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Open linguistic data is a good recently established trend allowing both re-
searchers and developers in the field of natural language processing to cre-
ate their own applications using high-quality dictionaries, thesauri, corpora,
etc. At the same time, the published open data are stored in different for-
mats making them difficult to be used in an efficient way without falling within
vendor lock-in. This paper is devoted to the problem of representing popular
lexical resources of the Russian language in the form of Linked Open Data.
It summarizes the recent work in the field of thesauri representation formats
and approaches to converting such formats to those of Linked Data. It also
proposes an approach to converting popular Russian thesauri to the vocab-
ularies that are the essential parts of the Linguistic Linked Open Data Cloud.
The proposed approach has been implemented in open source software
and the resulted dataset has been made publicly available on NLPub in the
Turtle format under the terms of a Creative Commons license.
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1. Introduction

Open linguistic data is a good recently established trend allowing both research-
ers and developers in the field of natural language processing to create their own
applications using high-quality dictionaries, thesauri, corpora, etc. At that, the pub-
lished open data are stored in different formats making them difficult to be used
in an efficient way without falling within vendor lock-in. Hence, both the Semantic
Web and natural language processing for Russian fields could benefit from represent-
ing the popular Russian thesauri in the form of Linked Data allowing applications
to use the Semantic Web technologies including the powerful reasoning tools.

The work, as described in this paper, makes the following contributions:
1) it summarizes the recent work in the fields of thesauri formats, thesauri conversion
approaches, and the thesauri for Russian, 2) it proposes and implements an approach
to convert popular Russian thesauri to the form Linked Data, and 3) presents the re-
sults under a Creative Commons license. The rest of this paper is organized as follows.
Section 2 is devoted to the survey on the related work. Section 3 proposes an approach
to converting the thesauri to the Linked Data representation. Section 4 describes the
implementation, presents and evaluates the resulted dataset. Section 5 concludes
with final remarks and directions for the future work.

2. Related Work

The following three directions of the related work are considered: 1) thesauri
representation formats, 2) approaches for converting thesauri into Linked Data, and
3) publicly available electronic thesauri for Russian.

2.1. Representation Formats

Princeton WordNet, the most recognized and influential electronic lexical on-
tology, has been represented in the form of semi-structured text files [3]. This format
is widely used and the majority of WordNet’s derivatives!' utilize it to keep compatibility
with the original database. In spite of the WordNet’s popularity, there are many soft-
ware libraries for various programming languages allowing one both to read and write
the linguistic data in this format. However, dealing with such a format has a significant
drawback: embedding it into an application requires either conversion into the form
of relational database or utilizing special software to integrate the present data schema
with WordNet’s. This makes the resulting data model less uniform and requiring ad-
ditional maintenance. There also exist many linguistic resources operating with their
in-house developed custom data formats, hence their formats will be denoted as custom.

XML, eXtensible Markup Language, is designed to be both human-readable
and machine-readable [12]. It is used by many production-grade software in order

1 http://globalwordnet.org/
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to describe data in almost every existing domain including lexical resources. The
main advantages of XML are its wide support, representation uniformity, and the abil-
ity to be validated against a predefined schema. However, processing of large XML
documents containing hundreds megabytes of data is computationally hard as it re-
quires either construction of an expensive document object model (DOM) to be stored
entirely in a computer memory, or through the use of stream-oriented SAX parsers,
which are much less convenient in development.

Resource Description Framework (RDF) is proposed to be a uniform represen-
tation of any subject-predicate-object entity for the Semantic Web [13]. The RDF
is just an abstract syntax that should be encapsulated by serialization formats, e. g.
RDF/XML, Turtle, N3, etc. It should be noted that the Simple Knowledge Organization
System (SKOS) is an RDF extension designed especially for vocabularies and thesauri
[11]. The syntax of RDF triplets is simple to be understood by human, but it is difficult
for an end user to support all the available representation formats. RDE/XML is the
most popular hence it has the same drawbacks as XML.

The recently published ISO 25964 standard is designed to formalize fitting con-
cepts, terms and relationships together to make a thesaurus [7]. It is focused on the
knowledge engineering aspect of thesauri and does not propose a representation for-
mat leaving such a task to the user. Another standard, ISO 24613:2008 describes LMF,
a lexical markup framework, which is aimed at providing an XML-based representa-
tion for vocabularies without dealing with word senses and their relations [4].

2.2. Linked Data Conversion

The problem of converting a thesaurus into the Linked Data has been approached
for several times since the appropriate data schemas have been issued.

van Assem et al. in 2006 proposed a method to convert a thesaurus to the SKOS
format and assessed the applicability of such a representation [10]. The proposed
method has three steps: 1) analyzing thesaurus, 2) mapping data items into SKOS,
and 3) creating a conversion program. This method has been evaluated on three the-
sauri (IPSV, GTAA and MeSH) and it has been confirmed that SKOS is suitable for
thesauri resembling to the ISO 25964 standard.

McCrae et al. in 2011 presented a model called lemon (Lexical Model for Ontolo-
gies) that supports sharing terminological and lexicon resources on the Semantic Web
[6]. The lemon model is an RDF-native form making it possible to expose a thesaurus
to the Linked Data in the similar way as LMF does, and also represents word senses
and their relations.

In 2012, Navigli & Ponzetto released BabelNet, which is a very large multilingual
semantic network constructed automatically on the basis of WordNet, Wikipedia and
other databases [8]. BabelNet integrates seamlessly into the Semantic Web? through
the alignment to underlying data sources, and exposes itself in the form of RDF em-
ploying such vocabularies as SKOS and lemon.

2 http://babelnet.org/rdf/
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2.3. Thesauri for Russian

There are three notable electronic thesauri for Russian that are publicly avail-
able under open licenses: 1) RuThes-lite, 2) the Russian Wiktionary, 3) the Universal
Dictionary of Concepts, and 4) Yet Another RussNet (the more detailed survey is pre-
sented on [5, 9]).

RuThes-lite® is a subset of the RuThes lexical ontology having been developed
since 1994 for addressing the information retrieval tasks in various applications for
the Russian language [5]. The format of the original RuThes is unknown, neverthe-
less RuThes-lite is available under the terms of the CC BY-NC-SA license in the form
of quasi-structured HTML pages on the Internet representing approximately 26,000
concepts and 100,000 relations between them.

The Universal Networking Language* is a project led by the United Nations dedi-
cated to the development of a computer language that replicates the functions of natu-
ral languages. The Russian version of its semantic network—the Universal Dictionary
of Concepts—is contributed by the researchers from IITP RAS [2]. UNLDC is distrib-
uted under the CC BY-SA license containing approximately 62,000 of the universal
words (UWs) and 90,000 links between them.

The Russian Wiktionary® is the eighth largest Wiktionary composed of more
than 520,000 articles—one article represents a lexical entry—written by more than
120,000 users (only 164 users are active participants) since 2004. The native format
of the Wiktionary pages is a quasi-structured wiki syntax, which is quite hard to parse.
However, there exists the Wikokit® project that parses the Russian and English Wik-
tionaries and renders them in the machine-readable form of a relational database
available under the terms of the CC BY-SA license.

Yet Another RussNet” is an open project established in 2013 and aimed at creation
of a large electronic thesaurus for Russian through the use of crowdsourcing [1]. At the
moment, this resource contains 111,895 words and approximately 18,000 synsets. Ini-
tially, the project deliverables had been available in the XML format with the correspon-
dent XSD although recently the synsets have been made available in the CSV and RDF
formats, which are more convenient to parse and to use. All the content is published
under the CC BY-SA license. Yet Another RussNet includes the lexicon and synsets of the
Russian Wiktionary among several others resources licensed under the same license.

It should be noted that all these resources utilize their own custom data represen-
tation formats embarrassing their evaluation and forcing end users into vendor lock-
in. Since that the Yet Another RussNet project includes the lexicon and synsets of the
Russian Wiktionary, only three resources will be considered in this study: RuThes-lite,
UNLDC, Yet Another RussNet.

3 http://www.labinform.ru/pub/ruthes/index.htm
4 http://www.undl.org/

5 https://ru.wiktionary.org/

6 https://code.google.com/p/wikokit/

7 http://russianword.net/



Russian Thesauri as Linked Open Data

3. Representing the Thesauri

In order to represent the above-mentioned resources in the form of Linked Data,
it is necessary to make the following assumptions. Firstly, the primary applications
of the present work are natural language processing and information retrieval, thus
the resulted resource may not cover the complete set of natural language entities and
relations. Secondly, the resulted dataset should not reinvent the Linked Data vocabu-
laries, but should use the popular ones as soon as possible. Finally, both humans and
machines should easily understand the resulted data format.

Each thesaurus has been analyzed to find out how the data items can be mapped
to the Linked Data vocabularies, and each thesaurus will be presented in a separate
ontology. Since the RuThes-lite thesaurus is widely applied in various practical tasks,
the types of its concept relations have been considered as the only concept relation
types with one exception: the antonymy relation, which is widely used in UNLDC.

The choice of the Linked Data vocabularies is mostly inspired by that of Babel-
Net, hence the following vocabularies have been used: Simple Knowledge Organiza-
tion System (SKOS) to represent concepts, Lexicon Model for Ontologies (lemon?®)
to represent lexical senses, lexical entries, definitions and usage examples, LexInfo’
to represent the morpho-syntactic labels. RDFS, OWL and Dublin Core have expressed
the ontology description. The Turtle format has been chosen to store the processing
output because of its readability and popularity.

Table 1 demonstrates the result of thesaurus entities’ mapping. The most chal-
lenging part of the mapping process was the selection of the appropriate concept re-
lation representation. For instance, SKOS provides the special terms for expressing
hypernymy and hyponymy, but does not provide such terms for holonymy and mero-
nymy—although LexInfo does.

Table 1. Entities, relations, vocabularies

Entity/Relation Vocabulary Term

Concept skos:Concept

Lexical Sense lemon:LexicalSense
Definition (Gloss) lemon:SenseDefinition
Usage Example lemon:UsageExample
Lexical Entry lemon:LexicalEntry
Lemma lemon:Form

Class-Subclass (is-a) skos:{broader,narrower}
Part-Whole (part-of) lexinfo:{holonymTerm,meronymTerm}
Asymmetric Association lemon:subsense
Symmetric Association skos:related

Antonomy lexinfo:antonym
Sense-Concept Mapping lemon:{sense,isSenseOf}

8 http://www.lemon-model.net/

®  http://lexinfo.net/
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Entity/Relation Vocabulary Term

Sense-Lexeme Mapping Iemon:{reference,isReferenceOf}
Sense-Definition Mapping lemon:definition

Sense-Example Mapping lemon:example

Lemma Indication lemon:canonicalForm
Part-of-Speech lexinfo:partOfSpeech

skos:Concept @g— - — — _ _ _

’ RN

~
\ ~
( i Of ,lemon:reference ™  lemon.isReferenceOf \/[emon:re[erence
~
N 7
lemon:LexicalSense

lemon definition I 1003

Lemon:canonical Form

skos:Concept

Lemon:canonicalForm

Y

lemon:UsageExample lemon:LexicalEntry lemon:Form lemon:Form

lemon:canonicalForm

lemon:Form

Fig. 1. Elements of the uniform ontology: concepts, lexical entries
and their senses, definitions, usage examples, and lemmas

An example of the resulted ontology is depicted at Fig. 1. The present example
shows two defined concepts: one has two lexical senses and is denoted as a hypernym
to the other (red colored) concept having only one sense. Each sense is provided with
the corresponding lexical entries. Each lexical entry hopefully has a canonical form
(lemma). The picture also illustrates that the sense definitions and the usage exam-
ples are connected to the lexical senses instead of the concepts.

3.1. RuThes-lite

RuThes-lite comes in the form of four schema-less XML files representing lexi-
cal entries, concepts, their relations, and mappings between the concepts and lex-
emes. Despite RuThes-lite containing some valuable morpho-syntactic information,
it is written in barely parsable form, and such information has been—unfortunately—
omitted, i.e. the fields like synt type and pos_string. Table 2 summarizes the
mapping process.
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Table 2. Mapping RuThes-lite to the Linked Data vocabularies

Data Item Feature/Function Property/Class
//entry[@id] Lexical Entry lemon:LexicalEntry
Lemma lemon:Form
Lemma Indication lemon:canonicalForm
//concept Concept skos:Concept

//entry_rel Lexical Sense

Sense-Concept Mapping
Sense-Lexeme Mapping

lemon:LexicalSense
lemon:{sense,isSenseOf}
lemon:{reference,isReferenceOf}

//rel[@name="BHIIE"]
//rel[@name="HUXE"]

Class-Subclass (is-a)

skos:broader

skos:narrower

//rel[@name="UACTbL"]
//rel[@name="11EJIOE"]

Part-Whole (part-of)

lexinfo:holonymTerm

lexinfo:meronymTerm

//rel[@name="ACII1"] |Asymmetric lemon:subsense
//rel[@name="nc112"] |Association lemon:subsense
//rel[@name="AC1"] Symmetric Association | skos:related

3.2. The Universal Dictionary of Concepts

UNLDC is published™ in the form of CSV files representing universal words
(UWs) and links between them. Since the UNLDC universal words are unambiguous
by design, they have been mapped into lexical senses as described in Table 3. The
main problem of the UNLDC mapping is the necessity to parse the domain-specific
relations stored within such UWs as tongue(icl>concrete_thing,pof>body), therefore
such descriptors were omitted and the resulted dataset has no relations. The synsets!!
derived from the UWs have been mapped to concepts.

Table 3. Mapping UNLDC to the Linked Data vocabularies

Data Item Feature/Function

Property/Class

Lemma Lexical Entry
Lemma

Lemma Indication

lemon:LexicalEntry
lemon:Form
lemon:canonicalForm

Part-of-Speech | Part-of-Speech

lexinfo:partOfSpeech

Universal Word | Concept
Lexical Sense
Sense-Concept Mapping

Sense-Lexeme Mapping

skos:Concept
lemon:LexicalSense
lemon:{sense,isSense0f}
lemon:{reference,isReferenceOf}

Relation ic1l
Relation iof

Class-Subclass (is-a)

skos:{broader,narrower}

Relation pof Part-Whole (part-of)

lexinfo:{holonymTerm,meronymTerm}

Relation equ Symmetric Association

skos:related

Relation ant Antonomy

lexinfo:antonym

10 https://github.com/dikonov/Universal-Dictionary-of-Concepts/tree/master/data/csv

11

https://github.com/dikonov/Universal-Dictionary-of-Concepts/tree/master/data/misc
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3.3. Yet Another RussNet

The Yet Another RussNet software is implemented in the Ruby on Rails frame-
work with active use of the ActiveRecord object-relational mapping [9]. Table 4 shows
that its data models!? have been mapped to those of Linked Data.

Table 4. Mapping Yet Another RussNet to the Linked Data vocabularies

Data Item Feature/Function Property/Class

Word Lexical Entry lemon:LexicalEntry
Lemma lemon:Form
Lemma Indication Jemon:canonicalForm
Part-of-Speech lexinfo:partOfSpeech

Synset Concept skos:Concept

SynsetWord | Lexical Sense lemon:LexicalSense
Sense-Concept Mapping lemon:{sense,isSenseOf}
Sense-Lexeme Mapping lemon:{reference,isReferenceOf}
Sense-Definition Mapping lemon:definition
Sense-Example Mapping lemon:example

Definition Definition (Gloss) lemon:SenseDefinition

Example Usage Example lemon:UsageExample

4. Results

The conversion and the supplementary programs have been implemented in the
Ruby programming language. The resulted software is available on GitHub under the
MIT license: https://github.com/nlpub/rtlod. During the implementation, it has be-
come necessary to port the lemon and LexInfo vocabularies to the syntax of the used
RDF.rb library, which resulted in releasing of the rdf-lemon'® library for Ruby.

The resulted dataset consisting of the converted RuThes-lite, UNLDC and Yet An-
other RussNet thesauri in the Turtle format is available on NLPub: http://nlpub.ru/
RTLOD. Thorough evaluation of such a resource is a very interesting topic that is com-
plicated enough to conduct a specialized study. Nevertheless, in order to compare the
resulted ontologies quantitatively, brief statistics of them have been calculated and
demonstrated in the Table 5. The lexical intersection between the converted thesauri
has also been assessed (Table 6).

It seems that Yet Another RussNet that is created through crowdsourcing has the
widest lexical coverage although the number of its concepts is relatively low. It is also
the only resource provided with the word usage examples due to its crowdsourc-
ing schema requiring users to consider such examples [1]. High number of lexical
senses is caused by the presence of many duplicated synsets generated by users. De-
spite this resource having no established concept relations, it still may be still useful

12 http://nlpub.ru/YARN/API
13 https://github.com/nlpub/ruby-rdf-lemon
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as a synonyms’ dictionary in some applications. Both RuThes-lite and UNLDC are
mature resources with developed concept relations [5], but UNLDC is a dictionary
of a controlled language [2], hence its number of concepts is significantly smaller,
although these concepts are tightly connected to each other.

Table 5. Resulted datasets

# of | RuThes-lite UNLDC Yet Another RussNet
Lexical Entries 96,700 56,313 111,895
Part-of-Speech Tags n/a 56,313 111,821
Concepts 26,354 8,896 17,492
Relations 98,976 n/a 0
Lexical Senses 115,106 20,366 69,981
Definitions 10,701 8,896 7,641
Usage Examples 0 0 2,991

Table 6. Lexical intersection

# of common lexical entries

RuThes-lite UNLDC 18,596
UNLDC Yet Another RussNet 26,088
Yet Another RussNet RuThes-lite 37,920

5. Conclusion

The author believes that the present work—especially the published dataset and
software—could facilitate the development of the modern linguistic resources for
Russian among their integration into the Linguistic Linked Open Data Cloud'. Given
the openly published resources, a user can choose between them in order to pick the
best option for the particular application. Moreover, it contributes a lot into simplify-
ing conducting thorough studies of these resources by such benchmarks as word sense
disambiguation competitions. The present mapping approach is general and could
be freely used for adopting more thesauri of the Russian language.

There are several reasons for future work. Firstly, it may be useful to assess the
lexical coverage of the given resources with these representations. Secondly, since
these datasets are Linked Data, it may be interesting to estimate alignments between
concepts of them. Finally, end users may consume the deliverables of this work and
link their own data to these.

14 http://linghub.lider-project.eu/llod-cloud
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