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Abstract

The lemon model has become the primary mechanism for the representation of lexical data on the Semantic Web.
The lemon model has been further developed in the context of the W3C OntoLex community group, resulting in
the new OntoLex-Lemon model, recently published as a W3C report. In this paper, we describe the development
and future outlooks for this model as well as briefly review some of its current applications. The recent evolution
of lemon into OntoLex-Lemon, in the context of the community group, has led to improvements on the model
that further extends its application domain from formal applications such as question answering and semantic
parsing to the representation of general machine-readable dictionaries, including WordNet and digitized versions
of existing dictionaries.

We look at two use cases of the OntoLex-Lemon model: in representing dictionaries and in the WordNet Col-
laborative Interlingual Index. Finally, we consider the future of the OntoLex-Lemon model, which we intend to
continue to develop and have recently identified areas that increase the applicability and value of the model to
more users.
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1. Introduction

The use of ontologies has become an increasingly important method for modelling domains
and representing data in a variety of forms, most notably the Semantic Web. However the
existing standards for ontologies, in particular the Web Ontology Language (McGuinness
& van Harmelen, 2004: OWL), provide little support for the representing information
about how a word is expressed in language beyond a simple string. In order to close
this gap, the lemon model (McCrae et al., 2012) was proposed, which created a separate
lexicon that could describe how an ontological concept was lexicalized in more detail.
This builds on the paradigm of the ontology-lexicon interface, as well as existing models
for lexicography including LMF (Francopoulo et al., 2006) and the EAGLES! and ISLES
projects?, where the expression of a concept in natural language and its formal description
in the ontology are kept separated. This has several advantages, most notably in that by
separating the ontological and the lexical layer we can easily switch an ontology from one
language to another by changing its lexicon.

The lemon model was adopted by a number of projects (Ehrmann et al., 2014; Navigli
& Ponzetto, 2012; Sérasset, 2015; Eckle-Kohler et al., 2015) and several authors have
proposed modifications, improvements or changes (Khan et al., 2014; Chavula & Keet,
2014; Bosque-Gil et al., 2016a; Gracia et al., 2014) to the model. In order to accommodate
these changes, it was decided that the model should be further developed under an open
forum and some of the authors of this paper founded the OntoLex Community Group.?

Lhttp://www.ilc.cnr.it/EAGLES /home.html
2 http://www.ilc.cnr.it/EAGLES96 /isle/ISLE_ Home_ Page.htm
3 https://www.w3.org/community /ontolex
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This group was part of the World Wide Web Consortium’s Business and Community
group program, a new initiative to support the development of emerging standards on the
Web. The results of this group’s work was the publishing of an updated version of the
model in May 2016, namely the OntoLex-Lemon model.

The new OntoLex-Lemon model has already been applied in a number of cases. In this
paper we will examine some of these use cases, in particular looking at the expanded
use case of the model for representing existing dictionaries and the conversion of several
existing commercial and free dictionaries. Secondly, we will consider the use of the On-
toLex model in the recently proposed Global WordNet Interlingual Index (Vossen et al.,
2016; Bond et al., 2016), whereby the model is used as a foundation for creating a truly
interlingual concept index.

Finally, in this paper we will also provide an outlook of the next steps we aim to achieve
for the model, in particular in terms of the new modules that we aim to create in order
to address concerns raised in the community. Thus, we briefly sketch four modules on
morphology, lexicography, etymology (and diachronicity) and lexical categories.

2. The OntoLex Community Group

The OntoLex Community Group was founded in December 2011 to support the develop-
ment of a model for the representation of lexical information relative to ontologies. The
group provided a number of tools for collaboration on this task including a wiki and a
public mailing list for discussion of topics. Moreover, the group chaired by the authors of
this paper organized public telephone conference calls, of which over 70 have taken place
between 2012 and 2016. The group developed the model firstly by collecting relevant use
cases,? and then distilling this into a set of essential requirements® for the model. Then,
the development of the model took place in two stages: firstly the core model was defined,
which incorporates the basic elements that it was assumed that all applications of the
model would use and then in the second stage, four extra modules were defined: Syntax
and Semantics, Decomposition, Variation and Translation, and Metadata (Lime). Finally,
these models were combined and documented in a final report that was published by the
W3C (Cimiano et al., 2016) along with technical model files in OWL.

One significant difference in the creation of this standard, in contrast to the processes of
other standard organizations, was the degree of openness in the development of this model.
The community group has over 100 members from a very diverse number of institutes and
this is due to the fact that admission to the group was dependent only on assenting to
a short agreement that any contributions would be open. Moreover, many issues of the
model were decided by open conversation or votes and all of these contributions are
available publicly in the form of wiki contributions and mailing list posts, all of which are
archived on the Web and accessible to anyone.®

3. The OntoLex-Lemon Model

Here we provide a brief summary of the OntoLex-Lemon model, for a more complete
description please see Cimiano et al. (2016). The OntoLex-Lemon model is based around

4 https:/ /www.w3.org/community /ontolex /wiki/Specification_of Use_Cases
5 https://www.w3.org/community/ontolex/wiki/Specification of Requirements
6 https://lists.w3.org/Archives/Public/public-ontolex/
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Figure 1: The Core OntoLex-Lemon Model

the core module, as depicted in Figure 1. The primary element of this is the lexical entry
which represents a single word and thus collects together all morphological expressions
of that word, which correspond to forms in the model, and all possible concepts in the
ontology it can refer to, which correspond to lezical senses in the model. It is important
to note that the actual meaning of a word is given by reference to an ontological concept
and lexical senses represent only the mapping from a word to a concept. In contrast
to the previous lemon model, a third semantic element called the lexical concept was
introduced that allows for a meaning to be defined independently of an ontology. For
example, the verb ‘to die’ may refer to different ontological properties such as deathDate
and deathPlace while still referring to a single concept of Dying. The model also supports
some other features including marking the canonical form (lemma), whether an expression
is a multiword expression and giving a usage condition describing when a particular word
expresses a given concept (for example the register), which is annotated on the lexical
sense showing its role in giving a mapping between concepts.

In addition to the core, there are four modules defined by the specification:

Syntax and Semantics The syntax and semantics module describes how particular lex-
ical constructs, e.g., verb frames, can be mapped to constructs in the ontology. As a
simple example, this concerns how a transitive verb frame such as ‘X knows Y’ can
be mapped to the subject and object arguments of a property such as A foaf :knows
B. In this case there are only two options based on whether the grammatical sub-
ject (X) refers to the property’s subject (A) or object (B), however more complex
multi-argument structures are also covered.

Decomposition The decomposition module allows for multiword lexical entries to be
decomposed into individual words, which are also represented as components. Com-
ponents are allowed to be marked with their own grammatical properties and are said
to correspond to either a lexical entry (i.e., for the word), an argument in a frame or
another frame (to model phrasal arguments).
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Variation and Translation The variation and translation model represents relation-
ships between words at three levels: (purely) lexical, sense (lexico-semantic) and
conceptual. These correspond to the levels of the model, with lexical relations being
between lexical entries and as such not considering the meaning of a word and only its
syntactic properties. Similarly, a conceptual relationship occurs between concepts and
does not consider the lexical form and hence language of a relation. Sense relations
require knowledge of both the word form and the meaning and translation is thus con-
sidered a special case of a sense relation. The module also allows technical modelling
of a relation either as a single triple or as a dereferenceable entity in itself, which
allows for further annotation of metadata about the link. This module integrates pre-
viously proposed extensions to lemon such as the translation module (Gracia et al.,
2014).

Metadata (Lime) The Linguistic Metadata (Lime) module (Fiorelli et al., 2013) adds
modelling for grouping sets of lexical entries together into a lexicon and providing
simple metadata such as the number of entries, senses, etc. Note that it is intended
for linked data to be published together on the Web, the necessity to have all words
grouped into a lexicon is no longer core, but remains a useful feature.

4. Use cases

4.1 Representing dictionaries with OntoLex

In the past few years, the linguistic linked data community has showed a growing interest
in the publication of dictionaries as linked data. The benefits of representing lexicographic
content as linked data (LD) are twofold: on the one hand, LD resources are easily reused,
gain in visibility and accessibility at a Web scale, their content can be seamlessly aggre-
gated with content from external lexical resources (not necessarily dictionaries), as well as
integrated and exploited by LD-aware Natural Language Processing (NLP) tools (Klimek
& Briimmer, 2015; Gracia et al., 2016). On the other hand, LD offers several advantages
to the modeling of the macro and micro-structure of a dictionary (Bosque-Gil et al.,
2016a): moving beyond traditional cross-references, dictionary entries and each of their
components are uniquely identified at a Web scale and become internally reusable thanks
to URIs; hierarchical ordering of information is replaced by graph structures, where each
node becomes a potential entry point to traverse the whole graph, and any relation be-
tween two elements is typed and defined in a vocabulary over which previous consensus
was reached. The dictionary allows thus for an interpretation as a vast interoperable typed
network of lexical elements, as opposed to the more traditional list-inspired view of it.

Initiatives such as the European Network for e-Lexicography (ENeL),” Linked data lexi-
cography for high-end language technology application (LD4HELTA)® or the Linked Open
Dictionaries (LiOD1i) project? foster the conversion of dictionaries to linked data as part of
the adoption of the new technological advances in the Semantic Web by digital humanities.

As lemon and OntoLex gradually become widespread models for the conversion of lexi-
cal resources to linked data, dictionaries represented with them can be easily integrated
with other resources previously converted to RDF without any remodelling efforts. This

7 http:/ /www.elexicography.eu/

8 http:/ /www.eurekanetwork.org /project /id /9898
9 http://acoli.cs.uni-frankfurt.de/liodi/home.html
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means, in turn, that in many cases dictionaries go from a proprietary data model to
one widely accepted by the community. In fact, dictionary conversion to linked data was
already receiving much attention prior to OntoLex, and several contributions put for-
ward LD-versions of dictionaries based on lemon. Examples of these are the family of
bilingual dictionaries Apertium RDF (Gracia et al., 2016), the Germ monolingual dictio-
nary in K Dictionary’s Series (Klimek & Briimmer, 2015), sentiment lexica (Vulcu et al.,
2014), the Parole-Simple lexica (Villegas & Bel, 2015), the Pattern Dictionary of English
Verbs (El Maarouf et al., 2014), the classical Al-Qamus dictionary (Khalfi et al., 2016)
and DBpedia lexicalizations such as DBlexipedia (Walter et al., 2015), just to mention a
few. Some of these efforts, e.g. Dbnary (Sérasset, 2015), called for the definition of new
properties that at that time were not covered by lemon (e.g. dbnary:isTranslationOf)
and that nowadays have a counterpart in OntoLex or by extension vocabularies such
as LexInfo (Cimiano et al., 2011). Recently, the interest is being directed towards the
transformation of dictionaries which contain a variety of rich annotations and which are
developed both for NLP purposes and human users. These include multilingual (Bosque-
Gil et al., 2016b), dialectal (Declerck & Morth, 2016), etymological (Abromeit et al.,
2016), and ancient Greek (Khan et al., 2016) dictionaries, among others (Declerck et al.,
2015). The work on these resources and the dictionaries mentioned above has lead to the
proposal of extensions and modifications to OntoLex to account for specific information
ranging from etymological annotations, translations of examples, groups of inflections and
temporal information to the sense-subsense hierarchy in a dictionary entry.

4.2 The Collaborative Interlingual Index

Princeton WordNet (PWN, Fellbaum (2010)) is the most widely used lexicographic re-
source for natural language processing, but yet is only available for English. There have
been many versions of wordnets for other languages and these have been collected to-
gether in the Open Multilingual WordNet (Bond & Foster, 2013); however they have
primarily been created by the extend approach, where existing synsets from PWN have
been translated and then new synsets are added for words which do not exist in English.
Unfortunately, this has led to a degree of fragmentation, where certain concepts may be
independently defined by different wordnets. In order to address this issue, it has been
proposed that all wordnets contribute to a single index of concepts (Pease et al., 2008).
This has recently been realized by the Collaborative Interlingual Index (CILI; Bond et al.,
2016), in which all wordnets are converted to a common format and linking is made be-
tween the synsets. In order to do this, it is assumed that each concept must have both an
English definition and a link to a synset already defined in the CILI.

In order to implement this, it has been necessary to define a common format for the
definition of wordnets.!’ This format allows for three forms: XML, JSON and RDF, all
of which can be converted without any loss of information. The XML format is based
on the existing Lexical Markup Framework (Francopoulo et al., 2006) and in particular
on the WordNet-LMF variant (Soria et al., 2009). Both the JSON and RDF formats
are based on the OntoLex model described in this paper, and the RDF version of this
format is considered a limited profile of the OntoLex model, suited particularly for the
case of representing wordnets. The JSON version more precisely defines its semantics
by means of a JSON-LD context (Sporny et al., 2014). An example of this is given in

10 https://globalwordnet.github.io/schemas
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{
"Q@context": "http://globalwordnet.github.io/schemas/wn-json-context-1.0.json",
"Q@graph": [{
"Qcontext": { "@language": "en" I},
"@id": "example-en",
"@type": "ontolex:Lexicon",
"label": "Example wordnet (English)",
"language": "en",
"email": "john@mccr.ae",
"rights": "https://creativecommons.org/publicdomain/zero/1.0/",
"version": "1.0",
"entry": [{
"@id": "wi",
"lemma": { "writtenForm": "grandfather" 1},
"part0fSpeech": "noun",
"sense": [{
"@id": "example-en-10161911-n-1",
"synset": "example-en-10161911-n"

3]
3,
"synset": [{
"@id": "example-en-10161911-n",
"ili": "i90287",
"part0fSpeech": "noun",
"definition": [{
"gloss": "the father of your father or mother"
.
"relations": [{
"relType": "hypernym",
"target": "example-en-10162692-n"
3]
3]

3]

Figure2: An example WordNet in the Global WordNet JSON-LD format
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Figure 2, in which the term “grandfather” is defined. In this example, a number of required
standard metadata properties are defined using widely-used vocabularies, namely Dublin
Core (Weibel et al., 1998) and Schema.org.!’ Then the file contains two sections entry
and synset, which define the lexical entries and lexical concepts in this lexicon. They
both have a part-of-speech property, with specific values defined in a custom WordNet
ontology.'? The senses of the model correspond to the lezical senses of the OntoLex model.
For synset and sense relations the variation modules are used that enable relationships
between senses to be further described with metadata.

The use of linked data to represent the interlingual index has a number of advantages,
most specifically that each ILI identifier is associated with a unique URL, where further
information about the term can be found. For example, information about the resource
11234 can be obtained at http://ili.globalwornet.org/ili/i1234, including the definition
of the concept in English as well as links to the PWN and other wordnets which have
contributed their links to the ILI. The URL thus allows for a stable identifier that can
be referred to unambiguously as opposed to the current method of referring to offsets in
release files.

5. Extensions and Future Plans

The OntoLex Community Group released its “final report” on 10** May 2016, however
the work of the group has not yet stopped and the group has an ambition to develop
more modules in response to critical analysis and novel uses case (such as Chavula &
Keet (2014)). In particular, the group has recently aimed to develop four new modules in
order to further extend the applicability of the model:

Morphology The first lemon proposal contained a module for “inflectional and agglu-
tinative morphology”, which primarily defined morphological processes by means of
regular expressions. This methodology was very simple to implement in any pro-
gramming language that support Perl-like regular expressions, however does not very
accurately represent the phonological process that occur in word morphology. As
such, under this model certain regular cases like the plural of ‘leaf’ to ‘leaves’ would
be modelled as distinct morphological paradigms even though it is generally consid-
ered part of the normal paradigm of pluralization in English. Thus the original model
was not included in the OntoLex model and has been made available as a standalone
ontology called LIAM (Lemon Inflectional Agglutinative Morphology).!® There have
since been a number of new proposals for morphology and in particular the group
is discussing the adoption of the MMoOn Ontology of (Klimek et al., 2016; Klimek,
2017), which enables the documentation of the morphological data of any inflectional
language in RDF.

Lexicography Previous experience in the representation of dictionaries using OntoLex-
Lemon, as those described in Section 4.1, have led to a number of issues!* (Bosque-Gil
et al., 2017). In particular, these issues include associating senses with forms and syn-
tactic information such as grammatical gender, adding examples, geographic infor-
mation and ordering senses in terms of importance, along with other aspects of dictio-
nary information that are not always explicitly covered in the core OntoLex-Lemon

11 https: / /webmasters.googleblog.com /2011/06 /introducing-schemaorg-search-engines.html
12 'http:/ /globalwordnet.github.io/schemas/wn

13 http://lemon-model.net /liam

1 For more details see: https://www.w3.org/community/ontolex/wiki/Lexicography
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model. As such, the OntoLex community has perceived the necessity of adding extra
modelling to cover such issues. To this end, a new OntoLex Lexicography module will
be built targeted at the representation of dictionaries and which will address struc-
tures and annotations commonly found in lexicography. Such a module is intended to
be compatible with other modules in OntoLex (e.g., Etymology and Diachronicity)
and should constitute a viable mechanism for lexicographers in the development of
dictionaries as linked data.

Etymology and Diachronicity Some authors (Khan et al., 2014; Abromeit et al., 2016;
Khan et al., 2017) have proposed using the OntoLex model to represent dictionaries
of historical languages, and moreover many dictionaries contain some etymological
information. As such, the ability of a dictionary to represent the change of lexical
items over time is important. Thus, it has been recognized that the development of
a module to capture the meaning of words over time is a key use case of the model.

Lexico-syntactic categories The OntolLex model follows a principle of avoiding pre-
scriptive modelling, for example allowing individual applications to define their own
categories. This is helpful as in the example of part-of-speech values in wordnets
discussed above, where this approach allows the resource to define categories that
may not be accepted by other lexicographers.'® However, the definition of standard
categories greatly helps interoperability between resources and the LexInfo ontol-
ogy (Cimiano et al., 2011) has been used by a number of authors for this pur-
pose (Buitelaar et al., 2013; Villegas & Bel, 2015; Sérasset, 2015). This resource,
originally derived from the ISOcat (Kemps-Snijders et al., 2008) categories, is cur-
rently maintained as a single OWL file. As such, the group aims to re-evaluate this
model and establish a procedure for adding new categories to a single ontology. This
will still only be a suggestion for data categories and we expect particular communi-
ties to define their own ontologies.

6. Conclusion

The OntoLex model has been developed under an open process and as such represents
one of the most significant open models for the representation of electronic lexicographic
resources. While the model as proposed retains aspects of the proposal of (McCrae et al.,
2012), it has also been significantly innovated in order to allow new use cases. In particular,
the application of the model beyond the Semantic Web community has required new
modelling, in particular the introduction of lexical concepts and dereferenceable relations.
These developments have seen the model adapted to a wider community and as such
have consequently lead to requests for new features. The group remains committed to
developing the model and new use cases in morphology and diachronic lexicography will
further show the flexibility of this linked data based model.
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