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1.2

Introduction

The amount of lexical resources that are developed either as long-term repositories, or as
short-term products of NLP techniques, is growing significantly, posing the problem of
understanding their commonalities and their potential for reusability and interoperability. A
major concern for reusability and interoperability is the ability to control, both intellectually
and computationally, the semantics of the data that are contained in a lexical resource. Lexical
data semantics is usually left implicit, either because there is not a shared agreement on how
to represent that semantics, or because developers of lexical resources do not customarily
employ formal methods.
This article presents Semion, a metamodel1 for bridging lexical and formal semantics, thus
allowing the representation of relations (e.g. annotation, reuse, mapping, transformation, etc.),
which can hold between the elements of a lexicon (either established, like WordNet, or
created for local purposes), and the elements of a typed logical theory, e.g. an ontology.
Semion is based on a standard version of semiotics, and is applied to define metamodels for
lexical resources, such as a FrameNet (Baker, Fillmore and Lowe, 1998) metamodel
(OntoFrameNet2), and to introduce a formal method for lexical information integration.
Elsewhere (Gangemi, 2008b), Semion has been founded on an ontology of schemata (Lakoff,
1987, Johnson, 1987, Langacker, 1990, Talmy, 2003), where schemata are considered as
invariances that emerge from the co-evolution of organisms and environment, and that are
exemplified by neurobiological, cognitive, linguistic, and social constructs. That foundation
allows to liaise lexical and formal semantics with cognitive linguistics and construction
grammar. However, it is not described here for space reasons.
While specific relations between individual ontologies and lexica are addressed in literature
quite often, e.g. (Gangemi, Guarino, Masolo and Oltramari, 2003, Buitelaar, Choi, Gangemi,
Huang and Oltramari, 2007, De Luca, Eul and Nürnberger, 2007, Scheffczyk, Baker and
Narayanan, 2008, Huang, Calzolari, Gangemi, Lenci, Oltramari and Prevot, 2008), it is far
less usual to propose a metamodel to formally represent the liaison between lexical and
formal semantics. Metamodels have been proposed to abridge different lexical resources,
starting with OLIF (McCormick, Lieske and Culum, 2004), and recently with reference to
lexical semantics, as in LMF (Francopoulo, George, Calzolari, Monachini, Bel, Pet and Soria,
2006), where an attempt has been made to informally align some lexica under a same
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metamodel.3 Some steps towards linking lexica and ontologies have been also made in order
to manage lexicon reuse in ontologies (Pazienza and Stellato, 2006), multi-linguality in
ontologies (Peters, Montiel-Ponsoda, Aguado de Cea and Gòmez-Pèrez, 2007), as well as to
make cookbook-like transforms between syntactic patterns and formal constructs (Cimiano,
Haase, Herold, Mantel and Buitelaar, 2007).
Semion abstracts from individual interfaces, lexical standards or specific transformation
methods, by providing a semiotic ontology that covers both the intuitive semantics of
different lexica, and formal semantics. Formal semantics is a theory of meaning based on a
formal language and on its interpretation given by assigning a denotation (e.g. a set extension)
to each non-logical construct in that language. Semion is an appropriate metamodel, because
its constructs are intuitive enough in order to align the underlying assumptions of different
lexical resources, but they can also be made formal by applying a transformation pattern4 to a
formal semantic construct.
A notable advantage of this intermediate layer is that any interface or translation method can
refer to a unique intermediate level, without worrying about the intended conceptualization of
the data models used in the original lexical resources, or about how to access them. Moreover,
developers of lexical resources can continue developing their resources without changing
their workflow in order to stay tuned with e.g. semantic web applications, which require
different data models.
This article demonstrates the application of Semion by formalizing the metamodels needed to
integrate e.g. verb classes from VerbNet (Kipper, Dang and Palmer, 2000), frames from
FrameNet (Fillmore, Kay and O’Connor, 1988), synsets from WordNet (Fellbaum, 1998),
etc., and showing sample customizable translations to formal entities like frames (Minsky,
1975, Brachman, 1977), intensional relations (Guarino, 1998), content ontology design
patterns (Gangemi, 2005), etc.
Semion is compliant with the intuitive social meaning underlying lexical notions, while
retaining the possibility of mapping them to formal notions, which grants desirable
computational properties to lexical resources, specially in order to foster the achievement of a
generalized information integration, which is a main challenge e.g. for “Web Science”
(Berners-Lee, Hall, Hendler, Shadbolt and Weitzner, 2006) and the Linking Open Data W3C
project.4
Semion is built on top of the c.DnS ontology, which is described in section 1.2. In section 1.3,
Semion is introduced; in section 1.4, Semion-based metamodeling is exemplified with
reference to WordNet, FrameNet, and VerbNet; in section 1.5, mapping and transformation
patterns are exemplified.
1.2

The c.DnS ontology

c.DnS is represented in both first-order logic and OWL-DL (Bechhofer S., Harmelen F.,
Hendler J., Horrocks D., McGuinnes I., Patel-Schneider P. and Stein L.A., 2004), the Web
Ontology Language in its description logic variety.5 Here only the first-order version of c.DnS
is summarized as a foundation for Semion.
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The core structure for the c.DnS ontology is represented as a relation with arity=8 (see
(Gangemi, 2008°) for an axiomatization):

where D is the class of Descriptions, S is the class of Situations, C is the class of Concepts, E
is the class of Entities, A is the class of Social Agents, K is the class of Collections, I is the
class of Information Objects, and T is the class of Time intervals.
c.DnS classes are structured as follows: E is the class of everything that is assumed to exist in
some domain of interest, for any possible world.
E is partitioned in the class SE of “schematic entities”, i.e. entities that are axiomatized in
c.DnS (D, S, C, A, K, I), and the class ¬SE of “non-schematic entities”, which are not
characterized in c.DnS (e.g. T). Schematic entities include concepts, roles, relationships,
information, organizations, rules, plans, groups, etc. Examples of non-schematic entities
include time intervals, events, physical objects, spatial coordinates, and whatever is not
considered as a schematic entity by a modeller.
G is another subclass of E, and includes either schematic or non-schematic entities. Its
definition is: any entity that is described by a description in c.DnS.6
In intuitive terms, c.DnS classes allow to model how a social agent, as a member of a certain
community, singles out a situation at a certain time, by using information objects that express
a descriptive relation that assigns concepts to entities within that situation. In other words,
these classes express the constructivist assumption according to which, in order to
contextualize entities and concepts, one needs to take into account the viewpoint, for which
the concept is defined or used, the situation that the viewpoint “carves out” from the
observable environment, the entities that are in the setting of said situation, the social agents
who share the viewpoint, the community, of which these agents are members, the information
object by which the viewpoint is expressed, and the time-span characterizing the viewpoint.
The key notion in c.DnS is satisfiability of a description within a situation. Situations
(circumstantial contexts) select a set of entities and their relations as being relevant from the
viewpoint of a description (conceptual context). In mainstream terms, a situation is the
context in which a set of entities count as the concepts in the context of a description. The
countsAs relation (Searle, 1995), originally defined as holding between an entity, a concept,
and a generic context, is then revised in order to allow for two types of contexts, which are
orderly paired to entities and concepts.
For example, the relation:

saying that John counts as a student in a university context, can be refined in c.DnS as:
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i.e. that John ∈ E) in the circumstantial context of a university (JohnAtUniversity ∈ S), is a
student (Student ∈ C) according to the conceptual context of the rules of that university
(UniversityRules ∈ D).
The other classes in c.DnS represent two additional context types: informational, and social.
Informational contexts are the ones encompassing the information objects that are used to
express descriptions and concepts, for example the sentence:
John goes to the university

(1.4)

in the context of a family conversation about John respecting course duties gets appropriate
circumstantial and conceptual contexts, while a context like this resume of a TV episode in
which John is a policeman does not:
John goes to the university and while undergoing an MRI, they discover that he
has something metallic inside him which is preventing the MRI scan
(1.5)
Social contexts like communities, groups, etc., are the ones encompassing agents that
conceptualize entities. E.g. the online community of death metal fans could fit the conceptual
context of John as a university student, while a local group of knitted lace shawl makers is far
less typical.
c.DnS provides four context types (conceptual, circumstantial, informational, and social),
which are summarized in the class diagram of Figure 1.1. The classes involved in each
context types can be considered as the representation of “naturalized” counterparts of typical
abstract notions such as concept, relation, collection, information, etc. This naturalization
operates by firstly reifying the abstract notion, and then assuming that it is something that has
a lifecycle in the social world. For example, the concept “table” is an abstract entity, which is
formally represented as a class, but we can conceive of a story of that concept, its adoption,
social function and changes in different cultures, etc. The entity that has that story is the
naturalization of the abstract concept of a table.
Figure 1.1 also shows some relations between classes in the four context types, which are
actually some relevant projections of the c.DnS relation. Here the ones that are needed for
Semion are listed. For a more complete axiomatization, and technical details on how c.DnS is
applied in domain ontology projects, see (Gangemi, 2008°).
The following is the signature of the projections from Figure 1.1:
Πg.cdns = {defines, usesConcept, satisfies, classifies, about, describes, conceptualizes,
expresses, memberOf, isSettingFor, covers, characterizes, interpretedAs} (1.6)
The rationale for the introduction of projections is such that each projection implies the full
c.DnS relation, according to the axiom schema in 1.7.

Descriptions are schematic entities that naturalize (the reified intension of) n-ary, even
polymorphic, relations; for example, the give(x,y,z,t) relation (some x gives some y to some z
at time t) can be reified as D(giving). The axioms of the original relation, e.g. domain
restrictions, are reified accordingly, by using the defines or usesConcept relations. For
example,

Figure 1.1

The contextual bindings for the representation of a conceptualization in c.DnS (following the
OWL version of the ontology). Ovals denote classes, bold arrows denote subclass relations,
regular arrows denote relations holding between members of the linked classes. The cardinality of
a relation and its inverse is by default 0...*, except when indicated explictly.

In c.DnS, descriptions must be conceptualizedBy social agents, and expressedBy some
information object, i.e. they should be communicable (Masolo, Vieu, Bottazzi, Catenacci,
Ferrario, Gangemi and Guarino, 2004). Examples of descriptions include theories,

regulations, plans, diagnoses, projects, designs, techniques, social practices, etc. Descriptions
can describe entities. For example,

Descriptions, as any schematic entity, can be specialized (the reification of the formal
subsumption relation) and instantiated (the reification of the formal inclusion relation) by
other descriptions.
Situations are schematic entities that naturalize (reified) instances of n-ary relations; for
example, the relationship implicit in the sentence:
Mario gave a bicycle to Anna on Sunday

(1.12)

can be formalized as:

and can be reified as:

Similarly to conceptual axioms for descriptions, the assertional axioms for situations need
also to be reified accordingly, typically as elementary situations that are part of the complete
situation, e.g., if the assertional relation axiom: receives(Amelie, puppet) is reified as the
assertional class axiom: S(/Anna receives a puppet/), the following holds:

In c.DnS, situations must satisfy a description and are settingsFor entities, e.g.:

Examples of situations include facts, plan executions, legal cases, diagnostic cases, attempted
projects, technical actions. Situation classes project n-ary relation extensions into class
extensions. For example, the give(x,y,z,t) relation can be projected as the situation class
Giving ⊆ S, so that the following holds:

Concepts are schematic entities that naturalize (the reified intension of) classes; for example,
the Person(x) class can be reified as C(person). Concepts are defined or used in descriptions,
for example in order to reify the domains of n-ary relations. The axiom:

can be reified as

Concepts typically classify entities, e.g.

and can cover or characterize collections, e.g.:

Collections are schematic entities that naturalize the reified extension of classes; for example,
the {x1…xn} extension of class Person can be reified as K(personCollection), so that:

Collections are coveredBy or characterizedBy concepts, and can have members, e.g.

Collections capture the common sense intuition underlying groups, teams, collections,
collectives, associations, etc.
Social agents are schematic entities that personify other entities within the social realm:
corporations, institutions, organizations, social relata of natural persons. For example, the
natural person Mario can be personified as (MarioAsLegalPerson). Social agents must be
introducedBy descriptions, for example by legal constitutive rules (Searle, 1995); social
agents are also able to conceptualize descriptions.
Information objects are schematic entities that naturalize units of information: the character
Q, the German word Sturm, the symbol ⊗, the text of Dante’s Comedy, the image of Francis
Bacon’s Study from Innocent X, etc. Information objects express a schematic entity (se SE):
a description, a concept, a situation, a collection, another information object, or even a social
agent. For example, expresses(Sturm,Storm). Information objects can also be about other
entities, typically situations; for example,

Based on these projections, the axiom 1.27 formalizes the basic idea of an entity that is given
a unity criterion by being described by a description 1.27.

1.2.1

Metamodeling with c.DnS

In this section, the value of c.DnS for metamodeling is justified with reference to semiotics
and formal semantics, i.e. where the bridging between lexical and formal semantics is to be
expected.
Semiotics The expressive power of c.DnS lies at the level where semiotic activity of cognitive
systems occurs: where agents encode expressions that have a meaning in order to denote or
construct reference entities in the world. From this perspective (Peirce, C.S., 1958, Jakobson,
1990, Eco, 1975), c.DnS informational context matches the expression layer, circumstantial
context matches the reference layer, social context matches the interpreter layer, while all
contexts together, and especially the conceptual one, match the meaning layer. For example,
one can represent statements such as
When João says he’s rich, he means he has a lot of friends

(1.28)

which applies both referential and metalinguistic functions (Jakobson, 1990) in a same speech
act (Searle, 1969); João is an agent in the social context, and uses contextualized information
objects (“rich”) that have a contextualized meaning (“having a lot of friends”) and
contextualized circumstances (João’s linguistic act and his situation of having a lot of
friends). This is the case for most linguistic acts that are implicit in lexica, thesauri,
explanatory texts, web tags, etc.
As a semiotic-oriented ontology, c.DnS can be used to align and integrate models that have
heterogeneous semantics and (implicitly) encode different linguistic acts, e.g. different lexical
models: WordNet (Fellbaum, 1998), FrameNet (Ruppenhofer, Ellsworth, Petruck, Johnson
and Scheffczyk, 2006), VerbNet (Kipper, Dang and Palmer, 2000); different theories of
meaning: frame semantics (Fillmore, 1982), semiotic theory (e.g. (Eco, 1975)), formal
languages such as OWL (W3C, 2004); different texts: explanatory, metalinguistic; tagging
(e.g. in Web2.0 applications, (Gruber, 2007)) vs. topic assignment (e.g. in subject hierarchies,
(Welty, 1999)), etc.
A collection of examples for this integration task is collected under the LMM (Lexical
MetaModel) umbrella7 (Picca, Gangemi and Gliozzo, 2008), as a formal infrastructure for
“extreme information integration” over the Web. In section 1.3, c.DnS is extended with a
semiotic vcabulary specifically.
Formal semantics From a formal perspective, the basic intuition of c.DnS can be interpreted
in the context of a procedure of logical reification:8 a description can be understood as the
reification of 1) ρ ∈ T , with ρ being an intensional relation of any arity, either mono- or
polymorphic, and T being an ontology (a typed logical theory), and 2) the axioms α1...n that
characterize ρ (i.e. the sub-theory Tρ ⊆ T with α1...n ∈ Tρ).
On the other hand, situations result from reifications of (1) each of the individuals r1....n ∈ RI,
RI being the extensional intepretation of ρ, and of (2) the assertions a1...n that characterize ri in
accordance with the extensional interpretation of the axioms α1...n ∈ Tρ. A situation class is
consequently the reification of the set {r1,...,rn} where ri ∈ RI.9
So equipped, c.DnS is able to formally represent any lexical knowledge base. The most
complex lexical resource model is FrameNet’s, therefore the ability to represent FrameNet is
a good benchmark for c.DnS being appropriate as a foundation for a lexical metamodel.
FrameNet representation in c.DnS is ensured by the assumption that frames, schemata from
cognitive linguistics, patterns from knowledge engineering, etc. can all be considered as n-ary
relations, with typed arguments (either mandatory or optional), qualified cardinalities, etc. For
example,

An occurrence of a frame is straightforwardly treated as an instance of an n-ary relation, e.g.:
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The logical representation of frames as n-ary intensional relations is elegant and clear, but
hardly manageable by automated reasoners on large knowledge bases. A hard design problem
is constituted by the polymorphism of many n-ary relations, which can vary in number of the
arguments that can be taken by the relation. For example, the same frame Desiring can be
assumed with four arguments:

This problem was originally evidenced by Davidson with reference to a logic of events
(Davidson, 1967).
A formal semantics for frames that is also computationally manageable has been provided by
description logics (Baader, Calvanese, McGuinness, Nardi and Patel-Schneider, 2003). Due to
their limited expressive power – e.g. they can only represent relations with arity=2 – that is
balanced by desirable computational complexity properties, description logics represent
frames as classes, with roles (binary relations) that link a class to the types of the arguments
of the original n-ary relation. Those types are classes as well, so that a graph of frames
emerges out of this semantics. The example in 1.31 can be reengineered in DL as follows:

The computational features of description logics make them a reasonable choice to formally
represent linguistic frames, and this is the approach adopted by (Scheffczyk, Baker and
Narayanan, 2008). On the other hand, even the description logic solution is limited in
formalizing the metalevel conceptualization of frames and schemata. For example, the
intended semantics of FrameNet relations between frames, between frame elements, and
between frames and frame elements, lexical units, and lexemes is hardly representable in a
description logic.
Frames can be subframes of others, can have multiple linguistic units that realize them,
multiple lexemes that lexicalize those units, can have frame elements that are core or
peripheral, words can evoke frames, etc. Logically speaking, these are second-order relations,
and cannot be rebuilt into regular description logic semantics, which is basically first-order.
However, recent advancements in higher-order description logics (De Giacomo, Lenzerini
and Rosati, 2008) are very promising in order to represent the full range of frame-related
relations. See also section 1.4.1.
1.3

A semiotic metamodel

This section introduces Semion, an ontology that represents a semiotic pattern that dates back
at least to Peirce (Peirce, C.S., 1958) and Saussure (Saussure, 1906).
Peirce used a peculiar terminology, and the versioning of his theory is not trivial. Semion
encodes a pattern that basically conveys his mainstream ideas: meaning as a role, indirectness
of reference, and the dialogic nature of thinking. These ideas have slowly found their way into

the literature, and can be formalized by using c.DnS as a backbone.
Expressions are information objects used to express a meaning in context at some time. c.DnS
has contextualization as a primitive assumption in the grounded construction principle,
therefore each extension of it assumes a multi-faceted contextualization as depicted in Figure
1.1. The Expression class (that Peirce called “representamen”, and Saussure “signifiant”) is
minimally axiomatized by assuming that an expression is an information object that expresses
some schematic entity at some time, and is about some entity at that time:

Meanings are schematic entities that are expressed by an expression in context at some time.
The Meaning class (that Peirce called “interpretant”, and Saussure “signifié”) is minimally
axiomatized by assuming that a meaning is a schematic entity that is expressed by some
information object at some time, and allows the interpretation of some entity at that time:

References are entities, which an expression is about at some time. The Reference class (that
Peirce called “object”) is minimally axiomatized by assuming that a reference is an entity,
which an information object is about at some time, and which is interpreted according to a
schematic entity at that time:

Interpreters are agents, which conceptualize a meaning at some time in an ideal dialogic
context with other agents. The Interpreter class is axiomatized by assuming that an interpreter
is an agent, which conceptualizes a schematic entity in the context of a situation at some time,
which also involves another agent:

The situation of an interpreter conceptualizing a meaning evoked by an expression, in a
context involving another interpreter conceptualizing the same expression, is called here
linguistic act (LingAct). It is related to the notion of speech act from (Searle, 1969), and to the
notion of social act from (Reinach, 1983). Linguistic acts are implicit in the grounded
construction principle, where the interpretive activity of an agent generates two situations: the
observable one, and the linguistic one, which includes the agent in the loop. The LingAct class
is axiomatized by assuming that a linguistic act is a situation, in which two agents
conceptualize two meanings for a same expression at two given time spans, and referring to
two entities (the two agents, meanings, time spans and entities resp. are not necessarily

different).10 Before introducing the class of linguistic acts, the maximal Semion relation is
shown, which leverages the c.DnS “construction principle” (Gangemi, 2008°) and the
previous definitions:

So characterized, an instance of the Semion relation is an occurrence of the semiotic pattern in
a community of agents that share some common knowledge.
Now, the LingAct class is introduced directly by assuming the Semion relation:

The Semion approach is pragmatic, in the spirit of Peirce’s: a meaning can be any schematic
entity, including expressions, concepts, descriptions, collections, or situations, or even a nonschematic entity. Therefore, any linguistic act is easily representable by specializing the
axiom 1.38. For example, the act performed by lexicographers, by which expressions have
other expressions as their meanings specializes (Mea ⊆ SE) as (Mea ⊆ I). Cognitive theories
of meaning, which defend the individual dimension of meaning, can be represented by
specializing the axiom 1.38 as (Mea ⊆ E). Frame semantics (section 1.4.1) can be represented
by specializing 1.38 as (Mea ⊆ D). Extensional formal semantics can be represented by
specializing 1.38 as Mea ⊆ K, etc.
Moreover, indirectness of reference can be defended or not in some theory of meaning, but in
Semion, any such theory can be represented: if some form of conceptualism is taken, the
isAbout relation can be used with a dependence on a meaning as a mediator; in some form of
referentialism, it can be applied directly.
Semion-based models, as exemplified in section 1.4.1, can be transformed into (formal)
ontologies by applying a transformation pattern. Since c.DnS leverages logical reification, its
de-reification is already a transformation pattern; whenever a customization is needed,
different patterns can be defined and applied, and the formal choices made are then explicitly
represented. See section 1.4.3 for an example.
Since any kind of linguistic act (for example, explanatory text, lexicographic metalanguage,
document tagging or indexing, etc.) can be represented as an instantiation of the LingAct
class, the coverage of Semion is very broad, and ready to apply within any information
integration task, for example over the Semantic Web by using its OWL version.11
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1.4

Applying Semion to lexical resources

In this section, the application of Semion to some lexical resources is exemplified. Section
1.4.1 describes a part of the FrameNet metamodel based on Semion, and how it allows to
create a formal version of FrameNet, called OntoFrameNet. In section 1.4.2 the same
procedure is applied to VerbNet and WordNet. In section 1.4.3 Semion is applied to mapping
and transformation examples.
1.4.1

OntoFrameNet

FrameNet is a lexical knowledge base, which consists of a set of frames, which have proper
frame elements and lexical units, expressed by lexemes. Frame elements are unique to their
frame, and can be optional. An occurrence of a frame consists in some piece of text whose
words can be normalized as lexemes from a lexical unit of a frame, and which have semantic
roles dictated by the elements of that frame. A frame can occur with all its roles filled, or not.
Frames can be lexicalized or not. The non-lexicalized ones typically encode schemata from
cognitive linguistics. Frames, as well as frame elements, are related between them, e.g.
through the subframe relation. FrameNet contains more information, related to parts of
speech, semantic types assigned to frames, elements, and lexical units, as well as other
metadata.
A complete reengineering of FrameNet (version 1.2) as a c.DnS extension can be found in the
OWL version of OntoFrameNet.12 OntoFrameNet is based on c.DnS, therefore all FrameNet
data are put in the same domain of quantification, by using a reified higher-order approach.
This transformation allows to preserve the original schema of the knowledge base, without
any loss of information. A limitation is that the automated reasoning over OntoFrameNet
occurs mainly at the OWL ABox level, the assertional part of an ontology, (Baader,
Calvanese, McGuinness, Nardi and Patel-Schneider, 2003). Anyway by using the full set of
semiotic ontologies in the LMM umbrella (Picca, Gangemi and Gliozzo, 2008), a custom
translation of selected parts of OntoFrameNet to a TBox can be performed with an explicit
semantics (cf. section 1.4.3 below).
The backbone of FrameNet is the notion of a Frame. As the authors pragmatically state
(Ruppenhofer, Ellsworth, Petruck, Johnson and Scheffczyk, 2006): “with enough time to
make a truly in-depth analysis of the data, and enough data to make an exhaustive account of
the language, then undoubtedly each lexical unit could be given its own unique description in
terms of the frames and/or subframes which it evokes. The situation is, in a sense, worse than
the question suggests: it isn’t that every word has its own frame, but every sense of every
word (i.e., every lexical unit) has its own frame. It’s a matter of granularity. Instead, we are
sorting lexical units into groups in the hope that they permit parallel analyses in terms of
certain basic semantic roles, i.e., the frame elements that we have assigned to the frame. This
allows us (1) to make the sorts of generalizations that should be helpful to the users
mentioned above and (2) to provide semantically annotated sentences that can exemplify
paraphrase relations within given semantic domains.”
In practice, FrameNet is trying to find schematic invariances in the conceptual structures of
12
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linguistic usage, in order to reduce the complexity of expliciting all the schemata applicable to
each word sense. This hypothesis is compatible with the cognitive linguistics paradigm, with
intensional relations in formal semantics, as well as with the c.DnS reified relational ontology.
The core OntoFrameNet metamodel consists of the following relation (1.43):

For example:
FrameNetRel(F_Desiring, FE_Event_3363, StateOfAffairs,
LU_desire.v_6413, LEX_desire_10357)
(1.44)
The projections of the frame relation characterize its arguments further: for each frame there
are one or more elements, but each element is unique to one frame. For each frame there are
one or more lexical units (senses), but each unit is unique to a frame. For each frame, frame
element or lexical unit there should be a semantic type (in the core relation, only the type of
the frame element is mandatory). Moreover, several relations create further ordering between
frames, and between frame elements. Unfortunately, FrameNet data are not complete: for
example, many frame elements are still missing a semantic type.
In OntoFrameNet, besides formalizing the metamodel and creating inverse projections where
needed, some additions have been implemented; for example, a generic frame element has
been created for sets of frame elements with the same name: in this way it is possible to run
more sophisticated queries in order to measure frame distance (e.g. finding those sharing two
generic frame elements except Space and Time). Moreover, situations corresponding to
occurrences of frames in the interaction with the environment, as expressed by textual
sentences (e.g. those annotated in PropBank with frames and frame elements), have been
given room in a newly created class (FrameOccurrence).
The alignment is summarized as follows, and a shortened axiomatization is presented in
axioms 1.45 and on. Frames are aligned as meanings in Semion, and since frames have a
relational structure (as conceptual contexts), they are more specifically aligned as descriptions
(reified intensional relations).
The relations between frames have been aligned consequently: the frame inheritance relation
as c.DnS specialization, the subframe relation as proper part, etc.
The evokes relation between lexemes or lexical units, and frames is aligned to the evokes_r
relation.
Frame elements are “FEin” a frame, and are aligned as meanings, and as concepts (uniquely)
defined in a frame.
Lexical units are aligned as meanings, and as descriptions, expressed by a specific collection
of lexemes, which is also a reportable construction.
Lexemes are aligned as expressions.
Occurrences of frames are aligned as situations that are expressed (evoked_r) by expressions
(as sentences).

Superficially, the linguistic act involved in FrameNet consists in a metalinguistic function
(Jakobson, 1990), typical of lexica, dictionaries, etc., in which an agent assigns meanings to
expressions, and the observable situation of the act is a linguistic situation. On the other hand,
frame semantics tries to reach out to language usage, not only to an abstract characterization
of linguistic items; as a matter of fact, frame occurrences, as denoted by annotations made
over the PropBank corpus, are real world situations (explanatory, expressive, etc.), not
metalinguistic ones. This hybrid nature of frame semantics distinguishes it from e.g.
WordNet-based annotations of corpora, where real world situations cannot be denoted in a
relational way.
While other lexical resources, such as WordNet and VerbNet, have not the same
groundedness as FrameNet, nonetheless they are widely used and contain a lot of reusable
content that can be combined effectively with FrameNet.
1.4.2

OntoVerbNet and WordNet

VerbNet (Kipper, Dang and Palmer, 2000), has a different metamodel from FrameNet; it is
focused on verb syntax and semantics, rather than frame semantics, which abstracts out of
parts of speech. A new metamodel (called OntoVerbNet) has been created, which is shown
partly in the maximal semantic relation 1.56 (some names from the original relational
database schema have been changed for readability):

For example:

The OntoVerbNet interpretation over VerbNet represents different lexical semantics for each
“verb class”, trying to catch the basic semantic structure of VerbNet, consisting of typed
arguments holding for a predicate in a “frame” that contributes to the complete semantics of a
verb class; frames also have syntactic constructs applicable to the verb, to which the frame is
applied.
In the example 1.58, the verb class battle has a frame (including both syntactic and semantics
specifications), with some predicates (social_interaction, conflict, about), each having
arguments (e.g. Actor1), with a category (e.g. animate). One or more verbs are member of the
verb class. For each verb class, more than one frame for a verb class, predicate for a frame,
and argument/category for a predicate can be asserted.
VerbNet relies on a small amount of primitives (about 100 predicates, 70 arguments and 40
categories in version 2.1) to account for the semantics of verbs. No assumption of uniqueness
of arguments or predicates for a frame are made. The VerbNet approach is therefore closer to
traditional linguistic theories, and it is not trivial to match it to FrameNet construction
grammar. Here some alignment suggestions are shown13 which can help on achieving that
task:

13

http://www.ontologydesignpatterns.org/ont/lmm/ovn2lmm.owl

In practice, a VerbNet predicate is comparable to a FrameNet frame, but it is not unique to a
verb class, while a VerbNet argument is comparable to a FrameNet frame element, but again
it is not unique to a predicate. The semantic part of VerbNet frames is comparable to a
composition of FrameNet frames. These differences are due to the fact that VerbNet focuses
on verb classes rather than on conceptual structures.
On the other hand, based on OntoFrameNet and OntoVerbNet, it is easier to compare the two
lexical knowledge bases on a formal basis, e.g. by restricting the matching to VerbNet
arguments against FrameNet generic frame elements, or by finding recurrent arguments in
VerbNet predicates, and trying to approximate core predicate structures.
Now, since FrameNet frames can be matched against VerbNet predicates, one can check the
consistency between core frame elements and arguments shared across the predicates that
hold for different verb classes. Moreover, FrameNet frames can be matched against
VNFrames: we will check the consistency of the about 100 predicates from VerbNet as a toplevel for FrameNet frames.
VerbNet arguments seem to match frame elements: in that case, argument categories can be
matched to or used to populate FrameNet semantic types for frame elements when missing.
Whatever matching pattern is taken, one will know what entities are involved in the matching,
and what consequences will derive. For example, VerbNet arguments are not unique to
predicates, while frame elements are unique to frames, therefore it is more appropriate to
match OntoVerbNet arguments with OntoFrameNet generic frame elements.
Additional metamodels can be added in order to add new matching possibilities in lexical
resource integration. WordNet is a first-class candidate because it is extensively used, its
metamodel is already built, and an alignment is straightforward, e.g. the Synset class can be
aligned as in axiom 1.73, and it can be used to feed argument and frame element with

semantic types of a finer granularity. VerbNet categories can then be matched against synsets,
and possibly proposed as an alternative top-level for synsets, comparable to WordNet lexical
names, also known as “super-senses”. The following sample axioms make it viable to map
VerbNet categories to super-senses, synsets to super-senses, and therefore synsets to
categories:

1.5

Mapping and transformation patterns

Comparison between Semion-based elements can be formalized by defining appropriate
relations, which are used as mapping patterns between elements from different lexical
resources:

for example, based on the mapping pattern in 1.79, one can safely assert that a certain generic
frame element abstracted from FrameNet, e.g. ofn:Agent, is mappable to a VerbNet argument,
e.g. ovn:Agent:

Finally, a sample transformation pattern shows how Semion constructs (e.g. a (Mea ∩ C))
can be transformed to some formal semantic construct, e.g. a Class:

When adopting axiom 1.81, we accept that any lexical resource element x that is an instance
of a lexical resource element type aligned to (Mea ∩ C) can only be encoded as an ontology
element y that has Class semantics, e.g. an owl:Class (in the Web Ontology Language).
Therefore, by adopting 1.81, we also assume that all FrameNet, VerbNet, or WordNet
elements that are instances of element types aligned to (Mea ∩ C) must be encoded as classes,
so that formal operations on them will be founded on a(n adopted) shared semantics.
Appropriate recipes including transformation patterns can be used to manage large integration
scenarios on heterogeneous lexical knowledge.
1.5
Conclusions
This article introduces a formal method to represent the intended semantics of lexical data,
and to reconcile it with formal semantics, in a customizable way. The method described
employs the flexibility and expressive power of c.DnS, a ontology of contexts and schematic
entities. Based on c.DnS, a metamodel for lexical data, called Semion, has been explained,
and exemplified on well-known resources like WordNet, VerbNet and FrameNet. Mapping
and transformation patterns have been exemplified as well.
Current work on Semion is focused on its extension to heterogeneous resources that contain
lexical data, such as DBPedia and DMOZ, and on devising Semion plugins that describe the
model underlying typical NLP tasks, such as taxonomy induction, frame detection, latent
semantic indexing, word sense disambiguation, etc. Application work concentrates on largescale data integration, where different datasets are aligned to Semion by means of appropriate
metamodels.
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