenes,
vecas, vecene; )

(ganu rags (ari taure); ) hiponims:hiperonims ( pG$aminstruments, )

(zviedziens;) hiponims:hiperonims ( smejas,, smiekli; )

Figure 11: Result fragment of a query for hyponomy links — first and last columns contain
link endpoints, middle column displays link type (direction).

Talka

Talkas vadlinijas Seit

Skaits: 103

“lofalfalelclelolfelelrle|ofnlt|ifv]c|alc]t
MIN|NJoflpfa|r|s|s|T]ufo|v]w|x]|Y]|z]z
Skirklvards Lekséma tagad ar mazo Pogas

Atseviska studentu  atseviska studentu

Atseviska studentu rota | abc I Abc I Abc+Tx I Abc+Vv |

rota rota
Bovera begonija Bovera begonija bovera begonija | abc I Abc I Abc+Tx I Abc+Vv |
Cedoarijas kurkuma Cedoarijas kurkuma  cedoarijas kurkuma I abc I Abc I Abc+Tx I Abc+Vv |
Celza oreocerejs Celza oreocerejs celza oreocerejs | abc I Abc I Abc+Tx I Abc+Vv |
Conoska ligustrs Conoska ligustrs conoska ligustrs | abc I Abc I Abc+Tx I Abc+Vv |
Dalienu knazistes Dalienu knazistes dalienu knazistes | abc I Abc I Abc+Tx I Abc+Vv |
Debesu manna Debesu manna debesu manna | abc I Abc I Abc+Tx I Abc+Vv |
Degéra morénas Degéra morénas degéra morénas | abc I Abc I Abc+Tx I Abc+Vv |

Figure 12: Bulk-editing interface. Task: capitalization of multi-word expressions; table
columns contain entryword, current lexeme, task specific automatically provided potential
correction and buttons for answering.

3.4 Collecting statistics

In the publishing mode, the application reports statistics on successful entry requests, as
well as on failed (entry not found) entry requests. The log of not found requests is utilized
to further enhance the dictionary content.

423



3.5 Collecting user feedback and suggestions

The platform provides a system that enables end-users to provide feedback and suggestions
for any dictionary entry. All suggestions entered are stored in the database, and a simple
workflow is provided to facilitate the feedback processing (see Figure [13a)).

piegriezums
piegriezums viriesu dzimte, lietvards

Péc konkrétas piegrieztnes veidota (apgérba) forma, modelis.

v Pieméri  Originals térpa piegriezums.

PROBLEMAS UN ZiNouuMi - @

Resolved LIETOTAJU ZINOJUMI:

Jauns Varétu im vardam pielikt ari otru nozimi, lai gan ta nav ipasi aktuala. Vienkarsi lasiju
gramatu un ieraudziju $adu lietojumu. LLVV & nozime ir redistrata.
piegriezums
X
Delegated .

2. Papildus iemérita un piedkirta zeme. Piemérs: Ganit lopus piegriezuma.
Dec 26 2022, 16:21

Postponed
(b) A new feedback message embedded in the edi-
(a) Workflow for user feedback processing. tor’s view of an entry.

Figure 13: User feedback processing.

All feedback can be viewed either in a list by workflow state, or in the related entry as an
embedded block with message and action buttons (see Figure [13b).

3.6 Keeping change history

In the editing mode, the application records all changes made to the dictionary at the entity
level. This includes information such as who made the change, when it was made, the type
of operation performed, and the data before and after the change. These logs (see Figure
enable editors to trace the change history and resolve any errors or misunderstandings
that may arise during the editing process.

Skirkla izmainu vésture

Skirkli nakt:1 kop$ datu ielades ir veiktas 17 izmainas.

Kad Kur§  Operacija  Kur Ko

2023-03-17 17:19 laura UPDATE senses  KJat (kadam), nonakt (kada stavokii,...
2022-12-09 15:38 agute  UPDATE senses Virzities Surp, ari ierasties, lieko...
2022-06-09 15:46 script  UPDATE senses  Braukt Surp (ar transportlidzekli, p...
2022-06-09 15:16 script  UPDATE lexemes nakt

2021-08-24 11:08 agute  UPDATE senses  Dzimt.

2021-06-28 12:35 agute  UPDATE senses  Maksat (2).

2020-12-04 02:16 system UPDATE  senses Maksat (2).

2020-12-04 02:16 system UPDATE senses  Tikt ievietotam, novietotam (kur).
2020-12-04 02:16 system UPDATE senses  Veidoties, iestaties, iesakties (pie...
2020-12-04 02:16 system UPDATE senses  Tikt iegltam (pieméram, par razu, pa...

2020-12-04 02:16 system UPDATE senses  Tikt sttitam Surp, atrasties cela 3u...
2020-12-04 02:16 system UPDATE senses  Pakapeniski rasties, klat ir
2020-12-04 02:16 system UPDATE senses  Pakapeniski iestaties (par paradibam...
2020-12-04 02:16 system UPDATE senses  Tuvoties, pakapeniski iestaties (par...
2020-12-04 02:16 system UPDATE senses Virzities, braukt Surp (par transpor...
2020-12-04 02:16 system UPDATE senses  Peld&t Surp (parasti uz narsto$anas ...
2020-12-04 02:16 system UPDATE senses  Lidot Surp (parasti par putniem, kuk...

Figure 14: List of change history for the verb nakt

424



4. Use cases

The primary role of Tezaurs.lv is as a multi-functional online dictionary designed to meet
the needs of a diverse range of users. We provide search results based on inflectional forms
and spelling variants, as well as links to phonetically similar, alphabetically adjacent, and
semantically linked words. For the entries of Latvian WordNet we also provide translations
allocated to specific senses, which helps language learners and translators. To manage the
extensive information, we use openable/closable blocks to display the data, rather than
hiding it. We have also redesigned the interface with the understanding that the amount
of data may continue to expand in the future. This allows each user to explore the data as
deeply as they desire (see Figure . This approach makes Tezaurs.lv a valuable resource
for a wide range of end-users, including language learners, students, translators, and the
general population.

vards vai fraze B m

v=tmmillll

Homonimi koks1
Koks? koks [kuoks] viriedu dzimtes 1. deklinacijas lietvards v Loci$ana
koks? 1. Daudzgadigs augs ar augstu, koksnainu (parasti vienu) stumbru, zariem un sakném.
Lidzigi Skirkli: v Pieméri Koku pazarés sarunajas meZa baloZi.
pamatlekséma Skirkli koki v Saistitas nozimes  liepa, 0zols, osis, dzivibaskoks, tdja.
rakstibas variants Skirkii A Stabili vardu savienojumi
kokss
« Dravas koks — koks, kura ir ierikota dore; biSu koks.
« Dzivibas koks — tUja; dzivibaskoks.
* EJlas koks — olivkoks.
Apkaime « Gazt (ari laist) kokus — zadét, cirst kokus.
kokpiepe  Ka putns koka (ari zara gala, gaisa) — bez pienakumiem, saistibam, ripém.
kokpiesis * Koku gaZama daksa — divzaru daks$a ar ipasi izliektiem zaru galiem aizzagéta koka gasanai.
kokp?le » Koku skola — koku un krimu stadu audzétava.
kokpl_ts . * Koku tarpi novecojis — koksngrauzu, mizgrauzu kapuri.
kokpTkaine * Korka koks — korkakoks.
kokroze

. Lapu koks — segseéklis ar parkoksnéjusos stumbru un vasarzalam vai mizzalam lapam; lapkoks.
kokripnieciba

Pértiku maizes koks — tropu koks ar |oti resnu stumbru, kuplu lapotni, miltainiem édamiem augliem; baobabs.
Rieksta koks — riekstkoks (1).

:g:::g;zs « Skuju koks — segséklis ar parkoksnéjusos stumbru un skujam; skujkoks.
koksagra  ZaJ$ koks — koks ar lapam.

DEETE A~ Tulkojumi

koksankilometrs

koksartrits tree

a tall perennial woody plant having a main trunk and branches forming a distinct elevated crown; includes both
gymnosperms and angiosperms

koksartrolistéze

‘ MLVV [Princeton WordNet 3.0]
koks?
| koks? L s e
2. Runga, ndja, stienis (pieméram, siSanai, radisanai).

LLWV v Pieméri  Zenijas tante teica, ka logs bijis izsists ar koku!

1
koks v Saistitas nozimes
koks?

v Stabili vardu savienojumi  Nedzivais koks.
v Tulkojumi

2.1. vésturisks; forma: daudzskaitlis Soda veids — sitieni ar ndju, riksti vai patagu.

v Saistitas nozimes

Figure 15: The public view of the entry koks (tree’) with opened interface panels for
MWEs and translations.

Secondly, the created platform provides wide functionality for dictionary editors. Despite
the fact that the information to be included in the dictionary can be quite extensive and
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structurally complex (as in cases with restrictions), according to Tezaurs.lv editorial team,
the dictionary editor is quite convenient, intuitive and user-friendly. Furthermore, it can be
adapted for the creation and development of other dictionaries with minimal modifications,
as demonstrated by its successful use with two other dictionaries. Key advantages and
benefits:

e The system efficiently handles even relatively large dictionaries

e Editor authentication/authorization, change history tracking, and parallel work
capabilities (with a limitation that multiple editors cannot edit the same entity
(lexeme, sense, etc.) at the same time)

e Queries and reports enable data review from diverse angles, with future plans to
support more advanced searches (e.g., using regular expressions)

e Where feasible, data entry utilizes predefined lists to minimize errors by editors, and
incorporates routinely updated automatic error checks to accommodate emerging
requirements

e User feedback storage and processing, including content error reporting as well
as suggestions for new entries or clarifications, is fully integrated into the system,
eliminating the need for e-mail communication

e Offers a visually appealing web-based interface, reducing compatibility issues across
different operating systems

e Streamlines the creation of interfaces for bulk data processing and facilitates regular
cleanups to address more uniform issues (e.g., sorting MWESs by types such as
toponyms, taxons, other proper names, etc.)

4.1 Support for multiple dictionaries

Currently, the platform is used for 3 different dictionaries already published online: for
Tezaurs.lv, for the actively developed MLVV (Dictionary of Modern Latvian) (Zuicena,
2012), and for a retro-digitised version of the earlier authoritative dictionary of Latvian —
LLVV (Dictionary of Standard Latvian). All 3 dictionaries are served from the same
application code, pointing to different databases. The only differences between them are
the used style sheets and some conditionally excluded features that are not required for a
specific dictionary.

In general, the platform is designed to be extensible and adaptable for a multitude of
future uses, too. We are starting to develop a Latgalian dictionary on this platform, and
hope in future to add several retro-digitised dictionaries. While we focus more on Latvian,
the core platform itself is language independent as long as someone translates the user
interface, updates the flag sets, the morphological analyser integration, the verbalization,
and if target language uses similar dictionary structure.

5. Conclusions and future work

The choice of a hybrid data model has permitted to evolutionary move from an entry-
oriented view towards more graph-oriented data structures, as well as to support dictionaries
of various level of formalization and improve the formalization of Tezaurs.lv itself.

17 https://llvv.tezaurs.lv
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When building such a diverse and multi-functional lexical resource, precise and task specific
tool support turned out quite crucial even if our team is quite small. The searching and
error-checking abilities of the developed system majorly improved both the speed of content
creation and the quality of the result.

Another advantage of this approach is its flexibility to enable supplementary micro-tools
which build upon the shared core data model. Currently the synthesizer of morphological
forms is integrated in this manner, but in future we would like to add other micro tools
as well, such as generation of pronunciation samples. We have also recently started a
project on extending Tezaurs.lv with additional lexicographic data (namely, etymology
and derivation links) and this platform enables us to include them as extra information in
a shared lexical resource, instead of creating a separate resource like Derinet (Vidra et al.|
2019) which afterwards could diverge from the continuously maintained dictionary.

Future platform improvements include extending the graph related features of the data
model both on the data model level and on the visualization level. We plan to extend the
reach of this work by publishing the source code of the platform under the GPL licence.
We also plan to use Tezaurs.lv platform to host even more dictionaries, both including
other retro-digitised dictionaries and providing a platform for Latvian researchers to create
new digital dictionaries.

We hope that this experience will be useful for other researchers building lexical resources
and tools for maintaining them.
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