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Abstract. Each lexical expression in a language has its own history. The elements
of a language are the result of several linguistic processes and may originate from
expressions of other languages. In this paper, we present an ontology designed to
describe linguistic phenomena, in particular, those that have influenced the pronun-
ciation or morphology of lexical elements over time. The ontology, called The Lin-
guistic Phenomena Ontology, is applied to the study of some Gallo-Italic varieties
spoken in Sicily (Italy), with a focus on the linguistic phenomena that have gener-
ated some lexical expressions in these languages by borrowing them from Sicilian.
Furthermore, an operational description based on regular expressions is provided
for many of these phenomena.
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1. Introduction

Languages constantly evolve. Typically, the elements of a language result from linguistic
processes that fall in two main categories: inheritance and borrowing.

Inheritance refers to lexical expressions passed down from a parent language, as
seen in many Romance languages, which descend from Latin. Borrowing, in contrast,
occurs when a recipient language adopts lexical items from a source language (see [1]
for a comprehensive discussion on this topic).

In other words, each lexical expression in a language has its own history: it may
have been inherited from a parent language or may have been borrowed from another;
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it may be derived from other expressions by mixing or truncation; its morphology or
pronunciation may have changed over time.

However, languages spoken by a specific population or in a specific geographic area
are strongly characterized by some recurring linguistic phenomena. For example, the
modification of “t” to “d”, which is a particular form of lenition (see [2]), occurred,
for example, for the Latin “patrem” that has become “padre” in Italian, a typical phe-
nomenon in the Italian language.

We denote as linguistic phenomena those kinds of phenomena that cause modifica-
tions of language expressions, in particular, those that occurred during the inheritance
and borrowing of lexical expressions, which are of interest for historical linguistics and
which changed the expressions from a morphological, phonetic, or phonological point
of view. In contrast, phenomena concerning language expressions’ semantics (e.g., sense
shift) are not considered here.

Moreover, we say that a linguistic phenomenon is a feature of a specific language if
it occurred in the generation of a significan number of lexical elements of that language.

Eliciting linguistic phenomena and language features is worthwhile for historical-
linguistics, in particular for studying contact-induced changes, i.e., changes that occurred
in a recipient language spoken by a population that came into contact with a population
speaking the source language (see also [3]).

In this paper, we propose The Linguistic Phenomena Ontology, an ontology to repre-
sent linguistic phenomena, thus enabling automated analysis on languages and linguistic
phenomena in them. This ontology has been used to encode features of some Gallo-Italic
varieties that are spoken in Sicily as a consequence of medieval immigration from North-
Western Italy. As reported in [4], these dialects represent an excellent testing ground
for language contact theory, due to the their long-standing interaction with the Sicilian
language.

This work extends a previous contribution [5], in which the first version of the on-
tology was presented. A detailed comparison between that version and the current one,
namely version 2.0.0, is presented in Section 4.

The rest of the paper is structured as follows. Section 2 provides a brief overview
of technologies and studies in the field of computational linguistics that could be related
to the representation and usage of linguistic phenomena. Section 3 presents notions and
concepts required to understand the proposed ontology. The Linguistic Phenomena On-
tology is presented and explained in Section 4. Section 5 describes the use-cases for the
ontology concerning Gallo-Italic varieties. Finally, in Section 6, we conclude with final
observations and directions for future work.

2. Related Works

Digital encoding of lexical information has been a thriving research topic over the last
decades (see, for example, [6,7,8,9]). During this time, OntoLex-lemon, introduced in
[10] and briefly described in Section 3.1, has become a well-established standard for
representing lexical information (see, for example, [11,12,13,14,15]). Among all the ex-
tensions proposed for OntoLex-lemon, the OntoLex-lemon Etymological Extension, de-
scribed in [16] and recalled in Section 3.2, is of particular interest for historical linguis-
tics.



The linguistic phenomena related to word formation, declension, and inflection are
core topics of study within the field of morphology. In [17], the authors describe an
ongoing effort to develop an OntoLex-lemon module for linguistic morphology, called
OntoLex-Morph. This module provides a class, morph:Rule, which describes how gram-
matical rules are applied to generate new lexical expressions from existing ones. Such
rules can be described with regular expressions through the class morph:Replacement,
using a representational pattern substantially equivalent to the one presented in Section
4.6. However, at the current stage of development, derivation details cannot be described,
in particular, those involving intermediate forms.

More in general, several Rule-based language technologies, which could benefit
from an OWL encoding, have been devised during the years (see [18,19]). In particular,
modeling phonological rules, as described in [19], using the representational features
introduced in Section 4.6, appears to be relatively straightforward.

In this paper, we focus on phenomena relevant to historical linguistics; however,
other types of phenomena should also be considered, such as those studied in morphol-
ogy and briefly mentioned above.

It is worth noting that the Turtle syntax [20] is adopted in this paper for namespaces
and their corresponding prefix abbreviations.

3. Preliminaries

This section is devoted to the presentation of notions, concepts, and ontologies required
to understand The Linguistic Phenomena Ontology. Specifically, we shortly introduce
OntoLex-lemon and the OntoLex-lemon Etymological Extension.

3.1. OntoLex-lemon

OntoLex-lemon is an OWL [21] ontology that provides rich linguistic grounding for on-
tological models, including the representation of morphological and syntactic properties
of lexical expressions, as well as the meaning of these expressions with respect to an
ontology. It is divided into several modules, each one defining its own namespace. Here
we restrict our attention to the core module ontolex:

@prefix ontolex: <http://www.w3.org/ns/lemon/ontolex#>

Essentially, lexica (e.g., dictionaries) are defined in OntoLex-lemon as sets of lexical en-
tries. These are, in turn, represented as instances of the class ontolex:LexicalEntry, or
of one of its subclasses ontolex:Word, ontolex:MultiwordExpression, and ontolex:Affix.
A lexical entry is characterized by a lemma and a part-of-speech, as a lemma may take
on different meanings when used in different parts of speech (consider, for example,
the English lemma “love”). An ontolex:LexicalEntry is associated with the correspond-
ing lemma through the ontolex:canonicalForm property. Lemmas are represented as in-
stances of ontolex:Form, each of which must have at least one written representation,
specified by the ontolex:writtenRep datatype property, and may have zero or more pho-
netic representations, indicated by the ontolex:phoneticRep datatype property. In addi-
tion, an ontolex:LexicalEntry instance can be associated with other grammatical form
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Figure 1. OntoLex-lemon representation for the Italian lexical expression “luce”

variants (e.g., plural form, feminine form), also represented by ontolex:Form by means
of the ontolex:otherForm property.

OntoLex-lemon does not prescribe a specific representation mechanism for parts of
speech; instead, it requires the use of a category system defined for the lexicon.

In this paper we will consider the category system provided by the OWL ontology
LexInfo, described in [22] and recalled in [10], which defines the following namespace:

@prefix lexinfo: <http://www.lexinfo.net/ontology/3.0/lexinfo#>

The LexInfo ontology provides the property lexinfo:partOfSpeech to associate a lexical
entry with a specified part of speech. Parts of speech are, in turn, provided explicitly in
LexInfo as individuals such as lexinfo:noun, lexinfo:verb, etc.

In Figure 1, we present a representation of the Italian expression “luce” in OntoLex-
lemon, which includes the lemma and its plural form.

Now that we have reviewed the core features of OntoLex-lemon, we turn to its ex-
tension for representing etymologies.

3.2. The OntoLex-lemon Etymological Extension

The OntoLex-lemon Etymological Extension, abbreviated as lemonEty, provides specific
representational features for etymological information, as detailed in [16]. It defines the
following name-space:

O@prefix lemonEty: <http://lari-datasets.ilc.cnr.it/lemonEty#>

In lemonEty, etymologies are defined as hypotheses about the history of lexical elements.
In particular, both simple and complex etymologies, which trace the hypothetical prove-
nance of a lexical expression through inheritance and borrowings, can be described in a
graph-shaped fashion using the class lemonEty:EtyLink.

Notice that lemonEty also provides an alternative pattern for representing etymolo-
gies, which models them as ordered lists of derivations using the class lemonEty:EtyList;
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Figure 2. Application of truncation, deriving the Italian “luce” from the Latin “lucem”

this pattern is not considered in the present work. For further details, the reader is referred
to [16].

An lemonEty:EtyLink instance connects a source ontolex:LexicalEntry instance with
a target one (i.e., the derived entry) by means of the properties lemonEty:etySource and
lemonEty:ety Target, respectively. In addition, the properties lemonEty:etySubSource
and lemonEty:etySubTarget can be used to establish more specific links between lex-
ical elements, such as ontolex:Form individuals referring to the entries involved in the
lemonEty:EtyLink.

For example, consider the etymology of the Italian lexical expression “luce”, illus-
trated in Figure 2, which descends from the accusative form “lucem” of the Latin lemma
“lux”. As shown in Figure 3, an lemonEty:EtyLink representing this derivation would
include:

* an ontolex:LexicalEntry corresponding to “lux” as lemonEty:etySource,

* an ontolex:Form with written representation “lucem” as lemonEty:etySubSource,
* an ontolex:LexicalEntry corresponding to “luce” as lemonEty:ety Target, and

* its canonical form, with written representation “luce”, as lemonEty:etySub Target.

Thus, in brief, with lemonEty one can state that a specific form descends from another
form of a different language. However, with this ontology one can just provide a textual
justification, intended for humans, for etymologies.

We claim that the Linguistic Phenomena Ontology, which will be introduced in the
next section, can be used to provide more detailed and automatically verifiable deriva-
tions between forms, thereby offering stronger empirical support for etymologies. For ex-
ample, explicitly stating that “luce” can be derived from “lucem” through the truncation
feature of Section 4.1, as illustrated in Figure 3, would reinforce the etymology presented
in the previous example.

4. The Linguistic Phenomena Ontology

Connecting etymologies to the linguistic phenomena that characterized them can be valu-
able for historical-linguistic researchers. This would foster the realization of tools for the
automatic discovery of language features from etymologies, or even to discover possible
etymologies of a lexical expression. Above all, representing in a detailed and automati-
cally verifiable way the derivations between the forms involved in an etymology in terms
of linguistic phenomena would provide solid evidence for the etymology itself.

For these reasons, we developed the Linguistic Phenomena Ontology, which pro-
vides representational features for describing linguistic phenomena and derivations, in
the sense of Section 4.1.

To begin with, we provide a precise definition to clarify our intended use of the term
linguistic phenomena. We argue that the definition of linguistic phenomena presented
in Section 4.1 is sufficiently general to encompass phenomena studied in other areas
of linguistics, such as inflection and declension. However, in this work, we primarily
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Figure 4. Two possible derivations of “padre” from “patrem”

focus on linguistic phenomena arising in the contexts of inheritance and borrowing, while
leaving open the possibility of future applications to other linguistic domains.

4.1. Definitions

As mentioned earlier, a linguistic phenomenon occurs when an expression from a source
language is transformed into one in a recipient language. At first glance, these phenom-
ena sound like just relations between lexical expressions.

For example, one could define a relation truncation, which removes the final “m”
from Latin expressions. As shown in Figure 2, this truncation can then be used to relate
the Latin expression “lucem” to the Italian “luce”.

In general, multiple modifications may occur in the linguistic process that gener-
ated the target expression. Consider, for example, the Latin expression “patrem”, which
evolved into the Italian “padre”. The latter may be derived from the former through
two distinct phenomena: a relation representing changes of “t” to “d”, which we name
lenition t > d, and a truncation. Moreover, “padre” can be derived from “patrem” via
these two phenomena in two different ways, as illustrated in Figure 4.
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Figure 5. Multiple occurrences of a language feature

Notice that intermediate expressions, such as “padrem” and “patre” in the exam-
ple, are not necessarily lexical expressions of any language. For expressions that do not
belong to an actual infermediate language, it would be inappropriate to consider their
pronunciation. In contrast, if such an expression was adopted by a significan number
of speakers during a specific time period, its pronunciation could be inferred from the
grapheme-to-phoneme pronunciation rules of the source and recipient language. In light
of this, our linguistic phenomena should be defined more as relations between strings,
where strings are understood, as usual, to mean finite sequences of characters from any
alphabet.

In other words, our linguistic phenomena are relations over orthographical forms.
As a consequence, phenomena which just alter the pronunciation of symbols without
affecting the written representation are out of the scope of this paper.

Following this definition, both lenition t > d and truncation in Figure 4 are linguistic
phenomena.

It is worth noting that linguistic phenomena are defined as relations rather than func-
tions, as they may affect multiple parts of the same expression and can apply to all of
them, not just a subset. For example, consider another form of lenition, typical of lan-
guages of northern Italy, in which every occurrence of ’c’ is changed to ’g’; we refer to
this as lenition ¢ > g. It applies to two different parts of the Latin expression “acacia”.
Thus, the values associated to “acacia” by lenition ¢ > g are “agacia”, “acagia”, and
“agagia”, as shown in Figure 5.

Building on this notion of linguistic phenomena, we define the concept of derivation
through linguistic phenomena as follows: we say that x derives y if there exists a (possibly
empty) chain of occurrences of linguistic phenomena starting with x and ending with y.

We conclude this section by pointing out that linguistic phenomena modeled using
our ontology are perdurant properties of forms and, more generally, of strings. In light
of this, representation models concerning diachronic data, such as those summarized in
[23], have not been considered.

Once the notions of linguistic phenomenon and derivation have been established, we
outline the scope and representational goals of our ontology in the following section.

4.2. Scope
Our ontology primarily aims to represent linguistic phenomena that occur during inher-

itance and borrowing processes and that affect the written form of an expression, while
remaining general enough to allow applications to other types of phenomena.



In order to precisely define the scope of our ontology, we define some competency
questions, i.e., a set of questions in natural language that a dataset using our ontology
will need to answer. In Section 4.5, our ontology will be tested with presenting some
SPARQL [24] queries to fulfill these questions.

[CQ1] Given two forms / and e, what linguistic phenomena, if any, allow / to be derived
from e?

[CQ2] Given a linguistic phenomenon p, what are the pairs (I, ¢) of forms such that there
exists a derivation from e to [/ that involves p?

[CQ1] is informative about the modeling purposes of our ontology. When our ontology
is used in conjunction with lemonkEty, it may be rephrased in terms of etymologies as
follows: “Given an etymology from etymon to lemma, is there a suitable set of linguistic
phenomena that derives lemma from etymon?”. Instead, [CQ2] is a seminal example of
the potential usages of our ontology for quantitative analysis.

The next sections are devoted to presenting and discussing in full detail all the fea-
tures of our ontology.

4.3. The Ontology

In this section we describe the Linguistic Phenomena Ontology (in short, LiPh). Before
presenting the ontology’s classes and properties, we first introduce the relationships of
LiPh with other OWL ontologies.

LiPh targets lexical forms, which are defined in OntoLex-lemon as members of the
class ontolex:Form. As a consequence, LiPh has been devised as an OntoLex-lemon ex-
tension. Conversely, the ontology does not extend lemonEty, but an extension of lemon-
Ety in LiPh can be easily framed.

All the LiPh entities are defined within the following name-space:

Oprefix liph: <https://gallosiciliani.unict.it/ns/liph#> .

The core of LiPh is the object property liph:derives, which serves as a super-property
encompassing all linguistic phenomena. This property encodes the notion of derivation
through linguistic phenomena introduced in Section 4.1.

In addition, it is defined as transitive and reflexive: transitivity just enforces the mod-
eling of linguistic phenomena chains; instead, due to reflexivity, every lexical expression
derives first from itself. As will be shown in Section 4.5, this property is particularly
helpful for query tasks focused on specific phenomena but potentially involving others,
such as those disclosed by [CQ2]. In such cases, liph:derives can serve as a placeholder
for those parts of the derivation that involve phenomena outside the scope of the task.

To allow for the modeling of other types of phenomena (e.g., those related to lexical
expression semantics) and to preserve the generality implied by its name, we do not
restrict the applicability of this property to any specific class of objects. However, as we
will see, its use is constrained when applied to lexical forms.

Following Section 4.1, this property must be suitable for connecting instances of
ontolex:Form. For example, it may connect ontolex:Form instances representing the Ital-
ian expression “luce”” and the Latin expression “lucem”, as illustrated in Figure 2. How-
ever, we emphasize that the class ontolex:Form represents grammatical realizations of



Table 1. Linguistic Phenomena Ontology base constraints

ontolex:Form C liph:LexicalObject

ontolex:writtenRep T liph:writtenRep

liph:LexicalObject T 3(liph:writtenRep).(rdf : langString)
liph:derives = liph:derives*

liph:LexicalObject T V/(liph:derives).(liph:LexicalObject)

lexical entries, which are, in turn, characterized as members of specific languages. In
contrast, linguistic phenomena may also involve objects that are not expressions of any
particular language—such as “padrem” and “patre” in Figure 4. Notice that these inter-
mediate forms may have been used by some speakers during a limited period of time.
In this case, the usage of ontolex:Form could be considered appropriate, as they would
be expressions of a sort of an intermediate language. However, to cope with cases of
intermediate forms whose effective adoption cannot be firmly established, we introduced
the more general class liph:LexicalObject. This class represents expressions involved in
linguistic phenomena, regardless of whether they belong to any language—such as the
endpoints of a lexical derivation—or not, as in the case of certain intermediate forms.
This class encompasses ontolex:Form and preserves the constraints stated in OntoLex-
lemon about it, in particular the existential restriction concerning the ontolex:writtenRep
datatype property. As anticipated before, ontolex:writtenRep has to be generalized as
well, as OntoLex-lemon restricts its usage to ontolex:Form. In addition, applications of
liph:derives to liph:LexicalObject individuals are restricted to individuals of the same
class. This determines that this property, when applied to forms, concerns just the form
level and not the lexical entries one.

Notice that ontolex:Form individuals may have several written representations. The
following definition clarifies how to deal with linguistic phenomena occurring between
objects of this kind: given an object property p, dedicated to represent a linguistic phe-
nomenon p, and given two instances i and j of liph:LexicalObject, i is related to j through
Pp if and only if there exist representations r; and r; of i and j, respectively, such that
p(ri) =r;j.

All entities of LiPh defined up to now can be concisely summarized using the De-
scription Logic syntax [25] through the constraints presented in Table 1, where rdf is an
abbreviation for the RDF namespace [26].

4.4. Reified Linguistic Phenomena

Linguistic phenomena can be defined just as subproperties of /iph:derives. For example,
Figure 6 illustrates how to represent the two possible derivations of the Italian “padre”
shown in Figure 4, assuming that lenition t > d and truncation are defined as subproper-
ties of liph:derives.

While this approach is fully compliant with our ontology, it has significant lim-
itations. Specifically, it avoids providing semantically relevant descriptions—i.e., state-
ments which affect reasoning—for phenomena and their occurrences, as doing so would
lead to undecidability (see [27]). Instead, our ontology adheres to OWL-DL, a fragment
of OWL for which decidability has been proven (see [28]). Examples of semantically
relevant descriptions of phenomena will be discussed in Section 4.6. Concerning phe-
nomena occurrences, one may, for instance, report the time period or geographic region
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Figure 6. Derivations of “padre” from “patrem” with Linguistic Phenomena Ontology

in which the phenomenon presumably took place. We addressed this issue by adopt-
ing the reification approach presented in [25], which closely resembles the modeling of
lemonEty:EtyLink individuals in lemonEty. In brief, both linguistic phenomena and their
occurrences are reified as distinct individuals. This allows them to become first-class cit-
izens of the knowledge domain, enabling further connections to other individuals and
classes to enrich their descriptions. To this end, we created two classes:

* liph:LinguisticPhenomenon for all the reified phenomena, and
¢ liph:LinguisticPhenomenonQOccurrence for the individuals representing their oc-
currences.

Then, occurrences of a phenomenon are connected to the individual representing it via
the functional property liph:occurrenceOf. Finally, each occurrence is bound to the
source and produced liph:LexicalObject through the functional properties /iph:source
and liph:target, respectively. All of these classes and properties are summarized by the
constraints listed in Table 2.

This modeling pattern is exemplified in Figure 7, which presents an encoding of the
derivation of Figure 2 in LiPh. This example illustrates an inferred /iph:derives property
assertion—indicated with a dashed arrow—relating the source and target of a phenomenon
occurrence. This inference results from the property chain constraint in the ontology,

which enforces our reification mechanism. In this way, liph:LinguisticPhenomenonOccurrence

instances can act as derivation members.

A straightforward consequence of this constraint, in conjunction with those concern-
ing liph:LexicalObject in Table 1, is that any linguistic phenomenon occurrence with an
liph:LexicalObject individual specified as source must have a target of the same class.

Further examples of this modeling pattern will be examined in the next section.



Table 2. Linguistic Phenomena Ontology reification constraints

liph:LinguisticPhenomenon M liph:LexicalObject = L
liph:LinguisticPhenomenonOccurrence M liph:LexicalObject = L
liph:LinguisticPhenomenon M liph:LinguisticPhenomenonOccurrence = L
Func(liph:occurrenceOf)
Func(liph:source)

Func(liph:target)
liph:LinguisticPhenomenonOccurrence liph:occurrenceOf).(liph:LinguisticPhenomenon)
liph:LinguisticPhenomenonOccurrence liph:occurrenceOf). T
liph:LinguisticPhenomenonOccurrence liph:source). T

C
C 3
C 3
C I(liph:target). T

liph:LinguisticPhenomenonOccurrence
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Figure 7. Reified representation of an occurrence of truncation
4.5. SPARQL Queries

This section is devoted to evaluating LiPh against the competency questions outlined in
Section 4.2. To this end, we present a set of SPARQL query examples that address them.

Query executions are illustrated with respect to a test dataset, shown in Figure 8,
which models the first derivation from Figure 4. In particular, two liph:LinguisticPhenomenon
individuals representing the lenition t > d and truncation phenomena are reported. Then,
two liph:LinguisticPhenomenonOccurrence individuals are used to represent the modi-
fication of “patrem” into “padrem” through lenition t > d, and of “padrem” into “padre”
through truncation, respectively. Finally, liph:LinguisticPhenomenonOccurrence indi-
viduals are appropriately bound to the corresponding liph:LinguisticPhenomenon ones.

Figure 9 lists the property assertions inferred from the test dataset, together with the
constraints present in Table 2 and Table 1. First, paterAcc is related to padrem, which is
in turn related to padre, through the liph:derives property, as a result of the property chain
constraint in Table 2. Next, paterAcc, padrem and padre are each related to themselves
due to the reflexivity of liph:derives. Finally, liph:derives also connects patremAcc and
padre, since it is transitive.

Now, consider the query [CQ1], which asks for the linguistic phenomena involved
in the derivations that transforms a specific etymon into a given lemma. The SPARQL
query below answers query [CQ1] for the case where paterAcc is the etymon and padre
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Table 3. SPARQL query matches

X 70 7p Ty

paterAcc ol  lenitiont>d  patrem

patrem 02 truncation padre

is the lemma, assuming that a reasoner is available and the constraints defined in Table
2 and Table 1 are enforced. This query can be easily generalized to any pair of etymon e
and lemma / by replacing paterAcc and padre with e and /, respectively.

PREFIX : <https://gallosiciliani.unict.it/examples/derivation#>
PREFIX liph: <https://gallosiciliani.unict.it/ns/liph#>

SELECT ?p WHERE {
:paterAcc liph:derives 7x .
70 liph:source 7x ;
liph:occurrenceQf 7p ;
liph:target 7y .
?y liph:derives :padre
3

When executed on the test dataset, this query returns the two matches listed in Table 3
and also depicted in Figure 10, corresponding to the expected linguistic phenomena
lenition t > d and truncation.

This query highlights that /iph:derives is suitable to be used as a place-holder for
derivation portions. This feature can be applied to [CQ2] to devise a SPARQL query to
retrieve all the etymon and lemma pairs such that the derivation from etymon to lemma
involves a specific phenomenon, say truncation.

PREFIX : <https://gallosiciliani.unict.it/examples/derivation#>
PREFIX liph: <https://gallosiciliani.unict.it/ns/liph#>

SELECT 7e 71 WHERE {

?e liph:derives 7x .

70 liph:source 7x ;
liph:occurrenceOf :truncation ;
liph:target 7y .

?y liph:derives 71

}

By virtue of the constraints defined in our ontology, this query is capable of extracting
all pairs (?e,?!) such that there exists a derivation from ?e to ?/ involving truncation.
Let us consider a generic derivation from ?e to ?/ consisting of n linguistic phenomenon
occurrences, where truncation is the i-th occurrence. This can be summarized in Turtle
as follows:

:ol liph:source 7e;
liph:target :x1;
liph:occurrenceOf :pl.



liph:LinguisticPhenomenon . .
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Figure 10. SPARQL query matches



:0i liph:source :x(i-1);
liph:target xi;
liph:occurrenceOf :truncation.

:on liph:source :x(n-1);
liph:target :71;
liph:occurrenceOf :pn.

The derivation paths from ?e to x(i-1) and from x i to ?/ are condensed by the following
two assertions:

7e liph:derives :x(i-1).
:xi liph:derives 71.

Thus, the SPARQL query is satisfied by associating ?x = x(i-1), 70 = o1, and 7y = xi.
In addition, the cases in which the considered phenomenon occurs at the beginning or at
the end of the derivation are handled by the very same query in light of the reflexivity of
liph:derives.

4.6. Finite-State Phenomena

Linguistic phenomena studied by researchers can often be described operationally. For
example, the linguist language feature fruncation illustrated in Figure 2 can be described
in a human-readable way by the following phrase:

remove the final “m”.

However, to foster information reuse, a machine-readable description is more desirable
when available. In particular, automatically-verifiable phenomena would enable auto-
mated compliance checks of linguistic phenomenon occurrences against their definitions.

Finite-state technologies have been proficiently applied to the modeling of phono-
logical phenomena, as shown in [29,19] and discussed in Section 2.

These technologies are grounded in the notion of regular relations (also known as
rational relations, see [30]), i.e., a generalization of the notion of regular language to
n-ary relations. For our purposes, it suffices considering binary relations, as our subject
of study are just phenomena relating pairs of lexical expressions. Thus, in what follows
we will use the term regular relation to indicate a regular binary relation. Analogously to
regular languages,” which can be recognized by finite-state automata, regular relations
are those that can be recognized by finite-state transducers, i.e., finite-state automata
equipped with two tapes, whose transitions are labeled with pairs of symbols rather than
single ones.

Our ontology provides the class liph:FiniteStateLinguisticPhenomenon, a subclass
of liph:LinguisticPhenomenon, to represent and provide executable descriptions of lin-
guistic phenomena that correspond to regular relations. Such a finite-state phenomenon
has to be specified in terms of

2Here the word “language” is used strictly to denote a set of strings of any alphabet.



Table 4. Finite-state Linguistic Phenomena constraints

liph:FiniteStateLinguisticPhenomenon C liph:LinguisticPhenomenon
liph:matchingPattern T liph:FiniteStateLinguisticPhenomenon x xsd:string
Func(liph:matchingPattern)

liph:replaceWith C liph:FiniteStateLinguisticPhenomenon x xsd:string
Func(liph:replaceWith)

liph:FiniteStateLinguisticPhenomenon T 3(liph:matchingPattern).(xsd:string)

liph:FiniteStateLinguisticPhenomenon T 3(liph:replaceWith).(xsd:string)

* aregular expression (see [31]), i.e, a sequence of characters that can match some
or none of the substrings of the written representation of a lexical expression, and
* areplacement, indicating how these parts will be modified.

The regular expression and the replacement characterizing a phenomenon are specified
by the two functional data-type properties /iph:matchingPattern and liph:replaceWith,
respectively. The regular expression syntax must conform the specification reported in
[32]. In contrast, replacements are plain strings, but may contain references to captured
subexpressions, as described in [33] and reviewed later in the text.

In short, if the regular expression matches either the entire parent expression or just
a substring of it, the phenomenon can be applied by replacing the matched portion as
specified by the liph:replaceWith property. For example, the phenomenon lenition t > d
presented in Section 4.1 could be described by a liph:FiniteStateLinguisticPhenomenon
individual with “t” and “d” as values for the liph:matchingPattern and liph:replaceWith
properties, respectively.

As anticipated before, regular expressions may contain subexpressions enclosed in
parentheses, known as captured expressions, which are numbered sequentially, starting
from 1. Captured expressions can be used in replacements: every occurrence of $z in a
replacement string will be substituted with the substring matched by the n-th captured
expression.

Captured expressions are a well-known feature of finite-state transducers. However,
to clarify their usage in our context, we provide an example, in Turtle syntax, related to
the phenomenon truncation introduced earlier:

prefix : <https://gallosiciliani.unict.it/ns/examples/validation#>
prefix liph: <https://gallosiciliani.unict.it/ns/liph#>

:truncation a liph:FiniteStatelLinguisticPhenomenon;
liph:matchingPattern "~ (.*)m$";
liph:replaceWith "$1".

Here, the regular expression contains a captured expression “(.*)” intended to detect
all the characters preceding the final “m”. These captured characters are then used as
replacement, so that the resulting string is the original minus the final “m”.

The modelling feautures introduced in this section are summarized using De-
scriprion Logic notation in Table 4, provided that xsd is the abbreviation for the prefix
http://wuw.w3.0rg/2001/XMLSchemat.

If a finite-state linguistic phenomenon is specified using these features, an automated
agent could easily verify whether any of its occurrences is compliant with its definition
or not. Let us describe how such an agent should operate by means of some examples.


http://www.w3.org/2001/XMLSchema#

Let lux, luce, and luxAcc be three instances of liph:LexicalObject with written rep-
resentations “lux”, “luce”, and “lucem”, respectively. It can be automatically determined
that the following phenomenon occurrence is not compliant with the definition of the
phenomenon truncation provided above, as the regular expression associated to frunca-
tion does not match any substring of “lux”:

:ol a liph:LinguisticPhenomenonOccurrence ;
liph:occurrenceOf :truncation ;
liph:source :lux ; # writtenRep "lux"
liph:target :luxAcc . # writtenRep "lucem"

Instead, the written form of luxAcc matches the regular expression characterizing the
phenomenon truncation. The only string that can be obtained from “lucem” by replacing
the $1 placeholder in the replacement string (which, in this case, constitutes the entire
replacement) with the captured string “luce”, matched by the captured expression (. *),
is “luce”. Thus, the following statement complies with the definition of truncation:

:02 a liph:LinguisticPhenomenonOccurrence;
liph:occurrenceOf :truncation;
liph:source :luxAcc ; # writtenRep "lucem"
liph:target :luce . # writtenRep "luce"

Conversely, any statement relating luxAcc to an individual whose written representation
differs from “luce” via the phenomenon truncation would violate the definition of the
phenomenon, as in the following example:

:03 a liph:LinguisticPhenomenonOccurrence;
liph:occurrenceOf :truncation;
liph:source :luxAcc ; # writtenRep "lucem"
liph:target :lux . # writtenRep "lux"

4.7. Comparison with the previous version

As mentioned in Section 1, a previous version of LiPh was presented in [5] and is avail-
able at the following URL.:

https://gallosiciliani.unict.it/ns/liph/1.2.0

In this section, we briefly discuss the differences and compatibility matters between
the previous version, in short called LiPh 1, and the version presented in this paper, which
we refer to as LiPh 2.

The core property of LiPh 1 was liph:linguisticPhenomenon, intended as a super-
property for all the linguistic phenomena. However, the property name is somewhat mis-
leading: as noted in Section 1 and reiterated in Section 4.1, the linguistic phenomena of
interest in our context are those that necessarily produce changes in lexical expressions.
Hence, they should be irreflexive. On the contrary, liph:linguisticPhenomenon has been
defined as a transitive and reflexive property just for technical reasons.

In LiPh 2, the property liph:linguisticPhenomenon has been replaced by the most
specific property liph:derives, representing chains of linguistic phenomena applications.



In contrast with liph:linguisticPhenomenon, the reflexivity of liph:derives is appropriate,
as it serves for modeling empty chains.

The liph:LexicalObject class remains mostly unchanged, but some issues related to
the ontolex:writtenRep domain constraint stated in OntoLex-lemon have been solved.

The chief innovation introduced by LiPh 2 is the reification of linguistic phenomena
occurrences described in Section 4.4. Indeed, linguistic phenomena can be still repre-
sented as object properties, so that linguistic phenomena occurrences have to be stated
as object property assertions. However, as reported in Section 4.4, the reification-based
approach is more general and beneficial.

As a consequence, the specification of finite-state phenomena differs in that, in
LiPh 1, regular expressions were attached to linguistic phenomena properties through
the annotation properties /iph:regex and liph:replacement, respectively, whereas in LiPh
2 they are attached to the individual representing the phenomenon by means of the
two object properties liph:matchingPattern and liph:replaceWith. This allowed us to
provide a more precise and valuable definition of finite-state phenomena thanks to the
liph:LinguisticPhenomenon class, whose instances have exactly one regular expression
and replacement (see Table 2). On the contrary, in LiPh 1, liph:matchingPattern and
liph:replaceWith are annotation properties, hence, they are excluded by reasoning tasks.

5. Linguistic phenomena for Gallo-Sicilian varieties

As already mentioned in Section 1, some Gallo-Italic varieties are spoken in Sicily as
a consequence of a medieval immigration from Northwestern Italy. These varieties de-
scend from the original Gallo-Italic varieties of Northern Italy, but have been affected by
a long-term contact with Sicilian.

We denote by Gallo-Sicilian varieties the Gallo-Italic varieties spoken in Sicily, and
refer to Gallo-Sicilian features as the set of linguistic phenomena that characterize these
varieties.

Several features of Gallo-Sicilian varieties, in particular those spoken in Nicosia,
Sperlinga, San Fratello, and Novara di Sicilia, have been identified [4,34]. Furthermore,
some of these features have been classified as typical of either Northern or Southern Italy.
This may be helpful in determining whether a Gallo-Sicilian lexical expression has been
inherited from a source Gallo-Italian variety, or it has been borrowed from Sicilian.

Using LiPh, a set of linguistic phenomena that occurred in borrowings of Sicil-
ian lexical expressions into Gallo-Sicilian varieties, relevant to the analysis of contact-
induced changes, have been collected in the Gallo-Sicilian Features Ontology, which will
be detailed in Section 5.3 . To explain the methodology used to identify these linguistic
phenomena, we first provide some background notions from linguistics.

5.1. Linguistic Background

We begin by briefly recalling some linguistic notions necessary to describe the method-
ology that will be presented in the next section (Section 5.2) for identifying and selecting
language features. As will become clear, this methodology is closely tied to phonetics
and phonology. As a consequence, most of the concepts and definitions introduced in
this section are expressed using the International Phonetic Alphabet (in short, IPA), as
described in [35].



In linguistics, “feature” is a generic term that identifies a recognizable characteristic
of a certain linguistic entity (phonemes, words, phrases, etc.) [36].

For instance, inflected words have different grammatical categories or features such
as gender, number, case, tense, mood, aspect, and so on, each of them having a set of
potential values. Nominative, genitive, accusative and singular, plural, dual are some
of the available values for the case and number features, respectively (see [37] for an
exhaustive discussion about grammatical features).

Similarly, at the phonological level, phonemes are distinguished from each other and
grouped into sound categories on the basis of their phonetic features. To give an example,
in Italian and English we can distinguish /p/ and /b/ through the voice feature, which is
specified by the values ‘voiced’ (or, in binary terms, [+voice]) and “‘unvoiced’ ([-voice]):
both segments are bilabial plosives consonants, but while /p/ has the value [-voice], /b/
is described as [+voice]. Since, in this case, the voice feature is relevant to the phonemic
definition of a phonic segment — namely, a segment that serves to differentiate meanings
in a particular language and is therefore opposed to another phoneme in the same syntag-
matic position (as in the Italian minimal pair [pasta(pasta);basta(enough!)]) — we can
say that this feature is a distinctive feature (see [38,39,40]).

However, it must be said that not all phonetic features are phonologically relevant.
For example, English has two types of voiceless plosives: [p" t" k"] [+aspirate] and [p t k]
[-aspirate]. The former can only occur in initial word position (as in pin [p"m]), whereas
the latter is found after a word-initial [s] (as in spin [spin]). The two different [p] appear
in different contexts — for this reason, [ph] is an allophone, i.e., a contextual variant of
the phoneme /p/ — and, consequently, the aspiration feature can be predicted depending
on the context of occurrence of the sound. Hence, aspiration, in contrast to voice, does
not serve to differentiate meanings in English and is considered a non-relevant or non-
distinctive feature, that is, a feature relevant only at the phonetic level (see [38,39]).

The difference between distinctive and non-distinctive features, as well as the differ-
ence between phonemes and phones allows us to introduce another crucial concept, that
of phonological rule. Since the same phoneme could correspond to several different pho-
netic realizations (as in the case of the English /p/, which corresponds to both [ph] and
[p]), according to generative phonology (see [41]), there exist processes transforming
phonological representations into phonetic representations, e.g., to determine the form of
a phoneme in a certain phonotactic context. These are precisely the phonological rules
or processes.

For example, in Italian there is a phonological rule of assimilation, described in [42],
whereby /n/ — [1] before a velar consonant, as in anca [agka] (hip) and fingo [fingo] (I
pretend).

Similarly, in the transition from Latin to Romance languages, the clusters -mb-, -nd-
have become -[mm]-, -[nn]-, respectively, in many Southern Italo-Romance dialects. For
example, the Latin gamba (leg) has become [jamm] in the Apulian dialect of Altamura
[43]. There was, thus, a diachronic rule, whereby /b/ and /d/ after the nasal consonants
/n/ and /m/ have totally assimilated to the preceding consonant (this rule, in fact, is
known as total progressive assimilation, see [44]).

The only distinction between the two rules just described is that the former is still
active in Italian, while the latter is no longer active in most dialects in which it is doc-
umented. This means that if new words containing the clusters /mb/ and /nd/ enter in
these varieties, these clusters will remain unchanged.



5.2. Gallo-Sicilian Features for Contact-Induced Changes

The Gallo-Sicilian Features Ontology presented here has been developed as part of a
broader effort to study contact-induced changes in Gallo-Sicilian varieties resulting from
long-term contact with Sicilian. At this stage, the study focuses on the written represen-
tations of canonical forms (i.e., lemmas) of both nouns and verbs, reported in [45], which
were borrowed from Sicilian, along with their corresponding Sicilian etymons, retrieved
from [46,47,48,49,50].

For these reasons, giving due consideration to the fact that ontology considers only
lemmas, not entire dictionary entries, we first selected phonological features that can
highlight phonological changes. In addition, as Gallo-Sicilian varieties have proved to be
very conservative at a phonetic-phonological level (see [4]), we did not test (at least for
now) the presence of Sicilian phonological traits into Gallo-Sicilian, but the preservation
of Gallo-Italic phonological traits, despite centuries of contact with Sicilian. These traits
are ultimately what we call Gallo-Sicilian features.

Specifically, we did not simply select features found in the inherited Gallo-Italic
lexicon (i.e., the results of diachronic phonological processes that occurred in Northern
Italo-Romance varieties), since this would have only phonetic relevance, showing a lexi-
calized phenomenon — namely, one that is not synchronically active. Instead, we focus on
those Gallo-Italic features found in lexical borrowings from Sicilian (e.g., nic. viadord
‘pack-leader’ ; sic. abbiaturi ‘id.”), where we observe two clearly Gallo-Italic traits: the
lenition of /t/ to /d/ and the preservation of a Northern Italo-Romance vowel system, as
shown by the development of tonic /u/ into /o/. In fact, only these features are phono-
logically relevant, since they allow us to demonstrate the presence of active phonologi-
cal processes — no matter whether still active today or only at one stage in the linguis-
tic history of Gallo-Sicilian — as well as the existence a phonological inventory differ-
ent from that of Sicilian. In this way, ultimately, it is possible to see how Gallo-Sicilian
phonological systems operate synchronically in contact with those of Sicilian.

5.3. Ontology Structure
All the items in the ontology belong to the following namespace:
Oprefix gs: <https://gallosiciliani.unict.it/ns/gs-features#>

The Gallo-Sicilian Features Ontology chiefly consists of individuals representing Gallo-
Sicilian features. We characterize these features as members of the novel subclass of
liph:LinguisticPhenomenon gs:GalloSicilianFeature. This would foster the reuse of these
individuals in scenarios involving also other feature sets.

Each of these phenomena is equipped with a finite-state executable description, as
detailed in Section 4.6. In this way, derivation chains involving these phenomena can be
automatically generated, and phenomena occurrences compliance can be automatically
verified.

Gallo-Sicilian features are grouped into ten families, encoded by the subclasses of
liph:LinguisticPhenomenon enumerated below:

e gs:Leniz for lenition, i.e., the softening of the intervocalic voiceless (both fricative
and plosive) consonants; >

31t can also be considered as “an increase in the vocalic nature of a segmen” (cf. [S1]).



* gs:Degem for degemination, i.e., the reduction of all long (or double) consonants
into short (or single) ones;

* gs:Assib for assibilation, i.e., the process by which non-sibilant consonants (typi-
cally plosives or affricates) change into sibilant sounds;

* gs:Dissim for dissimilation, i.e., the process by which “two adjacent segments that
share some features change to become less like each other” (cf. [51]);

 gs:Ditt for diphthongization, i.e., the turning of a stressed vowel into a diph-
thong, which is “a (functionally) single vowel that starts out in the position of one
monophthong and ends up in the position of another” (cf. [S1]);

* gs:Vocal for the adaptation of a loanword to the vocalic system of the receiving
language;

e gs:Afer for apheresis, i.e., the loss or deletion of one or more sounds at the begin-
ning of a word;

* gs:Palat for vocalic palatalization, i.e., the phonological process by which the
low, central vowel /a/ shifts towards a more fronted and sometimes slightly raised
position, typically resulting in a vowel like /&/, /¢/, or /e/, in a palatal or fronting
phonetic environment;

¢ gs:Elim for the elimination of some allophonic variants according to a specific
phonological context, such as the unstressed position;

e gs:Deretr for deretroflexion, i.e., the elimination of the retroflexed pronunciation
of a consonant.

All the aforementioned phenomena families are, to different degrees, well-known fami-
lies of linguistic phenomena, so that defining the corresponding classes as subclasses of
gs:GalloSicilianFeature would be inappropriate. In addition, notice that, for the purposes
of the present study, the family labeled as gs:Leniz also includes the nasalization of the
vowels in final position, which is another well documented phenomenon among different
languages of the world.

This arrangement is an example of how linguistic phenomena can be organized into
hierarchies to provide a fine-grained classification. Other well-known vocabularies such
as, for example, SKOS (see [52]) could be employed to organize phenomena into com-
plex classification systems. However, we preferred the canonical approach based on class
hierarchy, which brought with it all the consequences in terms of reasoning and inferred
information provided by the OWL model-theoretic semantics.

As an example of Gallo-Sicilian feature encoding, we report a turtle fragment with
the definition of the phenomenon changing “tt” to “t”.

gs:degem.2 a gs:GalloSicilianFeature ,
gs:Degem ;
rdfs:label "degem.2" ;
rdfs:comment "tt > t";
liph:matchingPattern "tt" ;
liph:replaceWith "t"

In this fragment, the phenomenon is represented by an individual gs:degem.2 belong-
ing to both gs:GalloSicilianFeature, characterizing all the Gallo-Sicilian features, and
gs:Degem, representing the phenomena family of degeminations. The regular expres-
sion, associated with the phenomena by means of /iph:matchingPattern, restricts this



feature to all “tt”. The value provided for liph:replaceWith indicates that each instance
of “tt” should be replaced with a single “t”. Notice that, despite it is not stated explicitly,
gs:degem.2 belongs to the class liph:FiniteStateLinguisticPhenomenon as well, in force
of the constraints in Table 4.

Based on the constraints in Table 1 and 2, and provided that some language expres-
sions and their derivations are encoded using the Linguistic Phenomena Ontology de-
scribed in Section 4 alongside the Gallo-Sicilian Features Ontology presented here, one
can retrieve, for example, all the expressions exhibiting features belonging to one of the
families enumerated above, assuming reasoning functionalities are available. In this case,
all the individuals corresponding to lexical expressions with features of a specific family,
say gs:Leniz, can be retrieved by the following SPARQL query:

PREFIX liph: <https://gallosiciliani.unict.it/ns/liph#>
PREFIX gs: <https://gallosiciliani.unict.it/ns/gs-features#>

SELECT ?7expression WHERE {
70 liph:target 7y;
liph:occurrenceOf 7p .
7p a gs:Leniz .
?y liph:derives 7expression

}

This query closely resembles the one presented in Section 4.5 concerning [CQ2], with
the only difference that it calls for all the phenomena in a specific family instead of
requesting a specific one.

6. Conclusions and Future Works

In this paper, we presented the Linguistic Phenomena Ontology, an OWL ontology based
on OntoLex-lemon, designed to represent changes in the morphology and pronunciation
of lexical expressions. We further extended it to model the linguistic phenomena charac-
terizing the Gallo-Italic varieties spoken in Sicily, with the aim of studying the etymology
of expressions borrowed from Sicilian.

Some aspects of the OWL encoding of linguistic phenomena proposed here require
further investigation.

First, as discussed in Section 4.1, we restricted our attention to phenomena that alter
the written representation of a lexical expression. However, changes in the written form
necessarily affect pronunciation, thereby altering the phonetic form as well. When not
explicitly provided, the phonetic representation of a lexical expression in any well-known
language can often be derived from its written form using language-specific grapheme-
to-phoneme conversion maps, when available. Examples include resources for English
and French as described in [53], or the conversion rules for the Gallo-Italic variety spoken
in Nicosia and Sperlinga, summarized in [45].

Despite ongoing research in automated grapheme-to-phoneme conversion (see, e.g.,
[53,54,55,56,57,58]), to the best of our knowledge, no attempt has been made so far to
encode such conversion systems in OWL.



Now consider a derivation (as defined in Section 4.1) from a source lexical expres-
sion in one language to a target expression in another. Even when grapheme-to-phoneme
conversion rules exist for both the source and recipient languages, the question remains:
how should we handle the pronunciation of intermediate forms within the derivation?
This becomes particularly challenging if the two languages assign different phonetic val-
ues to the same graphemes.

In addition, the application of our ontology to Computational Morphology (as men-
tioned in Section 2) appears promising and deserves further exploration.

Finally, future work may also include extending the ontology to cover semantic phe-
nomena, such as sense-shift, which represent an important dimension.
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