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Abstract
We describe an extensive and versatile lexical resource for Latvian, an under-resourced Indo-European language, which we call Tezaurs
(Latvian for ‘thesaurus’). It comprises a large explanatory dictionary of more than 250,000 entries that are derived from more than 280
external sources. The dictionary is enriched with phonetic, morphological, semantic and other annotations, as well as augmented by
various language processing tools allowing for the generation of inflectional forms and pronunciation, for on-the-fly selection of corpus
examples, for suggesting synonyms, etc. Tezaurs is available as a public and widely used web application for end-users, as an open data
set for the use in language technology (LT), and as an API — a set of web services for the integration into third-party applications. The
ultimate goal of Tezaurs is to be the central computational lexicon for Latvian, bringing together all Latvian words and frequently used

multi-word units and allowing for the integration of other LT resources and tools.
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1 Introduction

Tezaurs," a machine-readable lexicon and an online dictio-
nary for Latvian, one of the 24 official EU languages, has
been around for a while. The initial human-oriented version
of this resource was made publicly available in 2009, com-
prising more than 125,000 entries that were consolidated
from around 40 sources: modern and historical dictionar-
ies, mostly available in a printed form. Since then, Tezaurs
has been updated once every three months, and so far it has
grown to more than 250,000 entries referring to more than
280 sources.

Tezaurs has attracted a large end-user base” and an increas-
ing interest from third-party application developers, how-
ever, this work has not been published before.

The ultimate goal of Tezaurs is to be the central open com-
putational lexicon for Latvian, allowing for the integration
of other resources and tools for language technology (LT).
An analogy can be drawn to SALDO (Borin et al., 2013),
a lexical database for Swedish, the central component in
an integrated infrastructure for computational lexical re-
sources.

The idea, theoretically, is to bring together all the Lat-
vian words and frequent multi-word units, along with their
morpho-syntactic features and meaning, that have been
used in the written texts. A secondary aim is to create and
maintain a reliable source for language users, where they
can verify and learn word forms, senses, and the lexical
and grammatical valency.

For the language users, Tezaurs is already a highly pop-
ular online reference dictionary.> In addition to the fact
that it is derived and consolidated from existing sources,
Tezaurs provides added value: inflectional tables, phonetic
transcriptions, synonym sets, and corpus examples. All the
data and the accompanying web services are open-source
and open-access.

1

"http://tezaurs.lv

2 Around 195,000 unique visitors (78% returning) over the last
12 months; around 67,500 sessions per month.

*More than 4.5 million page (entry) views per year. (There are
about 2 million Latvian speakers worldwide.)

2  Wordlist

Tezaurs is already a useful LT resource even only as an
extensive authoritative vocabulary with (optionally) addi-
tional attributes for each word: the homonym index, the
part-of-speech (POS) category, the inflectional paradigm,
the phonetic transcription, domains of usage, stylistic
markers and usage restrictions (dialecticism, archaic, col-
loquial, slang, vulgarity, child speech, etc.), as well as ref-
erences to the sources.

The additional features allow for calling the Tezaurs web
services, e.g. to generate a table of possible word forms
based on the lemma and the inflectional paradigm, and
for selecting a sub-vocabulary depending on the particu-
lar use case and application. Tezaurs has already been
used as a source of general-purpose or customized wordlists
in various text analysis pipelines that tend to have con-
flicting requirements on inclusion or exclusion of e.g.
slang, archaisms or specific domains. To mention a few
examples, Tezaurs’ wordlists have been exploited in a
newswire information extraction system (Paikens, 2014), in
the transliteration and correction of OCR errors in histori-
cal texts (Pretkalnina et al., 2012), in an open-source spell
checker, in various word games like Scrabble, and in other
smaller research and commercially oriented applications.
Currently, a list of headwords along with their homonym
indices, part-of-speech categories, inflectional paradigms
and source references is available in the public repository
of Tezaurs open data.* The remaining word attributes are
under revision.

The wordlist is available also a web service that returns
either the whole wordlist® or a detailed set of the above
mentioned attributes for a particular word® along with
homonyms, if any.

3 Morphological Information

The current end-user interface integrates a morphological
web service, an extension of an open-source morpholog-

*https://github.com/LUMII-AILab/Tezaurs
Shttp://api.tezaurs.lv/vl/words/
*http://api.tezaurs.lv/vl/words/doma
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ical analyzer for Latvian (Paikens et al., 2013), as a way
of generating inflection tables for the lexical entries. Con-
sequently, it also supports the inclusion of the Tezaurs
wordlist (or a subset of it) as a lexicon for POS and mor-
phological tagging and for lemmatization.

Although the source dictionaries do not include the mor-
phological information of the headwords, or they include
only a partial information, we can semi-automatically de-
tect the POS category and the inflectional paradigm for
each word. In most cases this can be done automatically,
although quite a few cases have a chance for errors or un-
certainty until the particular word groups are manually re-
viewed.

The main challenge is due to the tradition in the Latvian
lexicography, which typically does not specify the POS cat-
egory (a consequence of a highly inflected language). As of
authors knowledge, the only Latvian dictionary that consis-
tently includes POS tags is the Dictionary of Modern Lat-
vian Language, MLVV.” MLVV is only now being trans-
formed into a machine-readable form. When this is done, it
will cover about 20% of entries in Tezaurs. Thus, in cases
where the POS category cannot be unambiguously deter-
mined by the formal indications such as the word ending,
the detection of the POS category and the specific inflec-
tional paradigm of that category requires taking the mean-
ing of the word (homonym) into account.

Another challenge is the need for manual reviewing of
entries that include hints for non-standard inflectional
paradigms, particularly in case of archaic and dialectal
words whose inflection might not be aligned with the mod-
ern (standard) grammar, e.g. they can lack some word
forms. Note that Tezaurs includes more than 90,000 di-
alectal and archaic words.

The morphological features of each word form included in
the inflection table (returned by the web service) are only
partially included in the end-user interface. The service
provides the detailed morphological descriptions either in
a form of MULTEXT-East morphosyntactic tags (Erjavec,
2004) or as an ISOcat feature matrix (Windhouwer and
Wright, 2012) which is exemplified in Figure 1. The web
service can be integrated in third-party applications in com-
bination with the features provided by the Tezaurs wordlist
(particularly, the inflectional paradigm).

4 Phonetic Transcription

In most cases, there is a one to one mapping between
graphemes and phonemes in Latvian. Therefore the source
dictionaries typically do not include information about the
pronunciation of headwords, except in rare cases. Such
cases include, for instance, words with contrastive syllable
tones which can change the meaning of orthographically
identical words, e.g. zale: [zdle] (level tone) ‘hall, large
room’ vs. [zéle] (broken tone) ‘grass, herb’. However, two
specific graphemes — ‘e’ pronounced as ‘e’ or ‘@’, and ‘0’
pronounced as ‘uo’ (as in doma ‘thought’), ‘0’ or ‘0:” —re-
quire an informed choice to pronounce the word correctly,

"Misdienu latviesu valodas vardnica. University of Latvia,
Institute of Latvian Language, 2004-2014 [http://tezaurs.
1v/mlvv/]

and the pronunciation may vary across inflectional forms,
even with the same spelling.

Our recent research on Latvian speech processing has re-
sulted in a rule-based system that captures the pronunci-
ation patterns and generates a machine-readable phonetic
transcription for the given isolated word (Auzina et al.,
2014). The system is now accessible as a Tezaurs web ser-
vice®, and it is being integrated in the Tezaurs website and
the data sets (starting with the wordlist). In combination
with a text-to-speech service (Pinnis and Auzina, 2010),
this will make Tezaurs a more useful resource for language
learners.’ The transcription service, however, occasion-
ally makes mistakes in case of the ‘e’ and ‘o’ graphemes.
Again, after processing and integrating the MLV'V data, this
issue will be fixed at least for frequently used words.

In future, the morphological service (Section 3) can be
extended by the transcription service to generate inflec-
tional tables that are enriched with the phonetic transcrip-
tions. Note that for verbs the pronunciation of the stem may
change across inflectional forms.

5 Dictionary Entries

Another primary facet of Tezaurs: it is an extensive ex-
planatory online dictionary. An entry generally represents
a partial morphological information of the headword, usage
restrictions (if any), the sense split, multi-word units and id-
ioms, and source references. Homonyms and homographs
(for more than 4,500 words) are given as separate entries
with different indices.

Entries are internally organized by word senses (around
325,000 senses in total; 1.3 senses per headword). Each
sense is explained by a full definition or a synonymous
cross-reference. Morphological and stylistic restrictions
can be specified also at the sense level. Senses often in-
clude embedded micro-entries of multi-word units along
with their usage restrictions and glosses (around 32,000
in total). Some entries embed also idiomatic micro-entries
(more than 11,000 in total) which are related to the whole
entry. Usage examples are generated on-the-fly from a bal-
anced corpus, where possible, as described in Section 7.
An example entry, as presented for the end-user, is given in
Figure 2.

There is a web service available'” that returns the dictionary
entries in the LMF format, the standard interchange format
for lexical resources (Hayashi et al., 2013).

6 Semantic Relations

Last but not least, Tezaurs is an extensive source for syn-
onyms and other related concepts. Currently, we have
put the focus on the synonymy relations which are auto-
matically extracted from the implicit cross-references in
the glosses which in turn follow traditional lexicographic
guidelines. An issue is that although the sense split is obvi-
ous for the outgoing synonym sets (synsets), the incoming

8http://api.tezaurs.lv/vl/transcriptions/
doma?encoding=ipa

‘http://api.tezaurs.lv/vl/pronunciations/
doma

Ohttp://api.tezaurs.lv/vl/entries/doma/1
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lemma doma',

grammaticalGender feminine",

declension 4,

partOfSpeech noun',

wordForms

{"wordForm doma', case nominativeCase grammaticalNumber singular"},
{"wordForm domas", '"case genitiveCase", grammaticalNumber singular"},
{"wordForm domai', '"case dativeCase', grammaticalNumber singular"},
{"wordForm domu', case accusativeCase grammaticalNumber singular"},
{"wordForm doma", case locativeCase", grammaticalNumber singular"},
{"wordForm doma', case vocativeCase', grammaticalNumber singular"},
{"wordForm domas", '"case nominativeCase grammaticalNumber plural"},
{"wordForm domu', case genitiveCase", grammaticalNumber plural"},
{"wordForm domam", "case dativeCase", grammaticalNumber plural"},
{"wordForm domas", '"case accusativeCase grammaticalNumber plural"},
{"wordForm domas', '"case locativeCase", grammaticalNumber plural"},
{"wordForm domas', '"case vocativeCase", grammaticalNumber plural"}

Figure 1:
paradigm=7 (‘thought’).
Homonimi doma s, s.
doma’
doma?
/1 parasti vsk. Nodoms (ko darft).
Atmest domu — atteikties no kada nodoma.
Senses /1 parasti vsk. Ideja, atzi

2. parasti dsk. DomaSanas process.

legrimt (ari nogrimt) domas — p|In|gl nodoties pardomam.

3. parasti dsk. Uzskats, viedoklis.

A slightly simplified representation of http://api.tezaurs.lv/vl/inflections/doma?

1. Domasanas rezultats (atzina, spriedums, ideja, pienémums).

Sub-senses

na (piemeéram, makslas darba).

Glosses with synonymous
cross-references (links)

Mqlti—word __ Domas dalas — ir dazadi uzskati, viedokli.
units T Atseviskas domas — (a) Domas vai spriedums, kas nesaskan ar vairakuma domam. (b) Tiesas locekla
rakstveida pazinojums tai gadijuma, ja vin$ nepievienojas tiesas lemumam vai spriedumam.

FrAZEOLOGISMI:

Avori: LLVV

+——————— Idioms (collapsed)

Sources

MorroLogia: lietvards, sievieSu dzimte, 4. deklinacija

Vsk. Dsk.
Nom. doma domas
Gen.  domas domu
Dat.  domai
Akuz. domu domas
Lok. doma domas

KORPUSA PIEMERI:

Morphological description

domam . —— andtheinflection table

Corpus examples (collapsed)

Figure 2: A slightly simplified end-user presentation of the entry http://tezaurs.lv/#/sv/doma/1 (‘thought’).

sense is usually not specified in the glosses and, in general,
has to be decided heuristically. In the long term, this will
be a motivation to fix the ambiguous glosses manually.

The extracted synsets will be provided as open data along
with the Tezaurs wordlists. We also intend to provide a
corpus-driven list of semantically related words based on
the word2vec approach (Mikolov et al., 2013). This does
not necessarily reveal synonyms, but is interesting for hu-
man exploration and also as a feature for NLP tools.'!

A demo of the already acquired vectors for Latvian is avail-
able at http://api.tezaurs.lv/vl/embeddings/

7 Corpus Examples

Availability of usage examples helps in understanding the
meaning and customary usage of the words, however, ap-
propriate sample sentences have generally not been avail-
able. Many source dictionaries do not include them, and
for those that do, there are various problems that preclude
directly using this data in Tezaurs - copyright issues, out-
dated usage, unavailability of the primary sources.

We currently provide'? usage examples automatically re-
trieved from a balanced text corpus (Levane-Petrova,

Phttp://api.tezaurs.lv/vl/examples/doma
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2012), which provides adequate examples of contemporary
usage for common words. The major issue that we en-
counter is the handling of homographs: morphological tag-
ging and automatic word sense disambiguation helps, but is
not perfect and needs manual review of such results.
While this provides useful results for common words, the
coverage is limited by the size of corpus and for rare words
usage examples are arguably even more important. This
is an active direction of ongoing work to integrate data
available from large unbalanced corpora of varying quality
and/or web searches.

8 Sources

The primary source that has been used to derive the Teza-
urs entries is the Dictionary of Standard Latvian Language,
LLVV."3 Almost 65,000 entries have been derived from
LLVYV (more than 25% of all Tezaurs entries).

There are about 20 secondary sources, each of them used
in at least 1% of all entries (in total, around 149,000 en-
tries refer to the secondary sources). The rest is a long tail
of about 260 peripheral sources, each of them used in less
than 1% of all entries; about 62,000 entries in total. Among
them, less than 60 sources are used in 0.1-1.0% of all en-
tries (each); about 55,000 entries in total.

9 Conclusion and Future Tasks

Tezaurs has acquired an important role for the human
consumption (incl. professional translators, students, re-
searchers, terminologists). We have also used this data set
internally in the development of NLP tools, e.g. to extend
the coverage of the POS-tagger (Paikens et al., 2013), to
validate the correction of OCR errors (Pretkalnina et al.,
2012), etc. We are anticipating an interest from researchers
and application developers in the Tezaurs open machine-
readable data and web services. The database attracts more
and more interest from third-party application developers,
both open-source and commercial, e.g. to be integrated in
information retrieval systems, spellcheckers, style check-
ers, language games etc.

Future tasks include separate research problems that can be
addressed based on this work. To mention some of them:

* Integration with a verb valency lexicon for Lat-
vian (Nespore et al., 2012). The mapping of particular
word senses to verb valencies needs to be done manu-
ally, which is feasible for the frequently used verbs.

» Providing corpus-based typical collocation informa-
tion for each word.

» Further development of the semantic relations be-
tween word senses towards a WordNet-like semantic
network.

* Integration with Linked Open Data to allow for word-
sense grounding etc.

* Linking corpus usage examples to specific word
senses by using word embeddings or similar tech-
niques.

BLatviesu literaras valodas vardnica. 1.-8. Riga: Zinatne,
1972-1996 [http://tezaurs.lv/11lvv/]
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