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Abstract

This paper describes the process of interlink-
ing a lexical resource consisting of a list of
more than 20,000 Neo-Latin words with other
resources for Latin. The resources are made
interoperable thanks to their linking to the
LiLa Knowledge Base, which applies Linguis-
tic Linked Open Data practices and data cate-
gories to describe and publish on the Web both
textual and lexical resources for the Latin lan-

guage.

1 Introduction

The Latin language shows a diachronic span cover-
ing more than two millennia, from the first literary
texts in the 3rd century BC until today, when, for
instance, Latin is the official language of the Vat-
ican State. Moreover, having been for centuries
the lingua franca of what is now referred to as
the European area, Latin has been used in several
different places by people with different cultural
backgrounds, who produced texts of different ty-
pologies, thus resulting in a substantial degree of
diatopic, diastratic and diaphasic variation.

Such a variation concerns every level of meta-
linguistic analysis, including morphology (Korki-
akangas and Passarotti, 2011), syntax (Ponti and
Passarotti, 2016), semantics (Perrone et al., 2021)
and the lexicon.

As for the latter, despite the closed-corpus status
of the Latin language (with a few exceptions of
newly coined terms), there is not one fully com-
prehensive lexical resource that features the entire
Latin lexicon. Yet, throughout the centuries, the
lexicographic work on Latin has produced several
dictionaries, lexica and glossaries covering specific
eras (and/or areas) of the Latin language. For in-
stance, the Latin-English dictionary by Lewis &
Short (Lewis and Short, 1879) includes lexical en-
tries about words from the Classical era, while
the glossary by du Cange (du Cange et al., 1883—
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1887) and the Frankfurt Latin Lexicon (Mehler
et al., 2020) concern Medieval Latin.

Over the last two decades, the research area deal-
ing with linguistic resources for Latin has grown
substantially, leading to the current availability of
a large number of (annotated) corpora, including
five treebanks available in the Universal Depen-
dencies collection (de Marneffe et al., 2021) and
several retro-digitised and newly built lexical re-
sources. Such a situation raised the issue of the
interoperability between the resources for Latin
(like for many other languages), which are stored
in separate silos and cannot interact. Starting in
2018, the LiLa: Linking Latin project! addressed
this issue, by building a Linked Data Knowledge
Base of interoperable resources for Latin. In the
LiLa Knowledge Base, interoperability between
resources is achieved by linking all those entries in
lexical resources and tokens in corpora that point to
the same lemma. As a consequence, the core of the
LiLa Knowledge Base consists of a large collection
of Latin lemmas (called Lemma Bank), published
as Linked Data and following the vocabulary and
categories of the OntoLex-Lemon model (McCrae
et al., 2017; Passarotti et al., 2020).

Given the central role played by the Lemma
Bank in the architecture of Lila, its lexical cov-
erage is of the utmost importance.”> In order to
enhance the Lemma Bank with lemmas belong-
ing to the so-called Neo-Latin or Modern Latin
variety, we have recently started the process of
linking the lexical entries of the Neulateinische
Wortliste (NLW) by J. Ramminger, a dictionary of
Latin from Petrarch up to the 18th century (Ram-
minger, 2016).> The dictionary currently includes
about 21k entries, promising to allow for a relevant

1https: //1lila-erc.eu.

ZBefore the work described in this paper, the LiLa Lemma
Bank included about 200k lemmas for approximately 130k
words. One word can have more than one lemma, like in the
case of graphical variants: see Section 3.

3http: //nlw.renaessancestudier.org.
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widening of the lexical coverage of the Lemma
Bank. This paper describes the stages of this on-
going linking process, detailing the ones that we
have already accomplished and outlining the future
work.

2 Data

The NLW is a lexical resource that collects entries
from the so-called Neo-Latin lexicon. These were
retrieved mainly from literary sources and partly
from secondary literature, such as scientific publi-
cations on Neo-Latin (Schoeck et al., 1990). The
diachronic range covered by the resource spans be-
tween 1300 and 1700, on the basis of a decision
taken by field experts, as explained by the author
in the documentation available on the website.*

In the NLW, Neo-Latin is considered as the di-
achronic development of a specific diastratic vari-
ety of the language, namely Latin written produc-
tion influenced by the linguistic ideals of Renais-
sance Humanists. These ideals may be subsumed
under two general purposes: recovery of the lan-
guage of Classical Antiquity, and enriching the
lexicon with new entries that mirror contemporary
changes in the society, e.g. typographus ‘typog-
rapher’. However, the NLW does not feature the
entire Neo-Latin lexicon according to these criteria,
but it reflects its author’s interests, as stated in the
documentation.

The word list, consisting of 21,352 entries, was
provided by the author in .docx format. The content
of each entry is organised into a set of fields. The
first one contains the citation form(s) of the lemma
and all its graphical variants, followed by morpho-
logical information about its inflectional category,
e.g. the endings of other forms of the word and
a shortcut for the gender: for instance, “-a, -um”
(the feminine and neuter of the nominative singu-
lar) for first class adjectives like bizarrus ‘moody’;
“-i, m.” (the genitive singular and the gender) for
second declension masculine nouns like almirar-
chus ‘admiral’; “-ire, -ivi, -itum” (the present active
infinitive, first-person singular of the perfect and
supine) for fourth conjugation regular verbs like
semiambio ‘to half-circle’. The other fields fea-
ture a translation into German of the lemma and
examples of its usage in textual sources, a set of
administrative metadata (i.e. date of the creation),
a numeric unique identifier for the entry, and philo-

*http://nlw. renaessancestudier.org/varia/
einleit.htm.
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logical and etymological information. Information
about the presence of the lemma in a set of Clas-
sical and Medieval Latin dictionaries and lexico-
graphic databases is provided as well.?

3 The Neulateinische Wortliste in LiLa

The LiL.a Knowledge Base follows the principles
of the Linguistic Linked Open Data paradigm. It
adopts the RDF data model (Lassila and Swick,
1998), where information is coded in terms of
triples that connect a subject to an object through a
property. Each instance of an item (“individual”)
belongs to a specific class. The structure of the data
is expressed by means of subclass relations and/or
restrictions on the domain and range of properties
—i.e., on the kinds of elements that they can have
as subject and object, respectively. Classes and
properties of existing ontologies are reused when
possible, new ones are introduced if necessary.

As was hinted above, the core class of the LilLa
Knowledge Base is 1ila:Lemma.® The lemmas of
the Lemma Bank, to which the entries of lexical
resources and the tokens of textual resources are
linked, belong to this class. The lemma is sim-
ply defined as the citation form of a word, as it is
recorded in dictionaries. Therefore, it is treated as
a subclass of the class of forms in the OntoLex vo-
cabulary (ontolex:Form).” This is the vocabulary
that is used for the inclusion of lexical resources
into the LiLa Knowledge Base: their entries belong
to the class ontolex:LexicalEntry,® and they
are connected to the corresponding lila:Lemma
in the Lemma Bank by means of the property
ontolex:canonicalForm;® entries of different re-
sources that refer to the same word are linked to the
same lemma in the Lemma Bank, thus achieving
the desired interoperability.

As a consequence, the very first step of our pro-
cedure consisted in going through the entries of the

SThesaurus Linguae Latinae (https://tll.degruyter.
com/about), the Ausfiihrliches lateinisch-deutsches Hand-
worterbuch (Georges, 1998), the Lexicon totius latinitatis by
Forcellini (Forcellini, 1965), the Dictionary of Medieval Latin
from British Sources (Latham et al., 2018), and the Dictionary
of Medieval Latin from Celtic Sources (Devine et al., 1998).

6http: //lila-erc.eu/lodview/ontologies/lila/
Lemma. In this notation, a shorthand of the ontology where
the class or property is defined precedes the colon, that is
followed by the name of the class or property (in camel style
with or without capitalisation of the first letter, respectively).

"http://www.w3.org/ns/lemon/ontolex#Form.

8http: //www.w3.org/ns/lemon/ontolex#
LexicalEntry.

9ht’cp: //www.w3.org/ns/lemon/ontolex#
canonicalForm.
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Figure 1: Mapping from NLW entries to LiLa lemmas

NLW and looking for the corresponding lemmags)
in the Lemma Bank. This was done by match-
ing the string of the entry as it appears in the first
field of the data that were delivered to us (see Sec-
tion 2) with the different graphical variants of the
lemmas in the Lemma Bank — coded as different
writtenRepresentations using the OntoLex vo-
cabulary.!? This allowed us to unambiguously link
5,651 entries to their corresponding lemmas. In
other cases (716 entries), however, more than one
lemma matched the string of the NLW entry, so a
disambiguation is needed to select which lemma is
the correct one. Lastly, there are 14,985 entries of
the NLW that are not found in the Lemma Bank:
in these cases, we need to add a new lemma to
be able to link those entries. Figure 1 shows this
distribution visually.

In what follows, we describe our procedure 1)
to automatically generate new lemmas with all the
relevant information (Section 3.1), and ii) to dis-
ambiguate between different homographic lemmas
that match the string of a single NLW citation form
(Section 3.2).

3.1 Automatic generation of new lemmas

In the Lemma Bank, several pieces of informa-
tion are associated to each lemma by means
of a set of dedicated properties. Among
other things, each lemma is assigned a part
of speech through the property lila:hasP0S;!!
information on the inflectional category — ver-
bal conjugations, nominal declensions, adjecti-
val classes — is provided through the property
lila:hasInflectionType;'? additionally, gender

Ohttp://www.w3.org/ns/lemon/ontolex#
writtenRep.

llhttp: //1lila-erc.eu/ontologies/lila/hasPOS.

Zhttp://1ila-erc.eu/ontologies/lila/
hasInflectionType.
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(masculine/feminine/neuter) is coded for nouns
through the property 1ila:hasGender!? and gra-
dation (positive/comparative/superlative) for ad-
jectives through the property 1ila:hasDegree.!'*
When generating new lemmas for the entries of
the NLW that have no match among the already
existing lemmas of the Lemma Bank, to infer all
these features we exploited the morphological in-
formation provided by the NLW entries.

Firstly, we isolated the information about the
inflectional category (and, for nouns only, the gen-
der) as a set of separate codes, e.g., the code “-i,
m.” identifying masculine 2nd declension nouns.
This yielded a classification in almost a thousand
(993) distinct codes. However, many of them (730)
are attested in only one entry (hapaxes), and the
overwhelming majority (920) are attested in less
than 10 entries. At this stage, we focused on the
73 codes that are attested in more than 10 entries.
Because of the frequency distribution of codes, this
is sufficient to cover for most of the entries of the
NLW (19,935 out of 21,352). Since the other codes
often correspond to more marginal and not fully
regular cases, they are best left for a successive
stage of manual or semi-automatic insertion (when
they are not already linked to existing lemmas of
the Lemma Bank).

The 71 codes then underwent a process of nor-
malisation, whereby some entries that are coded
differently in the NLW data are attributed to the
same class. In some cases, this is necessary because
the coding of a single class is not uniform, due to in-
consistencies in the way in which the original data
have been compiled by hand. For instance, first
class adjectives are coded sometimes as “-a, -um”,
sometimes as “-a -um”, sometimes as “-a, .-um”,
sometimes with other minor variations, that are ob-
viously not relevant to the morphological classifi-
cation of the data. In other cases, the normalisation
is motivated by the fact that different codes reflect
a classification that is more fine-grained than the
one of the Lemma Bank, so they can be conflated
into a single class for our purposes. For instance,
verbs of the first conjugation are coded in differ-
ent ways in the NLW according to their strategy to
form the perfect active indicative and the supine,
e.g., by suffixation of -avi and -atum (see the verb
concentro ‘to concentrate’, with code “-are, -avi,
-atum”) or by suffixation of -ui and -fum (see the

13http: //lila-erc.eu/ontologies/lila/hasGender.
14http: //lila-erc.eu/ontologies/lila/hasDegree.
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Ic\i)]a? regex match POS }lz;%e Gender
-ei, f. NOUN n5 f
-i,m.  “Ma-z]+(usl(eli)r)$ NOUN n2 m
-i,m. MA-Z]+(usl(el)r)$ PROPN n2 m
-i,m.  “a-z]+os$ NOUN  n2e m
-, m. MA-Z]+os$ PROPN n2e m

Table 1: Mapping from the NLW morphological codes
to the LiLa vocabulary

LIS

verb triseco ‘to trisect’, “-are, -ui, -ctum”), respec-
tively. However, this difference is not reflected in
the inflectional classification adopted in the Lemma
Bank, and both these words would simply be as-
signed to the first conjugation class. Therefore, the
two codes — together with all the other variants for
the same conjugation — were normalised to a single
one (namely, “-are”) at this stage.

Such normalised codes were then used to gener-
ate the morphological information according to the
tagset adopted in the Lemma Bank, as illustrated
in Table 1. In some cases, a direct mapping is pos-
sible. For instance, if a word is assigned the code
“-ei, f.” in the NLW, then it can be reliably inferred
that it is a feminine noun of the 5th declension (n5)
— e.g., faceties ‘witticism’. In other cases, how-
ever, the code by itself does not allow for a direct
mapping, and it needs to be complemented with
information on the character string of the citation
form. For such cases, we specified different regu-
lar expressions that the string of the NLW citation
form needs to match for the corresponding lemma
to be assigned a given part of speech, inflection
type and gender in the LiLLa Knowledge Base. For
instance, the code “-1, m.” is used for masculine
nouns of the second declension in the NLW. How-
ever, such nouns are classified differently in the
LiLa Knowledge Base according to their shape: as
for their part of speech, they are considered to be
proper nouns if they start with a capital letter, com-
mon nouns otherwise; as for their inflection type,
they are grouped with regular second declension
nouns (n2) if they end with “us”, “er”, or “ir” (e.g.,
vicenuntius ‘deputy envoy’, cultrifer ‘knife man’,
proseptemuir ‘deputy member of the consortium
of The Seven Men’), with irregular ones (n2e) if
they end with “os” (e.g., in Greek loanwords like
misanthropos ‘misanthropist’). By applying such
mappings to the cases of entries of the NLW with
no match in the Lemma Bank, we enhanced it with
13,477 new lemmas. '

We excluded 976 entries of the NLW providing more
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3.2 Automatic disambiguation between
homographic lemmas

In order to disambiguate automatically at least
some of the cases where more than one lemma
in the Lemma Bank matched the string of the entry
of the NLW, we used the same mappings discussed
in Section 3.1 and exemplified in Table 1. For in-
stance, the string of the citation form of the NLW
entry formularius ‘compositor’ matches two dif-
ferent lemmas of the Lemma Bank, one of them
being a noun'® and the other one an adjective.!”
However, since the NLW entry in question is as-
signed the code “-i, m.”, we know that the entry is a
second declension noun. Therefore, we can safely
link it to the lemma with the corresponding part of
speech and morphological features in the Lemma
Bank.

This procedure was applied to all the cases of
one-to-many mapping between the NLW and the
Lemma Bank, again excluding the 214 cases with
more than one citation form, that are left for manual
disambiguation because they cannot be categorised
automatically. Out of the 501 remaining ambigu-
ous cases, 359 were automatically disambiguated,
and each of them is consequently linked to a sin-
gle lemma in the Lemma Bank at the end of the
process.

4 Conclusion and Future Work

In this paper, we have described the ongoing pro-
cess of linking a dictionary of Neo-Latin to the
LiLa Knowledge Base.

Based on the lexical entries of the dictionary,
the collection of lemmas that represents the core
component of Lil.a was enhanced with more than
13,000 new items.'® Such an extension of the LiLa
Lemma Bank promises to improve its lexical cov-
erage of the Neo-Latin texts that we plan to link
to the Knowledge Base in the near future. In par-
ticular, the texts will be taken from the CAMENA
corpus, that counts about 50 million tokens. '’

Besides the citation form (the lemma) and
the translation(s) in German of the words (mod-
elled as individuals belonging to the class

than one citation form, as these cannot always be treated
automatically (see also the discussion in Section 4).
16ht’cp://1ila—erc.eu/da’ca/ic{/lemma/103663.
"http://1ila-erc.eu/data/id/lemma/103662.
'8The Lemma Bank can be queried at https://1lila-erc.
eu/query/.
Yhttp://mateo.uni-mannheim.de/camenahtdocs/
camena_e.html.
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ontolex:LexicalSense),? the lexical entries of
the NLW feature also a number of sample attesta-
tions of their use in Neo-Latin texts. We mod-
elled and published this information as Linked
Data, using the Frequency, Attestation and Cor-
pus (FrAC) module of OntoLex-Lemon (Chiarcos
et al., 2022a).

Furthermore, we have seen in Section 3.1 that
the NLW provides a morphological classification of
lemmas that is sometimes more fine-grained than
the one adopted in the Lemma Bank, and was thus
not exploited in our procedure to automatically
generate new lemmas. However, this is a poten-
tially useful piece of information, that we plan to
model in Linked Data, using the Morphology mod-
ule (morph) of OntoLex-Lemon (Chiarcos et al.,
2022b).

Lastly, we have seen in Sections 3.1 and 3.2
that those entries of the NLW that have more than
one citation form were left out from our auto-
matic procedure. This is motivated by the fact
that the nature of the different citation forms and
the relation between them can be diverse, and
consequently require a different modelling. In
some cases (e.g., typographicus/typograficus ‘typo-
graphic’), they are simply graphical variants, that
should be treated as written representations of the
same lemma. In other cases, they would be consid-
ered as different lemmas, connected to each other
through the property lila:lemmaVariant,?' ac-
cording to the current practice of the LiL.a Knowl-
edge Base — e.g., because they have different gen-
ders, as in cibulus(M)/cibulum(N) ‘morsel’. Since
anontolex:LexicalEntry cannot have more than
one ontolex:canonicalForm relation, such cases
require the introduction of different (sub-)entries,
whose organisation can be modelled using classes
and properties of the Lexicography module (lexi-
cog)?? of OntoLex-Lemon.

After converting the NLW into a RDF serialisa-
tion (Turtle), we published the resource as Linked
Data in the LiLa Knowledge Base, so to make it
interoperable with the other lexical and textual re-
sources for Latin already included therein.??

20https://www.w3.org/ns/lemon/ontolex#
LexicalSense.

2http://1lila-erc.eu/ontologies/lila/
lemmaVariant.

22https://www.w3.org/2019/09/1exicog/.

The URI (Uniform Resource Identifier) of the
NLW is http://lila-erc.eu/data/lexicalResources/
NLW/Lexicon. The Turtle file is available at https: //github.
com/CIRCSE/NeulateinischeWortliste.
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