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Abstract—Traditionally, instances of attributes in conceptual 

modeling languages are associated to values like “1,86”, “small” 
or “John”. But what do such values mean? What is the real-
world semantics behind these attributes and their values? An 
approach to improve the semantics of conceptual modeling 
languages is to ground them on ontological theories. Following 
this strategy, over the last decade, the foundational ontology UFO 
has been applied to create the OntoUML modeling language, an 
ontologically well founded version of UML. In the current work 
we present extensions to UFO in order to improve the ontological 
foundations concerning value spaces by employing the notion 
Semantic Reference Spaces. A concrete application of this theory 
is presented, applying the proposed UFO extensions to ground an 
ontologically founded version of (Onto)UML Datatype classes. A 
prototype editor of the proposed extension to OntoUML is also 
presented in order to illustrate the applicability of the ideas 
discussed here.  

Keywords—Ontological Foundations; Conceptual Modeling; 
Datatypes; Reference Spaces; Conceptual Spaces 

I.  INTRODUCTION 
Conceptual modeling is the activity that aims at capturing the 
essence of a particular domain of reality for the purpose of 
understanding and communication. In order to support 
conceptual modeling, languages like UML and ER are used, 
originating artifacts known as conceptual models. A major 
problem related with these languages, particularly with UML 
is that they are software oriented, i.e., closer to 
implementation in software and not expressive enough to fully 
capture the required knowledge about the domain.  

An approach that attempts to improve the semantics of 
conceptual modeling languages consists in using ontological1 
principles as rules and guidelines to model real world domains 
[1, 2]. Another approach in the same direction but more tied to 
ontological theories consists in grounding modeling primitives 
directly in ontological concepts. With the later goal in mind, in 
a long term research program, the Unified Foundation 
Ontology (UFO) has been employed for the evaluation and re-
design of UML, originating the OntoUML modeling language 
[3]. OntoUML is an extension of UML and incorporates some 
of the UFO axioms as syntactic constraints in its metamodel. 
An important advantage of such an approach consists in 

                                                           
1  In this context, Ontology should be interpreted as a philosophical 

theory that aims to explain a system of categories and their ties underlying a 
system of representations. 

enabling modeling tools to develop functionalities for model 
checking and validation against syntactic errors [4], simulation 
of model instances [5, 6] and the application of ontological 
design patterns as modeling primitives [7], resulting in models 
with higher domain appropriateness, i.e., faithfulness w.r.t. 
the intended conceptualization of domain being modeled. The 
systematic use of these modeling tools can support the 
engineering of conceptual models in a way that the only 
possible instances of the produced models are the ones that 
represent ontologically admissible state of affairs [5]. Over the 
years, OntoUML has been successfully employed in a number 
of industrial projects in several different domains, ranging 
from Petroleum and Gas [8] to News Information 
Management [9]. In fact, recently, it has been considered as a 
possible candidate for contributing to the OMG SIMF 
(Semantic Information Model Federation) standardization 
request for proposal [10] after a significant number of 
successful applications in real-world engineering settings [11].    

Although UFO provides foundations for classes, relations, 
weak entities, attributes and value spaces in OntoUML, the 
ontological distinctions concerning the semantics of value or 
Datatype based attributes can be improved. Currently, the 
ontological counterpart of value based attributes (termed 
quality, detailed in the next sections) is not explicitely present 
in the syntax of OntoUML and, differently from other UFO 
concepts, the axiomatic concerning value spaces is not present 
either. Basically, OntoUML has its core constructs grounded 
in UFO but it relies in the same infrastructure of software 
oriented modeling for representing qualities and their value 
spaces, namely attribute functions and Datatypes. We 
advocate that the concept of quality should be explicitly 
present in OntoUML and the semantics behind its value spaces 
made clear. These distinctions have a positive impact on the 
modeling language since they can be used to enrich the 
semantics of other language constructs. Once the semantics 
behind qualities, its values and value spaces in OntoUML is 
made explicit, it is possible to compare qualities, constrain 
formal relations based on the poperties of the value space 
(e.g., John being-older-than Peter), establish mappings of 
values among different value spaces and calculate similarity 
among entities based on their qualities.  

Another point addressed in our research consists in 
properly referencing the values of qualities. In order to be 
communicated, values of qualities need to be referred by 
lexical elements like “1,86” and “small”. But these lexical 



elements alone have little or no meaning; they need to have 
their meaning grounded somewhere else. The Semantic 
Reference Spaces theory proposed by Probst [12] offers a 
framework for dealing with what is known as the symbol 
grounding problem [13], i.e., assigning meaning to symbols. 
As discussed in [12], the lack of proper grounding for these 
quality values is a major source of semantic interoperability 
problems. We consider the application of the semantic 
reference spaces theory as a mean to refer to quality values 
and at the same time to give an ontological interpretation to 
standard UML Datatypes, which are currently used in 
OntoUML to represent value spaces. 

In this paper we continue the work started in UFO towards 
the ontological foundation of qualities and extend these new 
ontological commitments and axioms to OntoUML. Our 
ultimate goal is to improve the distinctions in OntoUML 
concerning value spaces in such a way that: a) OntoUML is 
free from a purely software oriented infrastructure concerning 
value spaces for qualities; b) allowing the modeler to better 
model and constrain the value spaces for the qualities being 
modeled. This paper is structured as follows: in section II, we 
review some of the core concepts of UFO and the Semantic 
Reference Spaces theory, contextualizing the work for the 
discussions in the sections that follow. In section III, we 
present extensions to some key categories of UFO and 
introduce new categories that are needed for enriching the 
semantics of value spaces. In section IV, we present the case 
study concerning the application of the proposed extensions to 
create an ontologically well founded version of Datatypes in 
OntoUML. Also in session IV the prototype of an integrated 
editor for OntoUML is presented to illustrate the applicability 
of the ideas discussed here to support conceptual modeling. In 
session V, we compare our work to similar approaches and, in 
session VI, we conclude this work, considering future research 
directions. 

II. BACKGROUND 
The Unified Foundation Ontology (UFO) offers an 

ontological framework based in philosophical, psychological 
and cognitive theories that can be used to design and evaluate 
conceptual modeling languages, according to an ontological 
world view. UFO provides a category system that reflects 
nuances of reality such as principle of identity, properties, 
part-whole relations, different modes of dependence and 
modality that are hardly made explicit in the semantics of 
conceptual modeling languages like UML, ER and OWL [3]. 
The core of UFO can be exemplified by the so-called 
Aristotelian Square (Fig. 1), also known as the four category 
ontology, where there are Object Universals, Objects, Moment 
Universals and Moments.  

 

A fundamental distinction in this ontology is between the 
categories of Individual and Universal.  Individuals  are  
entities  that  exist  in  reality  possessing  a  unique  identity. 
Universals, conversely, are pattern of features which can be 
realized in a number of different individuals. The word 
Moment is derived from the german Momente in the writings 
of E. Husserl and it denotes, in general terms, what is 
sometimes named trope, abstract particular, individual 
accident, property instance.Thus, in the scope of  this work, 
the term bears no relation to the notion of time instant in 
colloquial language. Typical examples of moments are: a 
color, a connection, an electric charge, a social commitment. 
An important feature that characterizes all moments is that 
they can only exist in other particulars (in the way in which, 
for example, electrical charge can exist only in some 
conductor). To put it more technically, we say that moments 
are existentially dependent on other individuals (named their 
bearers). Examples of objects include ordinary entities of 
everyday experience such as an individual  person,  a  dog,  a  
house,  a  hammer,  a  car,  Alan  Turing  and  The  Rolling 
Stones but also the so-called Fiat Objects such as the North-
Sea and its proper-parts and a non-smoking area of a 
restaurant. In contrast with moments, objects are existentially 
dependent entities. 

Moments are further categorized in Qualities and Modes. 
Qualities are objectification of object properties which can be 
directly evaluated (projected) into a certain value space 
(depending on the type of quality, i.e., on the quality 
universal). Examples of qualities include mass, height, electric 
charge and color. An important aspect of qualities is that they 
can (as much as objects) endur maintaining their identity even 
through qualitative changes. For example, when state that the 
color of an apple is changing, we do not mean that red is 
changing. From a cognitive perspective, we countenance the 
existence of an entity which is existentially dependent on that 
apple and which can qualitatively change from greenish to 
reddish and then to brownish, while maintaining its identity. In 
contrast to qualities, Modes are moments which cannot be 
directly evaluated in terms of single value space. Examples of 
modes include beliefs, intentions, goals and dispositions (e.g., 
the disposition of a magnet to attract electric material).  

Quality universals are always associated with value spaces 
or quality structures that can be understood as the set of all 
possible regions2 that delimits the space of values that can be 
associated to a particular quality universal. Moreover, quality 
structures can provide ordering for these values, allowing the 
comparison of qualities associated with the same or equivalent 
quality structures. For example the height quality universal 
can be associated with a quality structure isomorphic to the 
positive halfline of real numbers, thus, defining the set of all 
possible values for particular heights. Making qualities 
comparable is a requirement for the establishment of formal 
relations that are based in the entities’ qualities like older-

                                                           
2  In the literature is common to use the term magnitude to refer to the 

quality intensity or amount in some object. We use the term region instead of 
magnitude at this point in order to allow a more general definition, since we 
consider that there are qualities that cannot be associated with magnitudes but 
can be associated with regions in an abstract quality structure. 

 
Fig. 1. The four category ontology 
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TABLE I.  OPERATIONS AND FORMAL 

Scale Operations Sample F

Ordinal rank-order harder-than

Interval equality of intervals hotter-than

Ratio equality of ratios heavier-than

Nominal equality namesake-o
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is an approach more intuitive and tied to the real world. b) 
Concerning the use of such distinctions in OntoUML, we 
believe that the formal specification of meta-properties of 
quality structures would not have practical use yet. 

D. Reference Structures and Reference Regions 
In order to allow quality regions to be associated to lexical 
elements like “1,86”, “small” or “John” we introduce the 
categories reference region and reference structure, in analogy 
to Probst’s categories with the same name [12]. Reference 
structures can be defined as sets of reference regions which 
are grounded by quality regions. Other possible interpretation 
for reference structures is seeing them as scales for qualities. 
Reference regions are the link between quality regions and 
lexical elements, allowing the communication about qualia 
approximated by the quality regions. The categories Reference 
Structure (RStruct), Reference Region (RReg), Lexical 
Symbol (LSym) are formalized in the following: ݏ׊ ቀݏ ׸ ՜ ݐܿݑݎݐܴܵ ݎ൫ݎ׌  ׸ ܴܴ݁݃ ר ,ݏሺ݂݋_ݐݎܽ݌ ݎሺݎ׊ ሻ൯ቁ  (6)ݎ ׸ ܴܴ݁݃ ՞ ݏሺݏ׌ ׸ ݐܿݑݎݐܴܵ ר ,ݏሺ݂݋_ݐݎܽ݌ ݎ׊ሻሻሻ  (7)ݎ ቆݎ ׸ ܴܴ݁݃ ՜ ݍ൫ݍ׌  ׸ ר ܴ݃݁ܳ ,ݎሺݏ݀݊ݑ݋ݎ݃ ר ሻ൯ݍ ሺ݈ሻ݉ݕܵܮ൫݈׌  ר  ,ݎሺݏ݁ݐ݋݊݁݀ ݈ሻ൯ ቇ (8) 

 We distinguish the reference structures and reference 
regions according to the quality structure which they are 
associated to. This gives rise to the categories Measurement 
Reference Structure, Measurement Reference Region, 
Nominal Reference Structure and Nominal Reference Region. 
This distinction is motivated by the nature of the reference 
spaces: measurement reference spaces are often denoted by a 
set of symbols, e.g. {1, 2, 3, 4, 5, 6, 7, 8, 9, 0} or {I, V, X, L, 
C, D, M} and specific composition rules to form the lexical 
elements that denote quality regions. A single measurement 
quality structure can be partitionated in many ways, therefore 
originating different scales, e.g. time in days, hours and 
minutes. Nominal reference spaces are similar in the sense of 
having a set of symbols like the English alphabet, but differ in 
the composition rules of lexical elements and in the 
operations. In other words, measurement reference structures 
act like scales grounded by quality structures while nominal 
reference regions only pose as naming structures. We do not 
further investigate lexical elements in this work, although it is 
assumed that every reference structure follows some rule for 
denoting its reference regions by lexical elements.  

 Since reference structures are isomorphic to quality 
structures (that is, has the same number of dimensions and its 
reference regions have the same length of the of the associated 
quality structure), we further classify measurement reference 
structures with base on the number of dimensions of the 
quality structure they are associated with. This gives rise to the 
categories Measurement Reference Dimension a Measurement 
Reference Domain. The same principle is applied to reference 
regions, although we consider only nonatomic quality regions 
for the purpose of reference, therefore originating the 
categories. Measurement reference structures are also 
classified based on the relations that can take place in the 
reference structure, considering Stevens’ work. The categories 
Ordinal Measurement Reference Dimension, Interval 

Measurement Reference Dimension and Rational 
Measurement Reference Dimension are introduced in UFO as 
subcategories of Measurement Reference Dimension. The 
nominal scale as introduced by Stevens is represented by the 
nominal reference structure. 

As argued in [19] the mapping among reference spaces 
pose a major challenge in reference systems theories. These 
mappings are important for the establishment of the 
equivalence relation among reference structures and therefore 
leverage the use of different scales. In the current work we 
argue that a quality universal can be associated to a number of 
different quality structures, since there can be many ways to 
conceptualize quality structures for qualities. Therefore, we 
understand the mapping problem in two levels. First, on a 
quality structure level that refers to the mapping of different 
conceptualizations of quality structures for the same quality 
universal. Later, we consider the mapping problem in a 
reference level that refers to the mapping of different reference 
structures based on the same quality structure. The definition 
of mappings among quality structures and reference structures 
is not in the scope of the present article, but it shall be 
investigated in the future as part of our research program.  

IV. THE CASE STUDY AND PROTOTYPE 
We employ the theoretical distictions of the previous section 
as the base to a case study concerning the extension of 
OntoUML. We divide this section in three parts: first the use 
the distinctions proposed to UFO to understand and extend the 
UML Datatype classes. Then, we extend the existing 
OntoUML classes in order to enable the use of ontologically 
grounded version of UML Datatypes. Finally, we present the 
prototype of an OntoUML editor which implements the 
axioms and restrictions in the syntax of the language, allowing 
model validation against syntactic errors. 

A. Extending OntoUML Datatypes 
To model the ontological concept of quality structure in 
OntoUML, the Datatype construct can be leveraged as 
proposed by Guizzardi [3]. However, analizing the definition 
of Datatypes in UML, we have that “A data type is a type 
whose instances are identified only by their value.” [21], i.e. 
Datatypes are a suitable choice for representing the value 
spaces for quality universals because its values can be 
objectively evaluated. However, we encounter here the symbol 
grounding problem discussed in the previus sections, that is, 
the semantic value of a symbol cannot be specified by itself.  

 Employing the presented distinctions, one could see UML 
Datatypes, specifically the Primitive Types as a reference 
structures since they provide a set of lexical elements used to 
denote their values, built-in composition rules for generating 
such lexical elements and “may have an algebra and 
operations defined outside of UML, for example, 
mathematically” [21]. Therefore, the data type values can be 
interpreted as reference regions which need to have their 
semantics grounded by quality regions. As we have discussed 
in order to be shared, qualia need to be approximated, referred 
and denoted by lexical elements. Once there are quality 
regions to ground reference regions and approximate qualia, 
the values of data types become meaningful.  
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the only concrete elements used in modeling are the leaf ones, 
namely perceivable, nonperceivable and nominal quality 
universals. Therefore we include these elements in the 
OntoUML class hierarchy as subclasses of Moment 
Universal5. Conforming to the original definition of 
OntoUML, the resulting classes are graphically represented 
using the stereotype notation for UML profiles. The second 
extension presented to OntoUML concerns the definition of 
the structuration relation that must exist between quality 
universal and the corresponding quality structure. The explicit 
definition of structuration is needed in order to support the 
structuration of the same quality universal by many different 
quality structures.  

C. The Prototype Editor 
To illustrate the applicability of distinctions presented in this 
section regarding OntoUML, we have developed an adaptation 
to a OntoUML modeling editor, namely, the OntoUML 
Lighweight Editor (OLED)6. The OLED project aims to offer 
a simple yet integrated toolset to support the engineering of 
expressive conceptual models with OntoUML. The 
development of the modifications to the editor was divided 
into two parts by a model-driven approach. Firstly, we 
extended the existing OntoUML reference model, proposed by 
Carraretto [22]. The reference metamodel consists basically in 
the UML 2.0 metamodel classes together with the OntoUML 
concepts and axioms, encoded in an Ecore7 M3 model. The 
existing syntactic constraints of OntoUML and the new 
constraints concerning quality unversals and reference 
structures are specified in OCL as part of the Ecore model in 
order to allow model validation of syctatic errors.  

The resulting model was transformed in java code and 
made available for being utilized in the editor. Secondly, the 
OLED editor was adapted to leverage the language constructs 
introduced in this work. The language constructs that are 
effectively instantiated in OntoUML conceptual models and 
their descriptions/ restrictions are detailed in table II. Fig. 9 
illustrates an example of the proposed extensions to OntoUML 
for the creation of a trivial conceptual model, where the 
substantial universal Person is characterized by the quality 
universals Height and BodyTemperature with their respective 
reference structures. For the height quality universal, we 
exemplified the structuration by multiple reference structures, 
instantiating the measurable reference structures HeightFeet 
and HeightMeter. Although not explicit we stress that there is 
an equivalence relation that holds between HeightFeet and 
HeightMeter quality structures because they structure the same 
quality universal. 

An important feature implemented in the editor is the 
reference structures library, which enables the modeler to 
create and reuse reference structures across different 
conceptual models. The reference structures library is 
integrated to the OLED editor and is depicted in Fig.10.  

                                                           
5  Note that in OntoUML the “Universal” suffix of the UFO categories 

are omitted, although they still denote universals and should not be taken as 
particulars. 

6  http://code.google.com/p/ontouml-lightweight-editor/ 
7  http://www.eclipse.org/modeling/emf/?project=emf 

 

 

V. RELATED WORK 
Concerning the effort towards ontological grounding of 
modeling languages and in particular of UML, this work is 
similar to Evermann and Wand [1] and Li and Parsons [2], 
although in both works there are no particular approach for 
dealing with the value spaces of the concepts properties or 
even the properties values. The works analized rely on the 
software-oriented infrastrucutre of UML for value spaces 
(Datatypes). Thus, in this central aspect, these works cannot 
be properly compared to ours.  

 

 

 
Fig. 10. An image of the OLED’s reference structure library  

 
Fig. 9. An image of the OLED 



TABLE II.  THE PROPOSED ONTOUML CONSTRUCTS FOR REPRESENTING QUALITY UNIVERSALS AND ITS QUALITY SPACES. 

Classifier Description 

«IntegerOrdinalDimension» Measurement dimensions based on the notion of ordinal scale, used for representing rank-ordered quality 
structures. 
Constraints:  (1) Should always be associated to an instance of measurable quality universal by a 
structuration relation.  «DecimalOrdinalDimension» 

«IntegerIntervalDimension» Measurement dimensions based on intervals (of the length of the unit of measurement), used for representing 
interval based quality strcuctures, such Celsius and Fahrenheit scales. 
Constraints:  (1) Should always be associated to an instance of measurable quality universal by a 
structuration relation. «DecimalIntervalDimension» 

«IntegerRationalDimension» Measurement dimensions based on intervals (of the length of the unit of measurement) which can be 
converted to others, by multiplication/division of a constant, like the meter/decimeter/centimeter scales. 
Constraints:  (1) Should always be associated to an instance of measurable quality universal by a 
structuration relation. «DecimalRationalDimension» 

«MeasurementDomain» 
Multi-dimensional measurement structures, composed by measurement dimensions.  
Constraints: (1) Must have two or more owned dimensions (2) All owned dimensions must be instances fo 
measurement dimensions. 

«StringNominalStructure» 
Nominal structures wich allows the reference of  nouns. 
Constraints:  (1) Should always be associated to an instance of nominal quality universal by a structuration 
relation 

«MeasurementEnumeration» 

Measurement structures with a predefined set of reference regions that needs to be grounded by an existing 
reference structure. 
Constraints:  (1) Should always be associated to an instance of measurable quality universal by a 
structuration relation (2) Must have two or more measurement literals (3) The structure and its measurement 
literals should be grounded by an existing groundingStructure and groundingRegion respectively. 

«Structuration» 

A binary relation that associates quality structures which are abstracted as reference structures and quality 
universals. 
Constraints:  (1) Should always be associated to a quality universal (structured end) and a reference structure 
(structuring end) (2) The structured end should be always read only (3) The only possible cardinalities in both 
end is 1..1. 

«PerceivableQuality» 
A quality universal which its qualia originates from observation and measurement. 
Constraints:  (1) Should always be associated to a measurable reference structure by structuration relation (2) 
Should always be associated to an universal by a characterization relation. 

«NonPerceivableQuality» 
A quality universal which its qualia originates from conception processes. 
Constraints:  (1) Should always be associated to a measurable reference structure by structuration relation (2) 
Should always be associated to an universal by a characterization relation. 

«NominalQuality» A quality universal which its qualia originates from social conventions. 
Constraints:  (1) Should always be associated to a measurable reference structure by structuration relation (2) 
Should always be associated to an universal by a characterization relation. 

 

 Regarding the extensions proposed to UFO based on 
semantic reference spaces, this work is influenced by Probst’s 
work concerning DOLCE, but it was out of our scope to 
propose a full featured taxonomy for quality universals, 
quality structures and reference structures. We kept the 
distinctions as simple as possible, avoiding making unecessary 
categorizations. For example, we do not categorize quality 
universals with respect to the number of dimensions of its 
quality structures, since we consider that the quality structure 
is only a way (of many) to conceptualize quality structures of 
quality universals. The assumption that there can be different 
conceptualizations of quality structure for the same quality 
universal is also a different approach. For instance, a cognitive 
agent could structure the color quality universal in a scale 
HSB-like (three-dimensional), while a measurement device 
could use a monochromatic-like one-dimensional scale with 
the regions {lightest, light, medium, dark, darkest} to measure 
the same particular quality. Another key difference between 
the approaches consists in the consideration of nominal quality 
universals and its related structures. Even not going further at 
this point in the investigation of nominal quality universals, 
given its importance and recurrence in real world domains, we 
find it necessary to include such category in the presented 
extensions.  

VI. CONCLUSION 
In this paper we have addressed the issue of providing 
ontological foundations for value based attributes and its 
related value spaces in modeling languages. We focused our 
investigation towards the extension of the ontologically well 
founded version of UML based on UFO named OntoUML. 
We argued that the ontological distinctions concerning quality 
universals and quality structures should be incorporated in the 
syntax of OntoUML, in order to allow adequate 
representations for attributes and values spaces in OntoUML 
models. To guide our investigation, we used as reference the 
Semantic Reference Spaces theory proposed by Probst, which 
presents a way for dealing with the symbol grounding problem 
that arises when values of datatypes are used for representing 
the semantic values of qualities. 

 The main objectives of our research consist in freeing 
OntoUML from a purely software oriented infrastructure 
concerning value spaces for qualities. At the same time, 
allowing the modeler to better model and constrain the quality 
structures being modeled. Another important objective in our 
research program consists in explicitly separating the lexical 
values of attributes from the ontological entities which give 
meaning to them, thus, providing an ontological grounding for 



UML Datatypes. To achieve these objectives some categories 
of UFO were extended while others were introduced. We 
presented a basic taxonomy for quality universals and quality 
structures, which cover most of the scenarios in conceptual 
modeling. In the extensions presented, the concepts of 
nominal quality universal and nominal quality structure are 
introduced. Even not further investigating nominal qualities at 
this moment, we find they pose interesting research questions 
given the many possibilities that nominal reference structures 
offer for representing the values of social-convension 
qualities.  

 An important point that was not addressed in the current 
work is the investigation of the conditions for the 
establishment of equivalence among quality regions. We 
believe that the equivalence relation envolving approximation 
can tolerate some degrees of imprecision and might be useful 
for problems envolving inexact matching. At the moment we 
only briefly introduce the topic but we consider that more 
research is needed on this direction.  Another important notion 
advocated in this work that needs further development is the 
possibility of estabilishing of mappings among different 
quality and reference structures. We argued that such 
mappings can ocour naturally as fruit of different 
conceptalizations of quality structures for the same quality 
universal. Another possibility is the mapping of different 
reference structures for the same quality structure. An example 
is time that, despite being one-dimensional, can be partitioned 
in different granularities. We see some opportunities for future 
works concerning the investigation of transformations 
between OntoUML and other representation languages such as 
RDF, OWL and CSML [23]. Since one of the noticeable 
applications of expressive conceptual models or domain 
ontologies is related to interoperability in the semantic Web, 
the knowledge of the structures used to approximate qualia 
can be useful for supporting the integration of measurement 
data originated from heterogeneous sources and based on 
different scales.  

 We also presented an adaptation to the OLED editor for 
OntoUML that illustrate the applicability of the distinctions 
presented here in a modeling environment. Despite of having 
an academic nature, the OLED project aims to create a toolkit 
for supporting the engineering of high quality conceptual 
models, by putting together tools for model checking and 
validation against syntactic errors, simulation of model 
instances and the application of ontological design patterns. 
An important feature implemented on the editor is the 
reference structure library for encouraging the reuse of 
reference structures across conceptual models.  
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