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Abstract
This paper describes the Linked Open Data (LOD) model for the diachronic semantic lexicon DiaMaNT, currently under development at
the Instituut voor de Nederlandse Taal (INT; Dutch Language Institute). The lexicon is part of a digital historical language infrastructure
for Dutch at INT. This infrastructure, for which the core data is formed by the four major historical dictionaries of Dutch covering Dutch
language from ca. 500 - ca 1976, currently consists of three modules: a dictionary portal, giving access to the historical dictionaries,
a computational lexicon GiGaNT, providing information on words, their inflectional and spelling variation, and DiaMaNT, aimed at
providing information on diachronic lexical variation (both semasiological and onomasiological). The DiaMaNT lexicon is built by
adding a semantic layer to the word form lexicon GiGaNT, using the semantic information in the historical dictionaries. Ontolex-Lemon
is a good point of departure for the LOD model, but we need extensions to be able to deal with the historical dictionary content

incorporated in our lexicon.
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1. Background

Even though Dutch lexicography' can be dated back to the
13th century with the glossarium Bernense, a Latin-Middle
Dutch word list, we had to wait until the 19th century for
a more systematic and academic description of Dutch lan-
guage. Two important dictionary projects were initiated by
Matthias de Vries: a scholarly dictionary of Middle Dutch
language, the Middelnederlandsch Woordenboek (MNW)
(Dictionary of Middle Dutch) and the Woordenboek der
Nederlandsche Taal (WNT) (Dictionary of the Dutch Lan-
guage).

The MNW was compiled by E. Verwijs and J. Verdam and
published between 1885 and 1929; a list of sources and a
volume on dike building, water management and related
terms by A. Beekman were added between 1927 and 1952.
De Vries himself worked as editor-in-chief on the WNT,
for which he made the design in 1852, until his demise in
1892. The first fascicle of the dictionary was published in
1864. The dictionary was finished in 1998, followed by
three supplemental volumes in 2001.

Both dictionaries cover Dutch language from ca. 1250 until
1976. They were based on a corpus of quotations, written
on slips of paper, and published in print. In 1995, the WNT
was also released on CD-ROM, with a final release of the
complete dictionary in 2003. The MNW was published on
CD-ROM in 1998, accompanied by a collection of histori-
cal texts.

The former Instituut voor Nederlandse Lexicologie (Insti-
tute for Dutch Lexicology), founded in 1967 to host the
WNT, decided to complete the description of historical
Dutch by means of two separate projects, the Vroegmid-
delnederlands Woordenboek (Early Middle Dutch Dictio-
nary; 1988-1999), covering Dutch language from 1200-
1300 and the Oudnederlands Woordenboek (Dictionary of
Old Dutch, 1999-2009), covering the oldest Dutch lan-
guage period from 500-1200. Both dictionaries were born

! For an elaborate description of the history of Dutch lexicog-
raphy, see Mooijaart 2013.

digital, based on a closed corpus, in digital format. Hav-
ing four scholarly dictionaries of Dutch in digital format
opened up opportunities for further exploitation of the con-
tents of these dictionaries.

1.1. Online Dictionary Portal (gtb.inl.nl)

The first step was to publish the dictionaries online in a
dictionary portal (gtb.inl.nl)?>, which had its first release
in 2007 (Depuydt and De Does, 2008). This application
mainly supports semasiological search; most users use it
to look up the meaning of a word. There is no dictionary
of Dutch which describes the complete language period in
the way the Oxford English Dictionary does for English,
so combining all four dictionaries in a portal was the clos-
est we could get to providing a diachronic lexicographic
overview of Dutch language. A major challenge was to give
the user optimal access to the dictionary information, with-
out compromising the uniqueness of each individual dic-
tionary. For this module, not only the dictionary software
application was designed and built, but a lot of work went
also into semi-automatic processing of the data to make the
dictionary content suitable for searching. The data was con-
verted into TEI XML. Easier access to the dictionary con-
tent was provided, among other things by adding a modern
Dutch equivalent to each entry in the dictionaries. This does
not only enable combined searching in several dictionaries
by one single query, it also relieves users of the burden of
having to search by one particular historical spelling of a
lemma.

2 The first component is the online historical dictionary portal
(gtb.ivdnt.org), of which the first module was released in 2007 by
bringing the WNT online. In separate steps, the MNW, VMNW
and ONW were processed and added and the data and application
have had several updates.



1.2. GiGaNT: a Diachronic Morphosyntactic
Lexicon

Also in 2007, work started on the design of the computa-
tional lexicon module GiGaNT? (Groot Geintegreerd Lex-
icon van de Nederlandse Taal; large integrated lexicon of
the Dutch language). A computational lexicon gives struc-
tured information on vocabulary and has to be suitable for
use by computer software. GiGaNT provides information
on words, their inflectional and spelling variation, and is
aimed to cover Dutch language from the 6th century until
present-day. The original aim of GiGaNT was to build a
lexicon to support annotation of historical corpus material
with part of speech (PoS) and lemma, so as to make these
corpora better searchable. However, it can also be used to
exploring new corpus material in order to harvest new ma-
terial, not yet described in the available dictionaries. The
lexicon has already been made available in a lexicon ser-
vice, used for query expansion. A good example is the way
a user gets suggested potential variants of a search word in
the online historical material of the KB (Dutch Royal Li-
brary), in www.delpher.nl or in the Dutch national project
(www.nederlab.nl) where a historical corpus is being com-
piled and put online. The lexicon is also used in Nederlab
to establish the link between text material and the online
historical dictionaries. Using the historical dictionaries as
a primary resource for the GiGaNT lexicon was a logical
thing to do. It is a very efficient way to build a historical
computational lexicon. Each dictionary contains quotation
material for which in each quotation, there is an occurrence
of the dictionary entry in a particular form, so automatic de-
tection of the correct word form belonging to the dictionary
entry is comparatively easy.

1.3. DiaMaNT: a Diachronic Semantic Lexicon

The infrastructure as described above, offers users the
means to find out the meaning of a historical word, and
gives information on potential spelling and form variation,
by means of which searching historical text is made eas-
ier. Having the option to search via a modern lemma form
also simplifies searching in historical dictionaries and text.
From the point of view of INT, another advantage is that
it contributes to the structuring of the lexicographical de-
scription of the Dutch vocabulary. It gives a more system-
atic view on what is described, and allows easier detection
of inconsistencies and gaps.

To take the infrastructure to the next level, however, would
mean finding a solution to resolve one more aspect of the
historical language barrier, which is not related to historical
variation in form, but to historical variation in vocabulary
and meaning. How can we give users the means to search in
historical texts for a concept for which he or she only knows
the modern Dutch term? In its most simple form, given a
certain word, a user ought to get suggestions for potential
synonyms of that word, combined with information on the
time period in which a particular word was used. And it
would even be better if we were able to allow users to look

3 The situation is now that two modules (based on MWN and
WNT) have been released and work on the modules based on
ONW and VMNW is scheduled for 2018.

for words with a specific meaning. And can we offer his-
torical linguists better means to study diachronic semantic
variation in a systematic way?

This is why in 2015, work on the third module of the in-
frastructure was started, the diachronic semantic computa-
tional lexicon of Dutch (DiaMaNT, Diachroon seMantisch
lexicon van de Nederlandse Taal). The main purpose of
this lexicon is to enhance text accessibility and foster re-
search in the development of concepts, by interrelating at-
tested word forms and semantic units (concepts), and trac-
ing semantic developments through time. In the lexicon,
the diachronic onomasiology, i.e. the change in naming of
concepts and the diachronic semasiology, i.e. the change in
meaning of words, will be recorded in a way suitable for use
by humans and computers. The onomasiological part of the
lexicon is designed to enhance recall in text retrieval by pro-
viding different verbal expressions of a concept or related
concepts (slager — beenhouwer, beenhakker, vleeshouwer
(synonyms for ‘butcher’); boer — landman (‘synonyms
for ‘farmer’). The diachronic semasiological component
(which charts semantic change), aims to enhance precision
by enabling the user to take semantic change into account;
the oldest meaning of apple for example is ‘a fruit’ (so apple
is also used for pears, plums etc.). The lexicon is built by
adding a semantic layer to the word form lexicon GiGaNT,
using the semantic information in the historical dictionar-
ies, i.e. the definitions from the dictionary articles from
which the word form lexicon is built.

2. DiaMaNT as Linked Data

An important impulse for the deployment of DiaMaNT
comes from the Dutch CLARIAH project*. One of the
aims of the technical infrastructure of this project is to of-
fer a generic linked open data graph, populated with enti-
ties relevant for the humanities like persons, locations and
concepts, for network analysis, data annotation and linking
purposes. The concept-entity graph has to provide the ba-
sis of a Dutch thesaurus for semantically related terms over
time and DiaMaNT is the core of this graph. The lexicon
will also be part of the CLARIAH infrastructure for lin-
guistic resources, which enables federated search scenarios
in which information from corpora, treebanks and lexica
can be combined.

Publishing as Linked Open Data (LOD) facilitates this
type of interoperability and integration of lexical resources
(Chiarcos, 2003). The LOD paradigm provides a frame-
work that facilitates information integration, and thus, in-
teroperability, by ensuring that entities can be addressed in
a globally unambiguous way using Unique Resource Iden-
tifiers (URISs), that entities can be accessed over HTTP, and
that the descriptions of entities and links between them can
be represented according to the W3C Resource Description
Framework (RDF) standard (Berners-Lee, 2006).

The CLARIAH context was an important argument to go
for a lexicon development strategy which would allow in-
termediate releases of the lexicon. So far, a project internal
release has been done of the lexicon, containing synonym
information extracted from the dictionary definitions. The

4 www.clariah.nl
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basic LOD model of the lexicon has also been designed.
And some exploratory research has been done into the po-
tential distributional semantics offers for lexicon develop-
ment and deployment.

2.1. DiaMaNT Source Data

The lexicon adds a semantic layer on top of the word form
lexicon GiGaNT. Both DiaMaNT and GiGaNT have the
historical dictionaries of Dutch as a base. The elements
from the dictionaries used to create the computational lex-
ica are: entry (historical form and modern Dutch equiva-
lent), PoS, quotations and definitions. These elements are
encoded in the TEI XML underlying the online dictionar-
ies. The number of entries, quotations and definitions in the
four dictionaries is given in table 1.

The core of the lexica is the corpus of quotations, present
in the dictionaries. They illustrate the spelling, the morpho-
logical variation and the meaning of an entry as described
by the lexicographers. Every quotation in the dictionar-
ies has metadata, describing the provenance of the quota-
tion. The quotations are dated and in all dictionaries but
the WNT, also location information is provided. Each oc-
currence of the main structural elements in the TEI XML
has its own persistent ID. In both GiGaNT and DiaMaNT,
these persistent ID’s are retained. In GiGaNT, the occur-
rences of an entry in each quotation have been detected
and stored, together with the quotations and their metadata.
Each word form has been given the correct analysis (lemma
and main PoS). This means that in some cases, dictionary
entries that in fact describe several lexical entries from the
point of view of a computational lexicon, were thus split
up.

Since DiaMaNT provides a semantic layer on top of Gi-
GaNT, the word forms of GiGaNT are included in the lex-
icon in order to make the lexicon more suitable for text re-
trieval by query expansion. The aim is to develop a the-
saurus (diachronic wordnet), where synonym clusters rep-
resent the concepts for which lexicalisations are described
in the dictionaries. In the current prototype, a first seman-
tic annotation layer on top of the entries and senses in the
dictionaries consists of synonyms automatically extracted
from the dictionary definitions from MNW and WNT. It is
not yet a unified semantic resource, but both MNW and
WNT entries are interlinked by a manually verified set
of correspondences that go beyond the homograph level.
The temporal information is provided by the metadata that
comes with the quotations providing the lexicographical ev-
idence for the definitions from which the synonyms are ex-
tracted.

2.2. Ontolex-Lemon

A standard for the representation of lexical data in RDF
is Ontolex-Lemon’, developed by the Ontology Lexicon
(Ontolex) community group (Ciminiano et al., 2016). The
model is designed to give linguistic grounding to ontolo-
gies, by linking the ontology to lexical entries with gram-
matical and/or semantic information. The Ontolex com-
munity group is currently working on a module dedicated

> www.w3.0rg/2016/05/ontolex

to lexicographical data® (Bosque-Gil et al., 2017; McCrae
et al., 2017). Even though DiaMaNT is not a mere con-
version of historical dictionaries into RDF, there is enough
traditional dictionary content in DiaMaNT to be confronted
with similar issues, like how to deal with sense hierarchy,
how to model diachrony, etc. (cf. Khan et al., 2016, 2017;
Bosque-Gil et al., 2017).

We will not describe the complete LOD model for Dia-
MaNT. Instead, we want to focus on those components
that are essential for our lexicon building approach, and for
which we had to define extensions to the model.

The main objective for the implementation of the data
model for the lexicon is to do justice to the character of
the underlying scholarly lexicographical work. The core
of our lexica is the corpus of attestations from the histor-
ical dictionaries. By analysing the corpus material, using
their expert knowledge, lexicographers provided a careful
description of the meanings of each word in the dictionary.
According to Kilgarriff (1997) “the scientific study of lan-
guage should not include word senses as objects in its on-
tology. Where ‘word senses’ have a role to play in a sci-
entific vocabulary, they are to be construed as abstractions
over clusters of word usages.” For him “the basic units are
occurrences of the word in context (operationalised as cor-
pus citations).” The senses from the dictionaries we use in
our DiaMaNT lexicon, and the ontological layer we add to
it, remain an interpretation of historical language that came
down to us via text. This motivates the extensions we pro-
pose to the Ontolex-Lemon model. Senses, lexical entries,
lexical forms, and temporal information are linked to attes-
tations. Keeping the complete description of the senses, in-
cluding the hierarchy, of the lexical entry, is also motivated
by the desire to contextualise. Likewise, provenance infor-
mation concerning the data processing for the DiaMaNT
lexicon is included in the lexicon.

We will now give a brief the description of how attestations,
sense hierarchy and provenance are modeled for DiaMaNT.

2.3. Attestations

Figure 1 shows how we link evidence (“attestations”) to
lexical categories which we conceive as interpretations for
which the dictionary quotations (or corpus references) pro-
vide evidence. The main elements of the lexical entry (Lex-
icalEntry itself, Form and LexicalSense) are assigned to
the superclass LexicalPhenomenon (the name is maybe not
very elegant, Observable might be another option).

In this way, the dictionary quotations can be seen as a par-
tially semantically tagged corpus.

Table 2 shows part of our efforts to “put the corpus into the
dictionary” (Kilgarriff, 2005) by means of the standoff cor-
pus annotation approach of NIF’ ontology, and to define a
suitable metadata model on top of Dublin Core®. Unpre-
fixed class and property names are extensions we had to
resort to. The extensive quotation metadata is the main in-
gredient for the temporal and spatial dimensions of the lex-
icon. In contrast with the lemonDIA model (Khan, 2016),

6 www.w3.org/community/ontolex/wiki/Lexicography

persistence.uni-leipzig.org/nlp2rdf/ontologies/nif-core/nif-
core.html
§ dublincore.org/
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dictionary lemmata definitions quotations tokens
ONW 9.268 12.619 30.025 1.056.926
VMNW 25.946 102.202 194.366 6.463.868
MNW 74.773 144.714 400.619 13.078.231
WNT 467.288 553.672 1.667.835 51.246.034
Total 577.275 813.207 2.292.845 71.845.059

Table 1: Content statistics of the historical dictionaries
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Figure 1: Attestations

the CLARIAH DICOLOD project’ (Maks et al., 2016) and
Cimiano et al., 2013, in which lexical senses are assigned to
a time period, we aggregate this information from observed
usage.

2.4. Senses, Subsenses and Definitions

Many scholarly dictionaries have a hierarchical subdivision
of the sense section, mostly (but not exclusively - grammat-
ical distinctions also play a role) based on semantic criteria.
One might wonder whether it makes sense to model this
subdivision in the more strictly structured semantic lexical
infrastructure we work towards.

Despite the somewhat fuzzy semantic significance of the hi-
erarchy, we think it makes sense to include it in the lexicon.
Human perusal of, for instance, the result of a query over
the data which presents an unstructured list of senses, im-
mediately prompts the desire to know their position in the

? github.com/cltl/clariah-vocab-conversion

19 A terminus post quem is the earliest possible date something
may have happened,

" A terminus ante quem is the latest possible date something
may have happened.

article hierarchy. Moreover, we have a usage and evidence-
based view of meaning. A sense hierarchy implies a seman-
tically motivated hierarchical subdivision of the evidence
(set of quotations and their metadata in the entry). NLP
applications like word sense disambiguation profit from
the possibility of defining a coarse-grained division. Al-
though the hierarchical information requires postprocessing
to make it optimally suitable for this purpose, discarding it
would entail unwarranted loss of information.

We briefly describe the sense-related part of the model. In
agreement with the core Ontolex model, we use the ref-
erence property to refer from a lexical sense to a con-
cept in an external ontology'?, and synsets are modeled
by sharing Lexical Concepts. We encode the sense hier-
archy by means of a (non-transitive) property subsense (in
the Lemon namespace) and, like Bosque-Gil et al. 2017,
an integer-valued data property senseOrder is attached to
the sense nodes. Attaching the order information in this
way implies that a sense cannot be shared among lexi-
cal entries, which is not a problem in our setting, as we

12" For instance, the Dutch National Species Register,

www.nederlandsesoorten.nl/
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Metadata property description
. Terminus post quem'? for the document from which the
witness YearFrom . . .
evidence is obtained
witness YearTo Terminus ante quem'!
. Some element in an enumeration containing levels like
LocationType . .
Country, Province, City, etc

Table 2: metadata properties

model (near)-equivalences between senses from different
resources by links between the associated lexical concepts.
The alternative options of modeling the hierarchy by means
of RDF collections or containers, or the senseSibling prop-
erty proposed by (Khan et al., 2016, 2017) generate a huge
amount of extra triples, especially given the extensive hier-
archy (maximum depth of 9 levels, with up to 760 “senses”
per article'?). We chose to re-reify definitions (current On-
tolex dropped the SenseDefinition class of its predecessor
Lemon and proposes skos:definition, which is a data prop-
erty) in order to be able to attach provenance (and other
information) to them. We further propose that the (Lemon)
SenseDefinition class can be subclassed, according to dif-
ferent types of lexicographical definition. We are in the
process of transforming automatically extracted synonym
definitions into semantic links. We use the subclass Syn-
onymDefinition to represent the synonym references ex-
tracted automatically from the dictionary definitions.

2.5. Provenance

Scholarly lexicography provides evidence for the assertions
made. The user can assess the reliability of the interpre-
tation on the basis of the evidence. When dealing with
enriched data, equal standards should be adhered to. The
PROV ontology'* provides us with mechanisms to provide
information about the provenance of the added layers of in-
formation. For the core lexicographical data, provenance
is specified in a more succinct way by referring to the id’s
of data elements. For those enrichments which have been
added automatically and only partially verified manually, it
is important to distinguish the verified and the unverified in-
stances. By restricting results to resources associated with
agents from the subclass Person, a user can exclude the un-
verified part of the lexicon.

3. Conclusion and Future Work

The lexicon model has been tested by converting the dataset
to a medium-size resource of about 40M triples and de-
ploying it in a SPARQL endpoint using Jena TDB ver-
sion 3.1.0%. In several realistic usage scenarios, both as
a standalone resource and in combination with other re-
sources (DBpedia, Open Dutch Wordnet, distributional the-
sauri), performance is quite acceptable for non-distributed
queries (although the engine used is rather sensitive to the
ordering of subqueries). Query formulation is not too cum-
bersome for users with some knowledge of SPARQL. The

13 gtb.inl.nl/iWDB/search?actie=article& wdb=WNT&id=M089102

14 www.w3.org/TR/prov-o/

15 jena.apache.org/documentation/tdb/

main remaining challenges (apart from the development of
the lexicon content) are to improve performance on fed-
erated queries over several endpoints and to implement a
user-friendly query interface for non-technical users.
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