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Abstract

This paper presents a new search engine developed for the Large Electronic Dictionary of the
Ukrainian Language (also known as VESUM)-a project aiming at generating a morphological
dictionary for the Ukrainian language, which is also used in a Ukrainian POS-tagger. The aim
of the current project is to set up a more user-friendly interface with broader search options,
which at the same time provides more information contained in the Dictionary database. The
newly developed search functionality for the Ukrainian Dictionary is built upon the search
engine created for the Belarusian grammar database and utilizes grammar tags defined in the
VESUM database. It enables the usage of wildcards in search queries and allows a user to set
up search grammars. The developed system provides more extensive search options and a way
of displaying lemma information that is more structured and transparent both for professionals
and non-linguists. It is well-suited for the addition of new tags and search parameters (including,
but not limited to, conjugation classes and variations in the orthography of certain words)
which will be featured in future versions of the software.
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1. Introduction

There is a multitude of well-developed NLP tools and databases available for the
Ukrainian language that are widely used across various software applications.
Nevertheless, the information in such databases is often stored in formats that are not
easily usable and are not conveniently consumable by the public.

One such database is the Large Electronic Dictionary of the Ukrainian Language, also
known as VESUM, after its Ukrainian acronym (Rysin & Starko, 2005-2023). It is a
morphological dictionary that describes the lemmas of the Ukrainian language along
with their inflected forms, supplied with grammatical and semantic tags. The data from
this dictionary is used in such projects as LanguageTool spellchecker or Wikipedia
search (Rysin & Starko, 2020). The creators of the dictionary also provide the data
both in the raw format and through a simple search form. However, in order to
comprehend the search results, one may need to thoroughly go through pages of
documentation, while any search that goes beyond a keyword requires one to create
own query scripts to run on the raw data.
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The aim of the current project is to build a user-friendly search interface for the
VESUM that would leverage most of the data available in the dictionary, including
some pieces of information that might be inaccessible through the existing simple search
form. This task includes several steps: 1) an analysis of the VESUM structure and the
ways to put this structure into queries; 2) an overview of the existing search systems
for the dictionaries and grammatical databases of other languages; 3) an
implementation of the first versions of the search tool and planning of the future
directions of the development. Each of the outlined steps is described in detail in the
sections that follow.

2. VESUM

VESUM, the Large Electronic Dictionary of the Ukrainian Language, was created in
2005 as a part-of-speech database. Since then, the dictionary itself or its modifications
have been utilized in a number of projects, including search engines of Ukrainian
Wikipedia and the General Regionally Annotated Corpus of Ukrainian, or GRAC, as
well as the Ukrainian spellcheckers in LibreOffice or LanguageTool (Rysin & Starko,
2020).

Since the dictionary is used in spellchecking software, it contains not only those
Ukrainian lemmas that are considered a part of literary language, but also corrupted,
colloquial, dialectal, and other non-standard forms, each marked accordingly to indicate
its usage mode.

The initial version of the dictionary was based on several printed dictionaries of the
Ukrainian language (Krytska et al., 2011; Busel, 2005; Karpilovska, 2013), and the
database is constantly being updated with new entries, in particular, the untagged
words found in the GRAC (Shvedova et al., 2017-2023). The GitHub page of the
dictionary (Project to generate POS tag dictionary for the Ukrainian language)
contains the latest available version of the database and enables users to make
suggestions on corrections and additions to the dictionary. Those are reviewed by the
maintainers.

2.1 Internal Representation

The internal representation of the dictionary does not contain all inflected forms of
each lemma, but rather lists lemmas with a group of special tags describing the lemma
from grammatical and lexical standpoints. They are then used to automatically
generate the visual representation of the dictionary (see section 2.2 below). Examples
of lemmas and corresponding forms are shown in the table 1.

Each tag group starts with the base tag showing the part of speech and the inflection
class, if applicable. It may be followed by a series of marks showing specifics of the
inflected forms’ generation for this lemma, including sound alternations or alternative
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endings for certain forms. Additional tags placed after them may indicate supplemental
grammatical (e.g. perfective vs imperfective aspect for verbs) as well as semantic
information (e.g. animate vs inanimate nouns, specific indication of family names or
names of cities). Lastly, the lemma can be marked with flags indicating its usage
(colloquialisms, vulgarisms, alternative spellings, orthographic variations, etc.)

AEePEeHbKOTaHHA /n2n

nepenbkotatn /vl.cf.advp :imperf
[ePEHbKOTIHHA /n2n

nepenbkotitn /vl.cf.advp :imperf
AepeHbkyunin /ad]

Aepenpecia /nl10.pl

Aepewysatunii /adj

Aepxasa /nl0.pl.ikl

nepxasautop /n20.a.p.ke.< ua_ 2019

Aepxaseup /n22.a.p.<

Table 1: An excerpt from the internal representation of VESUM.

For example, the lemma “paepeHbkotatn” (“to jar”) shown in the table 1 is tagged as an
imperfective (:imperf) verb of the first conjugation group (v1) that may use synthetic
future tense forms (cf) and has a corresponding adverbial participle (advp). Similarly,
the lemma “pepkasautop” (“state auditor”) is described as an animate (<) masculine
noun of the second declension group (n20), ending in -a in singular genitive form (a),
in -e — in singular vocative form (ke) and having no alternations in plural forms (p).
Additionally, it’s indicated to follow the spelling norms introduced by the Ukrainian
orthography of 2019 (:ua_ 2019).

2.2 Generated Visual Representation

The internal representation shown in the previous section provides a way for systematic

and economic storage of the lemma descriptions. However, for the dictionary to be used

in real-life applications, it is preferable to have a list of all the inflected forms shown

explicitly. In the VESUM, one of the forms of such a list is called a visual representation.

It is generated from the internal representation and has a set of tags of its own: it

copies some semantic and lexical information, removes the tags used solely for
W

mechanical forms generation (e.g. the tags “a” or “ke” shown above to represent certain
endings), and adds the characteristics of the inflected forms. Table 2 shows examples

310



of visual representations for several parts of speech (for the sake of brevity, only part
of the inflected forms is shown for each lemma).

As can be seen from the table 2, VESUM generates all the inflected forms for a given
lemma, including cases when several alternative versions are possible for a certain form.
For instance, the masculine (m) locative (v_mis) of the lemma “pgepxasgutop” (“state
auditor”) can surface both as “pepmasautoposi” and as “pepxasgutopy”. Possible
differences in usage of the alternative forms are indicated as well: the plural (p)
accusative (v_zna) of the adjective “pepHysatnit” (“soddy”) is “mepHyBatux” for
animates (ranim) and “gepHysati” for inanimates (rinanim).

Verb Noun Adjective
AepeHbkoTatTh verb:imperf:inf | A€PXaBAnUTOp AepHyBaTuiA adj:m:v_naz
noun:anim:m:v_naz:ua_ 2019 )
AEepeHbKOTaTb aepHysaToro adj:m:v__rod
verb:imperf:inf:short AepxasanTopa i adi )
noun:anim:m:v_rod:ua_ 2019 AEPHYBATIM ad):11:v._ IS
AepeHbKoun . _
verb:imperf:impr:s:2 AepaBanTOPI AepHysaTomy adjm:v_mis

[epeHbKOYIM noun:anim:m:v_mis:ua_ 2019 pepHysaty adj:f:v_zna

verb:imperf:impr:p:1 AepP¥aBAUTOPOBI nepHysatoto adj:f:voru
noun:anim:m:v_ mis:ua_ 2019

AEPEHBKOYEM AepHysatnm adj:n:v_oru
verb:imperf:pres:p:1:subst AepXasanTopy
noun:anim:m:v_ mis:ua_ 2019 AepHyBaThX
AEpeHbROTaTUMY adj:p:v__zna:ranim
verb:imperf:futr:s:1 AepkasauTope _
noun:anim:m:v_ kly:ua_ 2019 AepHyBar
A€peHbkoTana adj:p:v__zna:rinanim
verb:imperf:past:f Aepkasantopu
noun:anim:p:v__naz:ua_ 2019
AepeHbKoTanu
verb:imperf:past:p Aepkasantopu

noun:anim:p:v_ kly:ua_ 2019

Table 2: Examples of visual representation in VESUM.

2.3 Current Search Form

The search form that has been used for VESUM so far (Rysin & Starko, 2005-2023;
see figure 1) provides only the basic functionality: search across the dictionary’s visual
representation by lemmas, inflected forms, or their parts with no options to utilize the
grammatical information provided by the dictionary. Apart from that, the results are
directly replicating the format of the visual representation, i.e., show only the inflected
forms with their tags in the machine- rather than human-readable format.
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8lEC

“*BECYM

Bepcisn 6.1.0. Haniuye 418657 nem (Ginblwe craTtucTuku, onuc Teris)

[oknagHiwe npo Te, AK BNAWTOBAHO CIOBHUK, MOXHA Ai3HATUCA Y Ui cTaTTi

[enoso* x || 3nantu | E Cepep ycix cnosocopm

3HatideHo 3abazamo eidnoeidHuKie, pedynsmam 6yno obmexeHo 30-

« % i Il £
aiiieieg Lykamu «cnoeo*» Ha iHwux pecypcax: [N

CNnoBO noun:inanim:n:v_naz
cnosa noun:inanim:n:v_rod
cnosy noun:inanim:n:v_dav
CnoBo noun:inanim:n:v_zna
CNOBOM noun:inanim:n:v_oru
cnoBi noun:inanim:n:v_mis
cnosy noun:inanim:n:v_mis
cnoso noun:inanim:n:v_kly
cnosa noun:inanim:p:v_naz
cniB noun:inanim:p:v_rod
cnosam noun:inanim:p:v_dav
cnosa noun:inanim:p:v_zna
cnosamMu noun:inanim:p:v_oru
cnosax noun:inanim:p:v_mis
cnosa noun:inanim:p:v_kly

cnoso6nya noun:anim:m:v_naz
cnosobnyaa noun:anim:m:v_rod
cnosobnyaosi noun:anim:m:v_dav
cnoeobnyay noun:anim:m:v_dav

Figure 1: The previous VESUM search interface.

The limited search capabilities of this form are far from providing users with all the
data that can be retrieved from the database. A new user-friendly search interface
enabling the creation of search queries based on the grammatical features of the lemmas
or their forms would make the database more convenient both for linguistic research
and for day-to-day usage as a reference dictionary. Apart from that, structured
inflection tables instead of the bare lists of forms would constitute a nice addition to
the updated interface.

3. Online Dictionaries of Other Languages

The next step in creating the new search interface is an analysis of similar existing
tools and surveying the possibility of their adaptation to VESUM. This section provides
a short overview of the search engines available for dictionaries and grammatical
databases of other languages. It focuses on the Slavic languages since those have similar
grammatical categories compared to Ukrainian, and on English as a language with a
wide range of lexicographic resources.
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3.1 Grammatical Dictionary of Polish

The Grammatical Dictionary of Polish (Kiera$ & Wolinski, 2017; Grammatical
Dictionary of Polish; see figure 2) provides a variety of search options for the lemmas
and their forms: lexical classes, frequency, gender, aspect, etc. It provides grammatical
information, inflection tables, and—for some of the lemmas—clarifications on the
meaning. The downside of this dictionary is its unintuitive interface that makes it hard
for the users to do an extensive search without studying the documentation for the
dictionary.

Filters

and +

Commonness

Clear Savefilter Load filter = Apply filter

Pronunciation

Gender count
Reflexivity

Aspect

Figure 2: Grammatical Dictionary of Polish.

3.2 Grammar Database of Belarusian

The Grammar Database of Belarusian (Bulojéyk & Kosc¢anka, 2021; Grammar
Database) also provides a search interface that uses grammatical and lexical
information of the lemmas and provides the inflection tables for each inflected lemma.
Compared to the Polish resource, it uses a more visual and structured way of filtering
by lemma features, which it presents as “search grammars” (see figure 3). Another
advantage of this dictionary is the fact that the source code for the search engine is
public (Korpus: Corpus Linguistics Software) and is declared to be adjustable for other
languages.
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Aasesicnoy v

MepaxoaHacub
(J nepaxogHbl () HenepaxogHbl [ nepaxogHbl/HenepaxoaHbl

TpbiBaHHe
(J 3akoHuyaHae TpbiBaHHE (J He3akoH4aHae TPpbiBaHHE

3BapoTHacub
(J 3BapoTtHbl () HE3BapOTHbI

Cnpaxa3HHe
(J 1-e cnpaxaHHe ([J2-e cnpaxaHHe [ posHacnparanbHbl

Figure 3: Grammar Database of Belarusian.

3.3 Dictionaries of English

Some examples of well-known online English dictionaries are the Cambridge Dictionary
(Cambridge University Press & Assessment, 2023) and the Macmillan Dictionary
(Macmillan Education Limited, 2009-2023). Both provide definitions of the words, their
pronunciation, basic grammatical information (for instance, part of speech), and usage
examples. In addition, the Cambridge Dictionary supplies some articles with pictures,
while the Macmillan Dictionary contains inflection tables and may list synonyms and
other related words (see figure 4). Nonetheless, they neither provide the possibility to
use any word characteristics in the search queries, nor support search by regular

expressions.

The RegEx search for English words however is supported by some other web resources,
for example, the Word Finder (Word finder 2023). However, this kind of resource
typically doesn’t contain any grammatical information as it is mostly oriented at
crossword puzzle solving, rather than at providing linguistic information.
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t0€ opermimions anp synonyms ek

NOUN COUNTABLE UK W) /tav/

WORD FORMS -

singular toe
plural toes

DEFINITIONS 2

o one of the five individual parts at the end of your foot. Your big toe is the largest, and your
little toe is the smallest

Vera slipped off her shoes and wiggled her toes.
| stubbed my toe (=hurt it by hitting it) on the step.

on your toes (=with only your toes on the ground): He stood on his toes to look out of the
window.

Synonyms and related words =

General words for limbs and appendages

ankle appendage

Figure 4: An entry in the Macmillan Dictionary.

4. Implementation

Based on the overview of the online dictionaries presented in the previous section, it
was reasoned that the Grammar Database of Belarusian has the most fitting search
interface for online dictionaries of Slavic languages. One of the most important
differences between the VESUM and the Belarusian Grammar Database is the format
in which the data is stored. In the VESUM the data is stored in two ways: internal (see
section 2.1) with several kinds of tags and marks for each lemma and visual
representation (see section 2.2) with a narrower set of tags. The Belarusian Grammar
Database utilizes a group of XML files describing paradigms, lemmas, and inflected
forms (see table 3). It also contains groups of tags describing each of the items. However,
the Grammar Database strongly relies on the tag groups having a certain rigid format
and order, so the usage of the suggested format required a transformation of the
VESUM tag system. The scripts that achieve that are available on GitHub (Dictionary
Format Translator, 2023). The base version of the updated VESUM search uses XML
files as its internal data representation. At the time of writing efforts are underway to
rebuild the search engine so that it uses the SQL-based data source, in order to achieve
a more efficient and seamless operation.
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<Paradigm pdgld="1211000" lemma="na-na+Tae" tag="72">
<Variant id="a" lemma="na-na+Tae" pravapis="A1957,A2008">
<Form tag="" slouniki="krapivabr2012,sbm2012">na-ns+rae< /Form>
< /Variant>

< /Paradigm>

<Paradigm pdgld="1127963" lemma="aa3iHa+uuauepa" tag="MAKS">

<Variant id="a" lemma="agziHa+uuauepa" slouniki="piskunou2012:7147" pravapis="A1957,A2008">
<Form tag="PNP" slouniki="prym2009">aazina+uuauyepa</Form>
<Form tag="PGP" slouniki="prym2009">agsiHauuauapbli+x< /Form>
<Form tag="PDP" slouniki="prym2009">aaziHauuauapbi+m< /Form>
<Form tag="PAP" slouniki="prym2009" options="inanim">aagzina+uuauepa</Form>
<Form tag="PAP" slouniki="prym2009" options="anim">agzinauuauspbi+x</Form>
<Form tag="PIP" type="nonstandard">agziHayuauspsi+ma< /Form>
<Form tag="PIP" slouniki="prym2009">aaziHauuauspsi+mi</Form>
<Form tag="PLP" slouniki="prym2009">aaziHayuausapbi+x< /Form>

< /Variant>

< /Paradigm>

Table 3: Examples of entries in the Belarussian Grammar Database.

Of the two VESUM representation formats, the porting was done for the visual one
since it provides the set of data that is closer to the search criteria that the users might
be interested in when using the software. Nonetheless, the internal representation does
provide some additional data that can be interesting for researchers, so the future
development plans include the integration of the internal data into the final search form
(see also section 6). The currently supported tags provide information on the part of
speech, and POS-specific characteristics for lemmas and their inflected forms: 1) for
nouns: animate vs inanimate, common vs proper, abbreviation vs non-abbreviation,
gender, number, case, 2) for adjectives: degree of comparison, gender, number, case,
usage with animate vs inanimate nouns for certain forms, 3) for verbs: reflexivity, aspect,
tense, gender, number, person, 4) for adverbs: degree of comparison, and 5) for
conjunctions: coordinating vs subordinating. An example of tag groups describing
Ukrainian lemmas is shown in the table 4.

After completing this task, several other items had to be addressed in order to launch
the updated VESUM search engine, namely: 1) porting of Korpus search functionality
to a more compact framework (from pure Tomcat to Spring Boot), 2) adaptation of
search parameters to correspond to the transformed VESUM tag system, 3) adaptation
of the inflection tables to correspond to the sets of inflected forms generated by the
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VESUM, 4) design adjustments to make the search page more in line with the existing
ecosystem of computational linguistic tools for the Ukrainian language. All the listed
tasks and future development steps can be followed on the VESUM search GitHub page
(2023).

<Paradigm pdgld="87838" lemma="pepeHbkotatn’ tag="VMN">
<Variant id="a" lemma="pepeHbkoTaTn">
<Form tag="0">gepeHbkoTatn</Form>
<Form tag="R1S">gepeHbkouy< /Form>
<Form tag="R2S">paepeHbkoyew< /Form>
<Form tag="PXP">pgepeHbkotann< /Form>
< /Variant>
< /Paradigm>

<Paradigm pdgld="87858" lemma="pepxasgntop" tag="NCANM">
<Variant id="a" lemma="gepasanTop" orthography="ua_2019">
<Form tag="NS">paepxasgntop</Form>
<Form tag="GS">pepxasautopa< /Form>
<Form tag="DS">aepxasanToposi< /Form>
<Form tag="DS">paepxasantopy< /Form>
<Form tag="AS">pepxasantopa</Form>
<Form tag="VP">pgepxasautopn< /Form>
< /Variant>
< /Paradigm>

<Paradigm pdgld="88489" lemma="pepHysatnii" tag="AP">
<Variant id="a" lemma="pepHyBatnin">
<Form tag="MNS">paepHysatuin< /Form>
<Form tag="MGS">gepHysatoro< /Form>

<Form tag="PAP" options="anim">paepHysatnx< /Form>
<Form tag="PAP" options="inanim">gaepHysarti< /Form>
<Form tag="PIP">paepHyBatummn< /Form>
<Form tag="PLP">pepHysatnx< /Form>
<Form tag="PVP">pgepHysarti< /Form>
< /Variant>
< /Paradigm>

Table 4: Examples of the VESUM entries after the translation of the internal tag system of
the VESUM to the one more suitable for the search engine.

5. Results

The set-up search system for the VESUM provides users with functionality to perform
a search across lemmas or across all the inflected forms in the dictionary, using both
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exact queries and regular expressions (see figure 5). The results are displayed as lemmas
with lists of their grammatical features. By clicking on a lemma, the user can view its
inflection table (see figure 6).

BECYM

Cnosa  Gnakur.’ Mopsipok: @ 3suuaiitmii O 3BOPOTHIN

FAKLWO YKNacTu rpamatuky i obpatit YacTUHY MOBMW, Y SiKiii CFI0BO MOXe

@® 3a novartkoBot HopMOoio . i X R
Maty aekinbka hopM, MOXHa BUBOAWTH hOPMY, iHaKLLY Bif NOYATKOBOI

O 3a Bcima chopmamun

Yknactu rpamatuky -

CKUHYTU HaLITYBaHHS MOLLYKY
MoLuyk

6nakuTHaBun — npukMemHuk, 6azosa gpopma
BGnakuTHeHbKWUI — NpukMemHuk, 6aszosa gpopma
6GnakuTHUI — npukMemHuk, 6azoea ghopma
6nakuTHITK — diecrioe0, HeAOKOHaHe, He380pomHe
6GnakuTHiwaTu — diecrio80, HEOOKOHaHe, He380POMHe

Figure 5: Main page of the developed search interface, search with a regular expression, and a
list of displayed results.

A. 6nakuTHomy
OOH.
N 3H. 6nakuTHe
Op. GnakKuTHUM
M OGnakuTHIM
6nakuTHomy
Kn. 6nakutHe
H. 6nakutHa
P 6nakutHoi
A. OnakuTHIn
x. | 3H. 6nakuTHy
Op. GnakuTHolo
M. OnakuTHIn
Kn. 6nakutHa

Figure 6: A section of an inflection table for the lemma “6nakutHnin” (“light blue”).

The most powerful part of this tool is the search grammars that can be used to filter
lemmas by their features. By clicking “Yknactu rpamatury” (“Set up a grammar”) the

318



user can select a certain part of speech and the POS-specific features of interest. Figure
7 demonstrates a grammar that covers masculine inanimate common nouns.

iMEHHUK v

BnacHa Ha3Ba
3aranbHa Hassa [ BnacHa Hassa

IcToTa
(JicTora HeicToTa

AGpeBiaTypa
() abpesiatypa [JHe abpesiaTypa
Pino
yonosiuwmit pia [ xiHounit pig [ cepeaHint pig

MHOXUHHI
(J MHOXMHa

BiamiHok
() HaauBHuiA BiamiHOK () pogoswit BigmiHok () aaBanbHuin BigMiHOK () 3HaXigHwWit BigMiHOK

([ opyaHwit BigmiHok () micuesuin BigMiHOK [) knuyHwMiA BiAMIHOK

Figure 7: A search grammar that would capture masculine inanimate common nouns.

6. Conclusions and Future Directions

The new search interface that was built for the VESUM is implementing a more user-
friendly way of interacting with the database, and by providing advanced search options
it allows one to make more use of the information available for each of its items. The
use of search grammars (see figure 7) in combination with the regular expressions may
be useful for researchers who need to compile lists of words sharing a certain
grammatical feature (for example, listing all masculine nouns with typical feminine
endings, or verbs that have given prefix, etc.). Apart from that, the neatly structured
inflection tables make the dictionary convenient for non-linguists who might be looking
for correct spellings of certain words or their forms.

Having said that, there is still a lot of work that can be done on the part of integrating
the search form with the VESUM database. The current version implements a search
that is based on the tags of the dictionary’s visual representation, leaving the internal
source files aside. One of the next steps therefore would be to integrate both dictionary
representations (as each of them contains some unique information) into the set of
search options. That would include grammatical information, such as inflection classes
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or alternations, as well as usage mode, such as indications of colloquialisms, vulgarisms,
etc.

Other possible directions for improvements include 1) addition of information that
might not come directly from the VESUM, e.g., integrating with other online resources
for the Ukrainian language, 2) addition of links to the related resources for Ukrainian
and other languages, 3) implementing functionality for reporting mistakes and
providing suggestions, 4) English localization, and 5) creating the structured public
documentation describing all the data available in VESUM and accessible through the
search interface.
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