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Standards are documents that aim to define norms and common understanding of a subject by a group of people.
In order to accomplish this purpose, these documents must define its terms and concepts in a clear and
unambiguous way. Standards can be written in two different ways: by informal specification (e.g. natural
language) or formal specification (e.g. math-based languages or diagrammatic ones). Remarkable papers have
already shown how well-founded ontology languages provide resources for the specification's author to better
distinguish concepts and relations meanings, resulting in a better specification. This paper has the objective

?fﬁgf’ to expose the importance of truly ontological distinctions for standardizations. To achieve this objective,
Formal specification we evaluate a math-based formal specification, in Z notation, using a well-founded ontology language
Ontology for a telecommunications case study, the ITU-T Recommendation G.805. The results confirm that truly
OntoUML ontological distinctions are essential for clear and unambiguous specifications.

ITU-T Recommendation G.805

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

According to the Oxford Dictionaries’, a standard is “an idea or thing
used as a measure, norm, or model in comparative evaluations”. That is,
by means of comparative evaluations, a standard is something used by
human beings to provide a unique or equal interpretation over some-
thing in order to interoperate, communicate or deal about this thing.
Groups of people usually define standards in order to represent a com-
munity consensus. These standards are typically defined in informal
specifications - like the ones in natural language (e.g. English or
German) - or in formal specifications, which are the specifications
that use mathematical-based notation (usually logic-based), in a dia-
grammatic form or not, to create descriptions in a more precise way.

As stated by Guizzardi [1], the suitability of a language to create
specifications in a given domain depends on how “close” the structure
of the specifications constructed using that language resemble the
structure of the domain abstractions they are supposed to represent.
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Further, Guizzardi [1] also presents that the structure of a language can
be accessed via the description of the specification of the conceptual
model underlying the language, i.e., a description of the worldview em-
bedded in the language's modeling primitives. In Milton & Kazmierczak
[2], this is called the ontological metamodel of the language, or simply,
the ontology of the language.

Natural languages do not have a well-defined underlying conceptual
model, hence, these languages are notoriously ambiguous [3]. This
happens because this category of languages evolved by cognitive and
social demand through the centuries. The usage of natural languages
in standardizations may lead to a document with a series of deficiencies,
undermining its comprehension and use in interoperation, in decision-
making, or in problem solutions. Fig. 1 presents the different types of
ontological deficiencies that can occur in standards.

Ontological deficiencies can occur when the languages are built over
a not-well specified underlying conceptual model (the language's
metamodel). Apart from the natural languages, formal languages can
(and usually do) suffer from such a problem, even when the language
has a formalized underlying conceptual model. It must be made clear
that the existence of ontological deficiencies in a language is not only
related to the presence or absence of a formalization of the language's
underlying conceptual model: it is a matter of “how well specified”
this formalization is. A well-specified underlying conceptual model
should rely on a sound well-founded ontology (sometimes called
upper ontology), like the Unified Foundational Ontology (UFO) [1],
the Bunge-Wand-Weber Ontology (BWW) [6], or the Descriptive On-
tology for Linguistic and Cognitive Engineering (DOLCE) [7]. For
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Fig. 1. Ontological deficiencies. From [4], based on [1,5].

instance, as results of ontological evaluations [1,5], deficiencies have
already been identified in:

e diagrammatic languages, like the Unified Modeling Language
(UML) [1,8];

* computational ontology representation languages, like the Web

Ontology Language (OWL) [9]

enterprise or business languages, like the Reference Model of Open

Distributed Processing (RM-ODP) [10], or the Enterprise Systems

Interoperability (ESI) [11];

process modeling, like Petri Nets [12]; and

objective modeling languages, like i* [13].

Nevertheless, some authors (e.g., Bowen [14] and Spivey [15]) claim
that because a formal specification is precise (i.e., has a mathematical
definition), this means that even if a certain specification is wrong, it
is easier to identify and to correct the problem. The same authors
claim that, since an informal specification is often ambiguous, it
is more difficult to detect errors and subsequently put them right.
Additionally, just like stated by Bowen [14], with the use of formal
specifications, it is possible to reason about a system and detect incon-
sistencies in it far more easily than in the case where only an informal
specification is available. The use of such languages allows the designer
to verify if the system will behave as expected. In general, with the use
of formal languages, the likelihood of errors in a design is reduced and
errors may be pinpointed more easily [14].

Formal specifications may suffer from the ontological deficiencies
presented in Fig. 1 especially when dealing with real-world domain
modeling instead of design modeling. Making an analogy to the Model
Driven Architecture [16], formal specification languages are more
error-prone when dealing with Computational Independent Model
(CIM, or the “analysis model”) representation than when dealing with
Platform Independent Model representation or Platform Specific
Model representation. They are less error-prone because these two
last models are an adaptation of the reality for the intended system -
they are, respectively, the design model and the implementation itself -
the CIM does not deal about systems, but about the system's real-world
domain (e.g., a medical system is about diseases and treatments).

Using Guarino's classification of knowledge representation languages
[17], math-based formal languages have primitives that can be catego-
rized into the logical level (where primitives are propositions, predicates,
logical functions, and operators) and into the epistemological level,
which is the level of structure. Such categorization implies that
these knowledge representation languages are neutral as concerns onto-
logical choices. In fact, the ontological commitments of specifications
that use math-based formal languages remain implicit, hidden in the
mind of the specifications' authors [17], undermining comprehension
and reuse. The ontological distinctions of real-world domain entities

(e.g., rigidity, relational dependency) require a highly expressive
language to be captured, thus, they are not captured by ontologically-
neutral mathematical languages [1]. These expressive languages must
be built with meta-properties that capture these ontological distinctions,
and they must contain different constructs for different basic ontological
categories [17]. Representation languages conforming to this view
belong to Guarino's ontological level, which is the level of meaning [17].
Ontological level languages may commit to different ontological choices,
resulting in different capabilities of identification and operation of
ontological distinctions. However, the existence of such variation is
interesting, as different domains may require different modeling ap-
proaches (e.g., a portion of a real-world domain may be represented stat-
ically or dynamically, depending on the modeling's objective and future
application). In summary, especially in formalization of standards, the
modeler must rely on an ontologically well-founded language instead
of relying on a mathematical formal specification language. This happens
because the latter does not provide mechanisms to deal with ontological
issues in an appropriate way to represent complex domains.

According to Guizzardi et al. [9], the use of foundational concepts
that take truly ontological issues seriously is becoming more and more
accepted in the ontological engineering literature. In addition, the
authors state that, in order to represent a complex domain, one should
rely on engineering tools (e.g., design patterns), modeling languages,
and methodologies that are based on well-founded ontological theories
in the philosophical sense (see [18,19], for instance). Especially in
complex domains - i.e., domains with complex concepts, relations,
and constraints - and in domains with potentially serious risks
of interoperability problems (the domain specified in the ITU-T
Recommendation G.805 fits in both cases), a supporting ontology
engineering approach should be able to:

a. allow the conceptual modelers and domain experts to be explicit,
regarding their ontological commitments, which enables them to
expose subtle distinctions between models to be integrated and to
minimize the chances of running into a False Agreement Problem [20]

b. support the user in justifying their modeling choices and providing
a sound design rationale for choosing how the elements in the
universe of discourse should be modeled in terms of language
elements [9].

This marks a contrast to practically all languages used to develop
formal specification, including Z, B, Vienna Development Method
(VDM), and Alloy. As stated by Guizzardi et al. [9], although these
languages provide the modeler with mechanisms for building mathe-
matical structures, they offer no support neither for helping the modeler
on choosing a particular structure to model elements of the subject do-
main nor for justifying the choice of a particular structure over another.
Finally, once a particular structure is represented, the ontological com-
mitments that are made remain, in the best case, tacit in the modelers’
mind. In the worst case, even the modelers and domain experts remain
oblivious to these commitments [9].

An example of an ontologically well-founded modeling language is
the version of UML 2.0 proposed in Guizzardi's doctoral thesis [1] and,
thereafter, dubbed OntoUML. OntoUML real-world semantics is defined
in terms of several ontological theories, such as theory of parts, of
wholes, types and instantiation, identity, dependencies, unity, etc. How-
ever, in order to be as explicit as possible regarding all the underlying
subtleties of these theories (e.g., modal issues, different modes of
predication, higher-order predication), this language strives for having
its formal semantics defined in a logical system as expressively as
possible [9].

OntoUML has been successfully employed in a number of industrial
projects in several different domains, ranging from Petroleum and Gas
[9] to News Information Management [21]. In fact, it has been consid-
ered as a possible candidate for contributing to the Object Management
Group (OMG) Semantic Information Model Federation (SIMF)
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