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“I have chosen to look at modelling because 
it exerts the most profound and…most 
important influence in the systems we 

build…To build a model is to conceive of the 
world in a certain delimited way… It is with 

respect to these representations that 
computer systems work…they run by 

manipulating representations…This can all 
be summarised in a slogan: no computation 

without representation”



“Mediating between the [system and the 
world] is the inevitable model…[What we have 
been focusing on as a discipline]…is a study 

of the relationship [model-system]. What 
about the relationship [model-world]?...The 
answer, is that, at this point in intellectual 

history, we have no theory of this…
relationship…[and]…any adequate theory of 
[system] correctness will have to take the 

model-world relationship into account”
(Brian Cantrell Smith, The Limits of 

Correctness, 1985)
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Unified Foundational 
Ontology

(UFO)



UFO
• The goal was “Philosophy of Modeling” 

in Computer Science/ Information 
Systems Engineering 

• Started nearly 25 years ago as a 
unification (hence the name) of GFO, 
DOLCE and OntoClean-Properties* but 
then very soon became a full-blown 
independent foundational ontology



Fundamental Requirements
• Dealing with different types of types 

(including higher-order types), 
particularized properties, a rich 
theory of relations (including reified 
relations), datatypes, events 

• Modeling Languages and Tools 

• Finitely-satisfiable models,...



How has it been developed? 
• Elicited by conducting an ontological 

analysis of several modeling languages, 
reference models and standards, a 
multitude of models and applications 

• Strongly driven by classical problems in the 
area (e.g., modeling of roles with multiple 
supertyping, problem of collapse of 
cardinality constraints, problem of 
transitivity of parthood...) 

•



How has it been developed?

• It has an underlying Design Science agenda of 
continuously building a set of engineering artifacts 
as materializations of these ontological foundations. 
These artifacts are evaluated in practice in a 
number of ways (including via their “systematic 
subversions”)  

• These artifacts include a modeling language 
(OntoUML), a number of modeling patterns and 
anti-patterns



How has it been developed?

• We are also concerned about pragmatic efficiency 
of the derived representations (doing the type of 
empirical work that cognitive psychologies do): 
Can people make sense (reason, learn, recall) 
these categories? Can people effectively reason 
with models produced with these foundations?
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UFO-A (Endurants) UFO-B (Events)

UFO-C (Social Reality)

UFO-C 
(Services) 

UFO-L 
(Legal Relations) 

↝

Endurants, their Types and 
Taxonomic Structures, Dependent 

Entities (Qualities, Modes, Relators, 
Dispositions), (Part-Whole) 

Relations, Datatypes, Multi-Level 
Structures, etc…
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Notice that these apply to all endurants,  
not just to substantials. So, we can have, e.g.,  
phases of relators (e.g., tenured employment)  

as well as role of relators (e.g., legally recognized civil 
partnership). Same for qualities and modes
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UFO-A (Endurants) UFO-B (Events)

UFO-C (Social Reality)

UFO-C 
(Services) 

UFO-L 
(Legal Relations) 

↝
FOL-RU, Sortal 
Modal Logic, 

Alloy*, SROIQ*, 
TPTP

Alloy, SROIQ

↝
Formalization



UFO-A (Endurants) UFO-B (Events)

UFO-C (Social Reality)

UFO-C 
(Services) 

UFO-L 
(Legal Relations) 

↝

Event Mereology, Processual Roles, 
Event Predication, Temporal 

Ordering, Causation, Situations, 
Events and Dispositions
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1. Primitives reflecting ontological distinctions 

2. Grammar reflecting ontological axiomatization 

3. Patterns reflecting ontological micro-theories
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Figure 16: Screenshot of Visual Paradigm’s interface with the ontouml-vp-plugin installed.

stereotypes and tagged values and adding features such as a personalized user interface, smart
coloring of diagrams, auto-completion of elements properties, partial and complete model verifi-
cation, and model transformation (including transformation to OWL as gUFO ontologies); see
Figure 16. For instance, Figure 17 presents a screenshot of ontouml-vp-plugin running on
Visual Paradigm and displaying to the user the violation of an OntoUML constraint. The model
verification feature is enabled by a remote service that notifies the plugin of detected violations,
their severity (e.g., “error” or “warning”), and their cause. The plugin, in its turn, displays eventual
violation messages to the modeler, showing offending model elements upon request.

For developers, the mechanisms of model serialization and verification/manipulation are
made available through the ontouml-schema13 and ontouml-js14 modules, respectively. These
modules are JavaScript projects made openly available to developers interested in designing
OntoUML-based solutions.

7. Psychological Evidence

As previously discussed, our theory was also inspired by a list of psychological claims pro-
posed by the cognitive psychologist John Macnamara in [13]. The proposed psychological claims
are related to the cognitive interpretation of linguistic expressions. In that article, Macnamara
defends the position that there is a logic underlying the fact that we can understand certain proposi-
tions, and the proposed set of psychological claims points to a class of logics that takes cognizance

13The ontouml-schema is available at https://github.com/OntoUML/ontouml-sche,a.
14The ontouml-js is available at https://github.com/OntoUML/ontouml-js.
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Figure 17: Screenshot of Visual Paradigm where the ontouml-vp-plugin presents to the modeler some verification
issues.

of this fact. This position, which is also supported by, for instance, [35–37] is analogous to the
one advocated by Chomsky in defense of his notion of a Universal Grammar [38–40]. Chomsky
is the proponent of the theory that states that the reason why we can learn a natural language is
due to the existence of a mental grammar, a linguistic competence that is nature-supplied, uniform
across individuals and complete in each one. According to this view, there is a close fit between
the mind’s linguistic properties and properties of natural languages and, hence, natural languages
have the properties they do because they can be recognized and manipulated by infants without
the meta-linguistic support that is available to second-language learners. Therefore, for Chomsky,
a grammar for a particular language is descriptively adequate if it correctly describes its object,
namely the linguistic intuition of the native speaker.

In the same spirit, a number of cognitive scientists (see, for example, [13, 35]), have proposed
a theory of logical competence based on the notion of a Language of Though [41]. For Fodor
[41], the reason we can learn the meaning of natural language symbols for categories, individuals
and their properties without the meta-linguistic support available to second language learners
lies on the mapping between the language-specific symbols for these categories onto a system of
categories already existing in the language of thought, i.e., a cognitive ontology.

In this section, we discuss some empirical evidence supporting many of the points defended
throughout this paper. This evidence results from a number of psychological experiments in the
area of cognitive psychology, which has been developed with the aim of investigating categorical
development and logical competence in infants since the pre-language age of 3–4 months. Firstly,
many laboratory results provide evidence that infants in the early age of 3–4 months are already
able to form categories (e.g., [42]). Cohen and Younger [43], and Macnamara [44], for instance,
provide evidences that children are able to classify objects into categories for which they have
no natural-language symbols. The reason that categorization appears so early in cognitive
development is related to its fundamental relevance to cognition. As [45] puts it: “Categorization
[...] is a means of simplifying the environment, of reducing the load on memory, and of helping
us to store and retrieve information efficiently.” Without concepts, mental life would be chaotic.
If we perceived each entity as unique, we would be overwhelmed by the sheer diversity of
what we experience and unable to remember more than a minute fraction of what we encounter.
Furthermore, if each individual entity needed a distinct name, our language would be staggeringly
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Fig. 3 A screenshot of the OntoUML plugin for Visual Paradigm showcasing a cluster generated using
the relator-centric clustering algorithm.

Figure 3 contains a screenshot of the OntoUML plugin for Visual Paradigm. On
the menu at the top, buttons to access the functionalities of the plugin are displayed.
In particular, the one to generate the relator-centric clustering is highlighted ("Gener-
ate Diagrams"). On the Model Explorer panel on the left, the classes composing our
running example on the car rental domain are shown, along with the diagrams gen-
erated by the clustering algorithm (namely "Cluster of Car Ownership", "Cluster of
Car Rental", "Cluster of Employment", and "Cluster of Marriage"). The opened dia-
gram shown in the center/right of the screen is the "Cluster of Marriage". An attentive
reader will note that the diagrammatic disposition of the elements of this cluster in
Figure 3 differs from that of Figure 2. That is the case because our relator-centric
clustering algorithm only defines the elements that should be included in a model,
not how they are to be displayed in a diagram. The diagram layout in Figure 3 was
automatically arranged by Visual Paradigm, while that of Figure 2 was manually ar-
ranged by us.

 

1)!Visual Simulation  

Visual simulation is obtained by performing a 
transformation of the OntoUML model (and OCL constraints) 
to an Alloy [10] specification. The Alloy Analyzer is capable 
of automatically generating instances of the model as a means 
to simulate its set of desired/undesired properties confronting 
the modeler with its decisions. In  

Fig 5, we depict a fragment of a possible instantiation of the 
traffic accident ontology enriched with constraints. It shows a 
current world (a point in time) wherein a rear-end collision 
between two crashed vehicles resulted in the death of both 
travelers of the vehicles. All specified constraints are respected. 
Differently from an unconstrained model, the number of fatal 
victims is correct and the rear end collision involves two 
vehicles. 

 
Fig 5. A Fragment of an Automatically Generated Simulation 

2)!Ontological Anti-Patterns 

Ontological anti-patterns are model structures that, albeit 
producing syntactically valid conceptual models, are prone to 
result in unintended domain representations. They are 
configurations that when used in a model will typically cause 
the set of valid (possible) instances of that model to differ from 
the set of instances representing intended state of affairs in that 
domain [9]. In a previous study [14], a library of ontological 
anti-patterns is presented.  

OLED features an anti-pattern management component that 
consists of three steps: automatic detection, guided analysis and 
automatic refactoring. The first step, the automatic detection, is 
meant to relieve modelers from learning all anti-pattern 
structures and manually inspecting occurrences in their models. 
Users can request an anti-pattern inspection on a particular 
diagram or on an arbitrary selection of elements. The second 
step, the guided analysis, is performed for each identified anti-
pattern occurrence. In order to decide whether a particular 
occurrence entails unintended consequences, a modeler must 
reason about its consequences. To support this process, OLED 
provides a wizard for each anti-pattern, which details the 
elements that participate in the anti-pattern occurrence, 
provides theoretical background information when necessary, 
and makes a series of questions, which lead to the appropriate 
solutions. The third and last step consists in appropriately 
refactoring the model. Based on the interaction with the anti-
pattern wizard, the tool will suggest a plan to rectify the model. 
To exemplify, consider a tiny fraction of the road traffic model 
depicted in Fig 2. It states that a traveler travels in a vehicle 

and that a traveler might be involved in a car accident, which 
also involves vehicles. This fraction characterizes an anti-
pattern deemed Association Cycle (AssCyc) [14] for it allows 
passengers in a vehicle that has not participated in an accident 
to be victims in that very same accident.  

D.!Code Generation Features 
A reference ontology can produce application ontologies 

according to a set of specific computational purposes and 
requirements. Application ontologies have been usually 
represented in computationally tractable subsets of first-order 
logic such as OWL or F-Logic. OWL is an extension of RDF 
based on Description Logics to represent content in the context 
of Semantic Web. It has been used to implement reference 
ontologies to discover knowledge, annotate semantically its 
content and to publish it on the web. SWRL is the language 
used to express logic rules over OWL specifications.  

OLED provides three code generations to OWL. Each one 
takes different design choices in account. The first named 
Simple [1] maps basically OntoUML classes, associations and 
attributes to OWL classes, object properties and data 
properties, respectively. It considers generalization sets and its 
disjointness properties plus model cardinalities. The second 
named Temporal [17] represents temporally changing 
information in OWL and encompasses four approaches named 
Reification, and Worm Views A0, A1 and A2. Reification reifies 
the contingent and mutable information of an individual into 
moments (e.g., anti-rigid objects reified as qua-individuals) 
where an individual’s existence is represented as a temporal 
extent. In Worm Views, entities are considered spatiotemporal 
worms where individuals are composed by (i) a concept 
representing that individual (IC) and (ii) its temporal parts as 
worm temporal slices (TSs). Finally, the third is named 
OOTOS [3] and it considers OCL constraints as SWRL rules. It 
also considers structured datatypes, cardinalities, transitivity of 
material and parthood relations (as SWRL rules) and 
disjointness between substance sortals.  

E.! Model Verbalization Features 
Model verbalization stands for the activity of generating a 

documentation of the ontology in (controlled) natural language. 
This process is very useful, for example, to allow domain 
experts that are not well-versed in the modeling language (the 
most common situation), to access the knowledge embedded in 
a conceptual model.  

 
Fig 6. Verbalization of an OntoUML model in SBVR using OLED 

OLED provides two types of model verbalization: (i) the 
generation of a document in Semantic Business Vocabulary 

OntoUML Editor

Verbalization
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and  
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Validation via 
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Ontological

corresponding (reified) role class. As previously discussed, qua-entities and relators are
existentially dependent entities.

Figure 3 presents the schema that results from the application of these transformation
steps in the conceptual model in Figure 2. We obtain the five tables corresponding to
object kinds: PERSON, ORGANIZATION, and three corresponding to relator kinds: EM-
PLOYMENT, ENROLLMENT and SUPPLY CONTRACT. An additional table for the discrim-
inator that results from the overlapping generalization set nationality is introduced
(PERSON-NATIONALITY, representing a qua-entity connecting a person to a particular
nationality type). Finally, for all the tables representing dependent entities types, we
introduce the corresponding dependency keys.

Fig. 3. Resulting relational schema in running example one table per kind.

5 Discussion and Comparison to Alternative Approaches

Table 2 summarizes the comparison between the proposed one table per kind strategy
and the three dominant strategies in the literature, where: n is the total number of classes
in the source conceptual model, h is the maximum height of the hierarchy (i.e., maxi-
mum path size from a top-level class to a leaf class), nl is the number of leaf classes in
the hierarchy, nt the number of top-level classes, and nk is the number of kinds. Note
that the number of kinds (nk) is equal to or lower than the number of leaf classes (i.e.,
nk  nl  n), and that they are equal (nk = nl) only in case there are no subkinds, roles
and phases. Thus, the number of tables to required to represent entities in the domain in
the proposed one table per kind strategy is equal to or lower than that required by one

table per class and one table per leaf class. The comparison with one table per hier-

archy requires us to consider the number of top-level classes (nt ). The two approaches
result in the same number of tables when there are no non-sortals (nk = nt ).

The table also presents worst-case figures for the retrieval and insertion of an entity
(with all its attributes). One table per class fares poorly in this comparison, with h joins
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Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock

large grey igneous rock

grey
 sedimentary 

rock

pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985



General Terms and Common Nouns

(i) exactly five mice were in the kitchen last night 
(ii) the mouse which has eaten the cheese, has been in 

turn eaten by the cat 



General Terms and Common Nouns

(i) exactly five X ... 
(ii) the Y which is Z... 



General Terms and Common Nouns

(i) exactly five reds were in the kitchen last night 
(ii) the red which has ..., has been in turn ...



Both reference and quantification require that the thing 
(or things) which are refered to or which form the 
domain of quantification are determinate individuals, i.e. 
their conditions for individuation and numerical identity 
must be determinate

General Terms and Common Nouns



Whilst the characterizing types supply only a principle of 
application for the individuals they collect, sortal types 
supply both a principle of application and a principle of 
identity 

Sortal and Characterising Types (or Non-sortals)



The Ontological Level
The Epistemological Level 

Apple 

color = red 

Red 

sort = apple 

SORTAL NON-SORTAL



Foundations 

(1)	 We can only make identity and identification statements 
with the support of a Sortal, i.e., the identity of an individual 
can only be traced in connection with a Sortal type, which 
provides a principle of individuation and identity to the 
particulars it collects 

	 Every Object in a conceptual model (CM) of the domain must 
be an instance of a class representing a sortal type 

	



Foundations 
	 Moreover, since Non-Sortals cannot supply a principle of 

identity for its instances, we have that, all Non-Sortal Types in 
the model must be represented as Abstract Classes 

	



Unique principle of Identity

X Y



Unique principle of Identity

X = Y ?



Unique principle of Identity

X Y



Unique principle of Identity

X = Y ?



Software?



Software?

• Software Code?


• Software Program?  

• Software System?  

• Software Product?



Software?
• Software Code? IDENTITY = SYNTACTICAL FORM


• Software Program? IDENTITY = EXECUTION CLASS


• Software System? IDENTITY = REQUIREMENTS


• Software Product? IDENTITY = PRODUCT 
AGREEMENT



Foundations 
(2)	 An individual cannot obey incompatible principles of 

identity



Object Type

Sortal Type Non-Sortal Type

Type

{Person, Apple, Student} {Insurable Item, Red}



Object Type

Sortal Type Non-Sortal Type

Type

{Person, Apple, Student} {Insurable Item, Red}

IDENTITY
+ -



Rigidity

A type T is rigid if for every instance x of T,  
x is necessarily an instance of T:

∀x . T(x) → □ T(x)



Anti-Rigidity

A types T is anti-rigid if for every instance x of T,  
x is possibly not an instance of T:

∀x . T(x) → ◊¬T(x)



ObjectType

Sortal Type Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

{Person, Organization}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

IDENTITY
+ -



ObjectType

Sortal Type Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

{Person, Organization}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

IDENTITY
+ -

RIGIDITY

+ -



ObjectType

Sortal Type Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

{Person, Organization}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

IDENTITY
+ -

RIGIDITY

+ -+ +







A principle of identity cannot be 
supplied by either of these two 

anti-rigid types, since it should be 
used to identify individuals  
in every possible situations!



Foundations 
   If an individual falls under two sortals in the course of its 

history there must be exactly one ultimate rigid sortal of 
which both sortals are subtypes and from which they inherit 
a principle of identity

P’

S

…

P



Restriction Principle 

Instances of P and P’ must:  
obey a principle of identity  
the same principle of identity 
which they cannot supply 
themselves

P’

S

…

P



Uniqueness Principle 

Suppose S is not ultimate then 
for any G that supertypes S: 

G cannot provide a another 
principle 
Either G is a Non-Sortal 
Or G is the ultimate sortal

P’

S

…

P

G

…



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

{Person,  
Organization}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

{Biological Man,  
Biological Woman}

IDENTITY

+ -

+ -+ +

RIGIDITY



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

{Person,  
Organization}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

{Biological Man,  
Biological Woman}

IDENTITY

+ -

+ -+ +

RIGIDITY

+ +



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

{Person,  
Organization}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

IDENTITY

+ -

+ -+ +

RIGIDITY

++
{Biological Man,  
Biological Woman}



K1

K2

K3

K4

K5

Kinds



K1

K2

K3

K4

K5

Anti-Rigid Sortals 



K1

K2

K3

K4

K5

Anti-Rigid Sortals 



K1

K2

K3

K4

K5

Non-Sortals



Foundations 
Since the unique principle of identity supplied by a Kind is 

inherited by its subclasses, we have that: 
An Object in a conceptual model of the domain cannot 

instantiate more than one ultimate Kind

«kind»
SocialBeing

«kind»
Group

Organization

TheBeatles

instance of



«kind»
SocialBeing

«kind»
Group

Organization

TheBeatles

instance of

I1 I2

I1, I2 

I1, I2 



«kind»
SocialBeing

«kind»
Group

Organization

TheBeatles

instance of



«kind»
SocialBeing

StaffOrganization

{John,Paul,George,Ringo}TheBeatles

instance of instance of

«constitution»

«kind»
Group



Foundations 
It is not the case that we cannot have multiple supertypes for a 

given type. Only that a type cannot have multiple kinds as 
supertypes!



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

A Kind cannot be a supertype of another Kind



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

A subKind type MUST have as a supertype  
a (unique) Kind



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

A subKind cannot be a supertype of a kind



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

An Anti-Rigid type MUST have as a supertype  
a (unique) Kind



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

A Sortal Type cannot be a supertype of a Non-Sortal Type



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

{Person}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

{Biological Man,  
Biological Woman}



Relational Dependence

    A type T is relationally dependent on another type P via 
relation R iff for every instance x of T there is an instance y 
of P such that x and y are related via R: 

□ (Vx . T(x) → ∃y . P(y) ∧ R(x, y))



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind

{Person,  
Organization}

{Insurable Item}

{Student, Teenager,  
FootballPlayer}

{Biological Man,  
Biological Woman}



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind Phase Role

{Person}

{Insurable Item}

{Student,  
Husband}

{Teenager,  
LivingPerson}

{Biological  
Man,  
Biological  
Woman}



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind Phase Role

{Person}

{Insurable Item}

{Student,  
Husband}

{Teenager,  
LivingPerson}

IDENTITY

+ -

+ -+ +

RIGIDITY

++
DEPENDENCE

+- - + - +

{Biological  
Man,  
Biological  
Woman}



Roles

School«role»
Student

*

enrolled-at



Roles

School«role»
Student

*

The Relational property in this case is part of  
the very definition of the Role: 

Student(x) =def Person(x) ∧ ∃y School(y) 
∧ enrolled-at(x,y)

enrolled-at



Roles
Defined as a (anti-rigid) specialization of a kind such that the 

specialization condition is a relational one (correlated with 
derivation by participation)

«kind»Person

«role»Student «kind»School
1..* 1..*

enrolled-at



PERSON

STUDENT

SCHOOL

«kind»Person

«role»Student «kind»School
1..* 1..*

enrolled-at

WORLD W



PERSON

STUDENT

SCHOOL

«kind»Person

«role»Student «kind»School
1..* 1..*

enrolled-at

WORLD W’



PERSON

STUDENT

SCHOOL

«kind»Person

«role»Student «kind»School
1..* 1..*

enrolled-at

WORLD W’’



Phases

Person

{disjoint,complete}

«phase»
LivingPerson

«phase»
DeceasedPerson



Person

{disjoint,complete}

«phase»
LivingPerson

«phase»
DeceasedPerson

LivingPerson

Deceased 
Person

PERSON

WORLD  W



Person

{disjoint,complete}

«phase»
LivingPerson

«phase»
DeceasedPerson

PERSON

WORLD W’

LivingPerson

Deceased 
Person



Person

{disjoint,complete}

«phase»
LivingPerson

«phase»
DeceasedPerson

PERSON

WORLD W’’

LivingPerson

Deceased 
Person



«kind»
Person

«subkind»
Man

«subkind»
Woman

{disjoint ,complete }

«phase»
LivingPerson

«phase»
DeceasedPerson

{disjoint ,complete}



Deceased 
Person

PERSON

WORLD W

Living 
Person

Man

Woman

«kind»
Person

«subkind»
Man

«subkind»
Woman

{disjoint ,complete }

«phase»
LivingPerson

«phase»
DeceasedPerson

{disjoint ,complete}



Deceased 
Person

PERSON

WORLD W’

Living 
Person

Man

Woman

«kind»
Person

«subkind»
Man

«subkind»
Woman

{disjoint ,complete }

«phase»
LivingPerson

«phase»
DeceasedPerson

{disjoint ,complete}



«kind»
Person

«subkind»
Man

«subkind»
Woman

{disjoint ,complete}

«phase»
LivingPerson

«phase»
DeceasedPerson

{disjoint ,complete }«phase»
Child

«phase»
Teenager

«phase»
Adult

{disjoint ,complete}



«kind»
Person

«role»
Customer



«role»
Customer

«kind»
Person

«kind»
Organization



«role»
Customer

«kind»
Person

«kind»
Organization

An anti-rigid type cannot be a supertype of a Rigid Type



WORLD W
Customer

Person

x

Instance of



WORLD W
Customer

Person

x

Instance of

Instance of



WORLD W
Customer

Person

x

Instance of

Instance of

Anti-Rigid↝



WORLD W’
Customer

Person

x

Instance of

Instance of



WORLD W’
Customer

Person

x

Instance of

Instance of Rigid↝



WORLD W’
Customer

Person

x

Instance of

Instance of

Instance of



WORLD W’
Customer

Person

x

Instance of

Instance of

Instance of

We run into a logical contradiction!



ObjectType

Sortal Type

Kind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Type

subKind Phase Role

An anti-rigid type cannot be a supertype of a Rigid Type



Meta-types Identity Rigidity Dependence

SORTAL

kind + -
Subkind + + -
Phase + - -
Role + - +

NON-SORTAL

+



ObjectType

Sortal Type

RoleKind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Phase

Rigid Non-Sortal Type 

Type

Anti-Rigid Non-Sortal Type

subkind

{Person} {Student,  
Husband}

{Teenager,  
LivingPerson}

{Biological  
Man,  
Biological  
Woman}



ObjectType

Sortal Type

RoleKind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Phase

Rigid Non-Sortal Type 

Type

Anti-Rigid Non-Sortal Type

subkind Category

{Person} {Physical Object}{Student,  
Husband}

{Teenager,  
LivingPerson}

{Biological  
Man,  
Biological  
Woman}



Categories

«kind»
Person

«kind»
Artificial Agent

«category»
Rational Entity

{disjoint}
ARTIFICIAL 

AGENT

PERSON

RATIONAL ENTITY



Categories

ObjectType

Sortal Type

RoleKind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Phase

Rigid Non-Sortal Type 

Type

Anti-Rigid Non-Sortal Type

subkind Category



Categories

«category»
PhysicalObject

«kind»Person «kind»Car «kind»Bridge

{disjoint}



ObjectType

Sortal Type

RoleKind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Phase

Rigid Non-Sortal Type 

Type

Anti-Rigid Non-Sortal Type

subkind Category RoleMixin

{Crime Weapon}{Person} {Physical Object}{Student,  
Husband}

{Teenager,  
LivingPerson}

{Biological  
Man,  
Biological  
Woman}



A Classic Problem

1. Suppose that I want to represent that the ROLE 
Customer can be played by entities of different 
KINDS, namely, People and Organizations. How to 
relate the ROLE and its allowed types using 
subtyping relations?   



A Classic Problem
«role»

Customer

«kind»
Person

«kind»
Organization



«role»
Customer

«kind»
Person

«kind»
Organization



«role»Customer

Person Organization

A Possible Alternative?



«roleMixin»
Customer



«roleMixin»
Customer

«role»
PersonalCustomer

«role»
CorporateCustomer



«roleMixin»
Customer

«role»
PersonalCustomer

Person Organization

«role»
CorporateCustomer



Participant

Person SIG

Forum
1..* *

participation



«roleMixin»
Customer

«role»
PrivateCustomer

«role»
CorporateCustomer

«kind»
Person

Organization

«kind»
Social Being

«roleMixin»
Participant

«role»
IndividualParticipant

«role»
CollectiveParticipant

«kind»
Person

SIG

«kind»
Social Being



RoleMixin

PERSON

CUSTOMER

Personal 
Customer

Corporate 
Customer

WORLD W
ORGANIZATION

Supplier



RoleMixin

PERSON

CUSTOMER

Personal 
Customer

Corporate 
Customer

WORLD W’
ORGANIZATION

Supplier



ObjectType

Sortal Type

RoleKind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Phase

Rigid Non-Sortal Type 

Type

Non-Rigid Non-Sortal Type

subkind Category

RoleMixin

Anti-Rigid Non-Sortal Type Semi-Rigid Non-Sortal Type

Mixin

{Person}
{Physical Object}{Student,  

Husband}
{Teenager,  

LivingPerson}

{Insurable Item}{Customer}

PhaseMixin

{FunctionalDevice, 
Non-Functional Device}

{Biological  
Man,  
Biological  
Woman}



PhaseMixin

Computer

Functional 
Device

Functional  
Computer

Functional  
MobilePhone

WORLD W

MobilePhone



PhaseMixin

Computer

Functional 
Device

Functional  
Computer

Functional  
MobilePhone

WORLD W

MobilePhone



Anti-Rigid Non-Sortals

    An Anti-Rigid Non-Sortal cannot be a super-type of a Rigid 
one

ObjectType

Sortal Type

RoleKind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Phase

Rigid Non-Sortal Type 

Type

Anti-Rigid Non-Sortal Type

subkind Category RoleMixin



ObjectType

Sortal Type

RoleKind

Non-Sortal Type

Rigid Sortal Type Anti-Rigid Sortal Type

Phase

Rigid Non-Sortal Type 

Type

Non-Rigid Non-Sortal Type

subkind Category

RoleMixin

Anti-Rigid Non-Sortal Type Semi-Rigid Non-Sortal Type

Mixin

{Insurable Item}

PhaseMixin

{Person}
{Physical Object}{Student,  

Husband}
{Teenager,  

LivingPerson}

{Customer}{FunctionalDevice, 
Non-Functional Device}

{Biological  
Man,  
Biological  
Woman}



All

Some Not All

None

Some but not All



All cats 
are white

Some cats
are White

Not all cats
are White

No cat
 is White

Some cats are White but
not all Cats are White



Rigid

Not Anti-Rigid Non-Rigid

Anti-Rigid

Semi-Rigid



Mixin

«mixin»
InsuredItem

«kind»Car «phase»
InsuredHouse

{disjoint }

«phase»
NonInsuredHouse

«kind»House

{disjoint,complete}



Mixin

HOUSE

CAR

INSURABLE  
ITEM Insured  

house
Uninsured  

house

WORLD W



Mixin

HOUSE

CAR

INSURABLE  
ITEM Insured  

house
Uninsured  

house

WORLD W’



Meta-types Identity Rigidity Dependence

SORTAL

Kind + -

Subkind + + -

Phase + - -

Role + - +

NON-SORTAL

Category - + -

PhaseMixin - - -

RoleMixin - - +

Mixin - +/- -

+

*this typology is based on and 
evolves the theory of types behind OntoClean (Guarino and Welty)



K1

K2

K3

K4

K5

Rigid Non-Sortal



K1

K2

K3

K4

K5

Anti-Rigid Non-Sortal



K1

K2

K3

K4

K5

Anti-Rigid Non-Sortal



Meta-types Identity Rigidity Dependence

SORTAL

Kind + -

Subkind + + -

Phase + - -

Role + - +

NON-SORTAL

Category - + -

PhaseMixin - - -

RoleMixin - - +

Mixin - +/- -

+



Problem
1. Characterize the difference between the 

following types:  

• Person, Apple, Car, Dog, Organization 

• Student, Singer, President, Employee 

• Adult, Puppy, Metropolis 

• Crime Weapon, Insurable Item, Sharp Object, 
Rational Agent, Cultural Heritage Item 



Solution
1. Characterizing the difference between: 

• NATURAL TYPE/KIND (e.g., PERSON) = RIGID SORTAL 

• ROLE (e.g., SINGER, ECONOMIST, BRITISH CITIZEN, 
KNIGHT OF THE BRITISH EMPIRE) = ANTI-RIGID + 
RELATIONALLY DEPENDENT SORTAL 

• PHASE (e.g., LIVING PERSON, ADULT MAN) = ANTI-RIGID 
+ RELATIONALLY INDEPENDENT SORTAL 

• NON-SORTAL (e.g., CULTURAL HERITAGE ENTITY, 
PHYSICAL ENTITY, INSURABLE ITEM)? = CLASSIFYING 
THINGS OF MULTIPLES KINDS
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Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock
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pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985



How$many$kinds$of$rock?

5

 The Ontological Level: Revisiting 30 Years of Knowledge Representation 53 

Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock

large grey igneous rock

grey
 sedimentary 

rock

pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985

kind kind kind



How$many$kinds$of$rock?

5

 The Ontological Level: Revisiting 30 Years of Knowledge Representation 53 

Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock

large grey igneous rock

grey
 sedimentary 

rock

pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985

kind kind kind

CATEGORY



How$many$kinds$of$rock?

5

 The Ontological Level: Revisiting 30 Years of Knowledge Representation 53 

Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock

large grey igneous rock

grey
 sedimentary 

rock

pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985

kind kind kind

phase

CATEGORY



How$many$kinds$of$rock?

5

 The Ontological Level: Revisiting 30 Years of Knowledge Representation 53 

Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock

large grey igneous rock

grey
 sedimentary 

rock

pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985

kind kind kind

phase

phase

CATEGORY



How$many$kinds$of$rock?

5

 The Ontological Level: Revisiting 30 Years of Knowledge Representation 53 

Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock

large grey igneous rock

grey
 sedimentary 

rock

pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985

kind kind kind

phase

phase

role

CATEGORY



How$many$kinds$of$rock?

5

 The Ontological Level: Revisiting 30 Years of Knowledge Representation 53 

Fig. 1. Kinds of rocks (From [5]) 

proliferate easily, as soon as new attributes are added to the vocabulary. Hence they 
proposed a functional approach to knowledge representation designed to only answer 
“safe” queries that are about analytical relationships between terms, and whose 
answers are independent of the actual structure of the knowledge base, like “a large 
grey igneous rock is a grey rock”. 

It is clear that, in this example, Brachman and colleagues understood the term 
“rock kind” in a very simple, minimalist way (perhaps as synonymous with “rock 
class”), ignoring the fact that, for many people, there are just three kinds of rocks, as 
taught at high school: Igneous, Metamorphic, and Sedimentary. On the other hand, 
two of the same authors, in an earlier paper on terminological competence in 
knowledge representation [6] stressed the importance of distinguishing an 
“enhancement mode transistor” (which is “a kind of transistor”) from a “pass 
transistor” (which is “a role a transistor plays in a larger circuit”).  

So why was this distinction ignored? My own conclusion is that important issues 
related to the different ontological assumptions underlying our use of terms have been 
simply given up while striving for logical simplification and computational 
tractability. As a consequence, most representation languages, including “ontology 
languages” like OWL, do not offer constructs able to distinguish among terms having 
similar logical structure but different ontological implications. In our example, clearly 
“large rock” and “sedimentary rock” have the same logical structure, being both 
interpreted as the conjunction of two (primitive) logical properties; yet we tend to 
believe that there is something radically different between the two: why? To answer 
this question we have to investigate: 

• the nature of the primitive properties “being a rock”, “being large”, and “being 
sedimentary”; 

• the way they combine together in a structured term, while modifying each other.  

Unfortunately, while current representation languages offer us powerful tools to build 
structured descriptions whose formal semantics is carefully controlled to provide 
efficient reasoning services, still no agreement has been reached concerning the need 
to adopt proper mechanisms to control the ontological commitments of structured 

rock

igneous rock sedimentary rock
metamorphic rock

large rock grey rock

large grey igneous rock

grey
 sedimentary 

rock

pet metamorphic rock

Brachman,)Fikes)and)Levesque,)1985

kind kind kind
phase  
MIXIN

phase  
MIXIN

phase

phase

CATEGORY





Role

• All instances of a given ROLE are of the same KIND (e.g., all 
Students are Person) 

• All instances of a ROLE instantiate that type only contingently 
(e.g., no Student is necessarily a Student) 

• Instances of a KIND instantiate that ROLE when participating 
in a certain RELATIONAL CONTEXT  (e.g., instances of 
Person instantiate the Role Student when enrolled in na 
Educational Institution) 

• A ROLE cannot be a supertype of a Rigid Type	 	

6
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Furthermore, as discussed in [1], Phases always occur in a so-called Phase Parti-
tion of a type T. For this reason, mutatis mutandis, constraints identical to (iii.a and 
iii.b) defined for Subkind Partitions are also defined for the case of Phase Partitions. 
However, for the case of Phase Partitions, we have an additional constraint: for every 
instance of type T and for every phase Pi in a Phase Partition specializing T, there is a 
possible world w in which x is not an instance of Pi. This implies that, in w, x is an 
instance of another Phase Pj in the same partition.   

  Finally, as formally proved in [1], rigid types cannot specialize anti-rigid types. 

3. Ontological Design Patterns and Inductive Process Models 

In this section, we present a number of Design Patterns which are derived from the 
ontological constraints underlying OntoUML as presented in the previous section. In 
other words, we limit ourselves here to the patterns which are related to the ontologi-
cal constraints involving the three primitives previously discussed: Phases, Roles and 
Subkind. These patterns are depicted in figure 1 below. 
 

 
Fig.1. Design Patterns emergent from the Ontological Constraints underlying OntoUML: (a) 
the Phase Pattern; (b-c) the Subkind Patterns, and (d) the Role Modeling Design Pattern.  

As a second objective of this section, we elaborate on a number of process models 
(representing inductive rule sets for model construction) which can be directly derived 
from these patterns. The hypothesis considered and illustrated here is the following: in 
each step of the modeling activity (i.e., each execution step of these process models), 
the solution space which characterizes the possible choices of modeling primitives to 
be adopted is reduced. This strategy, in turn, reduces the cognitive load of the modeler 
and, consequently, the complexity of model building using this language. Finally, this 
section demonstrates how these process models can be materialized through an inter-
active dialogue between the modeler and an automated tool running these rule sets. 
This idea is presented here via a running example and, in the following subsections, 
we will exemplify how the modeler may gradually build the ontology model of figure 
5. For that, the design tool executes these process models and engages in dialogues 
with the user, guiding the development of the model from 5(1) to 5(11)  
 
3.1 The Phase Design Pattern 

Phases are always manifested as part of a Phase Partition (PP). In a PP, there is 
always one unique root common supertype which is necessarily a Sortal S. This 
pattern is depicted in figure 1.a above. By analyzing that pattern, we can describe a 
modeling rule set RP which is to be executed every time a Phase P is instantiated in 
the model (an OntoUML class is stereotyped as phase). The rule set RP is represented 

The Emerging Phase Pattern
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Yet another alternative: Legal Person 
classifies both organizations and cognitively 
capable living people. In that case, it would 

be a…
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What is in a Relationship?

1. N-tuple? 

2. (Directional) Fact? 

3. Event?



What is a Relationship?

1. N-tuple 

2. (Directional) Fact 

3. Event 

4. None of the above
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Harry Spot

Owns

owner property

 
Thus the similarity between pure and pseudo binaries is very 

superficial. While there is a trivial resemblance in the formats of 
their pictures, there really is a deep semantic difference between 
the two: pseudo binaries are in fact supporting n-ary 
relationships, while pure binaries require decompositions into 
pairwise relationships. The pure binary approach denies the 
existence of relationships involving more than two things at a 
time. In that view, the shipping of parts to a warehouse by a 
supplier is not a single indivisible fact. It must be viewed instead 
as a composition of smaller facts, e.g., fact 1: parts are shipped to 
warehouses; and fact 2: suppliers perform fact 1. In contrast, the 
pseudo binary view acknowledges the existence of a single 
complex fact, and simply draws a picture connecting the fact 
with each of its participants. 

Despite the pejorative connotations of the term, I hope it’s 
clear that I prefer the “pseudo” binary model. 

 
10.4.2 The N-aries 
 

An n-ary relation can be pictured as a table with n columns, 
each column having a heading. Consider two different relations, 
having the headings 
 

SALARYEMPLOYEE DEPT

 
 
and 
 

SUPPLIERPART WAREHOUSE
 

 

85 

4.4.3 Two Names 
 

A binary relationship can be traversed in two directions, and 
each is sometimes given its own name. (The two directions are 
sometimes described as two distinct paths.) 

A hybrid between one and two names consists of the practice 
of giving the relationship one name, but requiring that it be 
modified in some way to indicate direction (e.g., by prefixing a 
minus sign for the direction considered to be “reverse”). 

This convention could eliminate the need for role names, but 
it does not extend well to n-ary relationships. 

 
4.5 Relationships and Instances Are Entities 

 
Instances of relationships are things themselves, about which 

we may have information in the system. 
They have attributes. Just as you have an age, so does your 

association with your department, your spouse, and your car. For 
a given part (type) stocked in a given warehouse, there is a 
certain quantity on hand. 

They can be related to other things. The storing of a certain 
part in a certain warehouse is approved by a certain manager. 

Instances of relationships can be related to each other 
(illustrated in section 10.2). 

Instances of a relationship can be identified (named) by 
identifying the relationship and the entities being related: 
“employed-in, John Jones, Accounting”. In real systems these 
composite names of instances are usually not represented 
explicitly, but are implied by the definition and organization of 
the records in a file. A record in an employee file will explicitly 
contain “John Jones” and “Accounting”; “employed-in” is 
implicitly understood by users of the file, or may be factored out 
into a file or record description somewhere. (Are there real 
examples where an instance of a relationship has a single simple 
name of its own, rather than a composite name?) 
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In the appropriate internal representation, there must 

be two mental entities (concepts, nodes, or whatever) 

corresponding to the two different intensions, morning star 

and evening star. There is then an assertion about these 

two intensionai entities that they denote one and the same 

external object (extension). 

In artificial intelligence applications and psychology, 

it is not sufficient for these intensions to be abstract 

entities such as possibly infinite sets, but rather they 

must have r ome finite representation inside the head as it 

were, or in our case in the internal semantic 

representation. 

6. Attributes and "Values" 

Much of the structure of semantic networks is based on, 

or at least similar to, the notion of attribute and value 

which has become a standard concept in a variety of computer 

science applications and was the basis of Raphael's SIR 

program [Raphael, 1964] — perhaps the earliest forerunner 

of today's semantic networks. Facts about an object can 

.frequently be stored on a "property list" of the object by 

specifying such attribute-value pairs as HEIGHT : 6 FEET, 

HAIRC0L0R : BROWN, OCCUPATION : SCIENTIST, etc. (Such lists 

are provided, for example, for all atoms in the LISP 

programming language.) One way of thinking of these pairs is 

24 
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that the attribute name (i.e., the first element of the 

pair) is the name of a "link" or "pointer" which points to 

the "value" of the attribute (i.e., the second element of 

the pair). Such a description of a person named John might 

be laid out graphically as: 

JOHN 

HEIGHT 
HAIRC0L0R 
OCCUPATION 

6 FEET 
BROWN 
SCIENTIST 

Now it may seem the case that the intuitive examples 

that I just gave are all that it takes to explain what is 

meant by the notion of attribute-vaiue pair and that the use 

of such notations can now b<=. used as part of a semantic 

network notation without further explanation. I will try to 

make the case that this is not so, and thereby give a simple 

introduction to the kinds of things I mean when I say that 

the semantics of the network notation need to be specified. 

The above examples seem to imply that the thing which 

occurs as the second element of an attribute-value pair is 

the name or at least some unique handle on the value of that 

attribute. However, what will I do with an input sentence 

"John's height is greater than 6 feet". Most people would 

not hesitate to construct a representation such as: 

JOHN 

HEIGHT (GREATERTHAN 6 FEET) 

* 
25 

_^_ 
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Notice, however, that our interpretation of what our network 

notations mean has just taken a great leap. No longer is 

the second element of the attribute-value pair a name or a 

pointer to a value, but rather it is a predicate which is 

asserted to be true of the value. One can think of the 

names such as 6 FEET and BROWN in the previous examples as 

special cases of identity predicates which are abbreviated 

for the sake of conciseness and thereby consider the thing 

at the end of the pointer to be always a predicate rather 

than a name. Thus, there are at least two possible 

interpretations of the meaning of the name at the end of the 

link — either as the name of the value or as a predicate 

which must be true of the value. The former will not handle 

the (GREATERTHAN 6 FEET) example, while the latter will. 

Let us consider now another example — "John's height 

is greater than Sue's". We now have a new set of problems. 

We can still think of a link named HEIGHT pointing from JOHN 

to a predicate whose interpretation is "greater than Sue's 

height"» but what does the reference to Sue's height inside 

this predicate have to do with the way that we represented 

John's height? In a functional form we would simply 

represent this as HEIGHT(JOHN) > HEIGHT(SUE), or in LISP 

type "Cambridge Polish" notation, 

(GREATER (HEIGHT JOHN)(HEIGHT SUE)) 

2b 
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but that is departing completely from the notion of 

attribute-value links. There is another possible 

interpretation of the thing at the end of the HEIGHT link 

which would be capable of dealing with this type of 

situation. That is, the HEIGHT link can point from JOHN to 

a node whic* represents the intensional object "John's 

height". In a similar way; we can have a link named HEIGHT 

from SUE to a node which represents "Sue's height" and then 

we can establish a relation GREATER between these two 

intensional nodes. (Notice that even if the heights were 

the same, the two intensional objects would be different, 

just as in the morning star/evening star example.) This 

requires a major reinterpretation of the semantics of our 

notation and a new set of conventions for how we set up 

networks. We must now introduce a new intensional node at 

the end of each attribute link and then establish predicates 

as facts that are true about such intensional objects. It 

also raises for us a need to somewhere indicate about this 

new node that it was created to represent the concept of 

John's height, and that the additional information that it 

is greater than Sue's height is not one of its defining 

properties but rather a separate assertion about the node. 

Thus, a distinction between defining and asserted properties 

of the node become important here. In my conception of 

semantic networks I have used thv concept of an EGO link tc 

indicate for the benefit of the human researcher and 
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relators. Relators and their constituting externally dependent modes are fundamental 
for the purposes of this article and are discussed in the sequel. 

As discussed in depth in [8], relators are the real truthmakers of relations. At least 
for the so-called material relations, which are the vast majority of the relations we are 
interested in not only in conceptual modeling and information systems engineering 
but also in social and legal reality. So, for instance, it is true that “John is married to 
Mary” because there is a relator (a particular marriage) binding them; likewise, it is 
true that “Paul works for the United Nations” because there is a relator of another type 
(an employment) connecting them. As a result, many of the fundamental tasks in en-
terprise and information systems management requires a proper understanding of the 
nature and lifecycle of relators such as employments, enrollments, marriages, con-
tracts, presidential mandates [8]. In UFO, a relation of mediation is defined to connect 
relators to their relata. Mediation is, like inherence, a type of existential dependence. 

Moreover, as also elaborated there, relators are full-fledged endurants, i.e., proper 
object-like entities as opposed to just n-uples of relata. They are entities that can bear 
their own individualized properties and can have their own complex mereological 
structures, i.e., they can have their own parts, some of which are essential (i.e., which 
they must have necessarily) and, conversely, they can be part of other complex rela-
tors. For example, a marriage has as an essential part a number of mutual commit-
ments and claims and as an inseparable part a conjugal society [14]. Thus, if John and 
Mary are married, there is an individual relator m of type “Marriage” that mediates 
John and Mary. This relator consists of all properties that John and Mary have in the 
scope of the marriage. For instance, John has a fidelity commitment towards Mary 
and, mutatis mutandis, the same for Mary.  

In Fig.1, we illustrate the general Relator Pattern the marriage example discussed 
above. We use the OntoUML profile [11], which comprises modeling primitives that 
represent the ontological distinctions put forth by UFO (captured as stereotypes in the 
profile) and ontology design patterns that represent micro-theories in UFO [9]. In the 
relator pattern, entities in a relation instantiate types that are termed “roles” (here 
“Husband” and “Wife”). Roles classify, in a contingent and relationally dependent 
way, instances of the same kind, in this case persons classified as husbands and wives. 
The model reveals the roles played in a marriage and the relational modes that are part 
of it (e.g., mutual commitments and claims).  

 
Fig. 1. Marriage modeled with the UFO relator pattern 



What does that buy us?
1. Identification and Individuation of events

2. Delimiting the scope of transitivity of parthood 

3. Subsetting, Specialization, Redefinition 

4. Incompatible Predication 

5. The Counting Problem 

6. Intentional versus Extensional Meta-Properties 

7. The Collapse of Cardinality Constraints 

8. Modularization 

9. The Representation of Anadyc Relations
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purchases 



1. In a given purchase, a Customer participates by buying many 
items from many Suppliers and a customer can participate in 
several purchases;  

2. In a given purchase, many Customers participate by buying many 
items from many Suppliers, and a customer can participate in 
only one purchase;  

3. In given purchase, a Customer participates by buying many items 
from a Supplier, and a customer can participate in several 
purchases;  

4. In given purchase, many Customers participate by buying many 
items from a Supplier, and a customer can participate in several 
purchases 

5. … 
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A Relator-Centric Clustering of a model M is a set of views symbolized as
RCC(M) = {M1..Mn} such that for every Mi 2 RCC(M) there is a type rel such
that rel 2C(M) and RC(Mi,M,rel).

Figure 2 depicts the application of this notion of RCC to the model of Figure 1.
Here we represent each Relational Context using UML packages and name these
packages with the homonymous focal relator. As one can observe, the original model
can be broken down into four contexts, namely: the Car Rental, the Marriage, the
Car Ownership, and the Employment contexts. Each of these modules contains a
view of the original model with all the information required to understand each of the
contexts.

Fig. 2 An RCC for the model of Figure 1 organized as (Onto)UML packages.

The Car Rental RC shows the roles (and role mixin) directly mediated by the Car
Rental relator (Responsible Employee, Rental Car, Customer). The kinds involved
are made explicit: Person, Car and Organization (when playing the role of Corpo-
rate Customer). Important business rules the model imposes on a Car Rental are
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2 Conceptual Modeling: Learning by Feedback

We take here the general methodological practice employed in natural sciences
[5] of starting with simple models to explore a fuller extent of the ideas at hand
before making progress to complex ones. In that spirit, although the ultimate
goal of this research program is to develop a framework target at ontology-driven
conceptual modeling languages (in particular, OntoUML [7]), we start here with
standard UML and with the toy model depicted in Figure 1 below.

Fig. 1: A toy example in UML.

Now suppose that we can run simulations (or configurations) of the given
example model with at most 2 instances per configuration2. The list of possible
configurations of this model is depicted in Figure 2, in which solid arrows mean
direct instantiation and dashed arrows indirect instantiation.

By looking at these possible outputs, the modeler may identify some unin-

tended configurations, namely instances that she does not want her model to
allow. Now suppose that by looking at these outputs, the modeler can anno-
tate what are the intended/unintended configurations. From these annotated
configurations, what can we learn as the most general rules? Looking at the
super-simple model above the modeler may want to avoid all the cases in which
‘Person’ has direct instances (e.g, ‘c’ and ‘e’ in Figure 2) and where an instance
is both a ‘Man’ and a ‘Woman’ (e.g, ‘i’ and ‘m’ in Figure 2). If this is the case,
the simple rule to be inferred can be informally expressed as “Every person is

either a man or a woman and no person is both a man and a woman”. To repair
the input conceptual model, a knowledge engineer would simply have to add a
constraint that forbids these two generic configurations represented in Figure
3. In UML, this could be achieved with a generalization set that is complete
(isCovering = true) and disjoint (isDisjoint = true).

From this example, we make two main observations. Firstly, consider a much
more complex model than the one in Figure 1. The activity of debugging the
model by checking all the intended/unintended configurations is very time con-
suming and it may not be easy for the modeler to understand where the errors
come from, how to repair the model, and what rules need to be added (if any).

2
From now on we use the terms “simulation run” and “configuration” interchangeably,

where a simulation run is the result of an interpretation function satisfying the
conceptual model. In other words: if we take the UML diagram as a M1-model (in

the MDA-sense), a configuration is a M0-model that could instantiate that M1-

model; if we take the UML diagram as a logical specification, then a configuration

is a logical model of that specification. Finding these valid configurations given a

specification is the classical task performed by a model finder.
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(and possibly inconsistent) feedback for the same simulation, the labels for each
instance may have multiple values encoding weights, instead of binary values,
such as ‘0’ and ‘1’, like in the example of Figure 1.

‘Rule 1’ and ‘Rule 4’, in Fig. 7, represent the rules accounting for the unin-
tended configurations, namely: i) when instances of ‘Person’ are neither instances
of ‘Man’ nor ‘Woman’ (‘1’); ii) when instances of ‘Person’ are both ‘Woman’ and
‘Man’ (‘4’). The following formulas represent a First Order Logic (FOL) formal-
ization of the derived ‘negative’ rules.

9xPerson(x) ^ ¬(Woman(x) _Man(x)) (4)

9xPerson(x) ^ (Woman(x) ^Man(x)) (5)

A further analysis can be run by checking the results provided by the sub-
group discovery implementation, as from Table 2 below, where we grouped the
most ‘precise’ rules.

Table 2: Extracted rules: some additional insights.

Besides collecting information about the Size (i.e., how many instances are
involved), the Length (i.e., how many predicates are involved) and the Coverage
(i.e., how many instances covered over the total instances), a ranking of the
rules can be provided in terms of, for instance, Precision and Lift. The Precision
value explains the ratio of di↵erent values (‘Pos’ and ‘Neg’, for a certain rule)
for the same instance (in the example we have precision ‘1’, meaning that values
are only ‘Pos’ or ‘Neg’). The Lift value measures the value of a certain rule
considering the ratio of premises and consequences in the given data set (see
[15] for further details). Given the above derived ‘negative’ rules, the repairs
that can be selected by the modelers would be quite straightforward. The input
conceptual model (assuming here a FOL formalization of that model) can be
then constrained as follows:

M = {8xWoman(x) ! Person(x), 8xMan(x) ! Person(x)} (6)

MR = {M, 8xPerson(x) ! (Woman(x) _ Man(x)), 8xMan(x) ! ¬Woman(x)} (7)

Where M represents the original conceptual model and MR represents the
new repaired (i.e., constrained) version of the conceptual model.

6 Conclusion and Perspectives

This paper presents preliminary results towards a framework for diagnosing and
repairing faulty structures in conceptual models. In particular, our objective is
to combine, on one hand, the model finding techniques for generating positive

Living  
Person

Deceased  
Person

∀x LivingPerson(x) → Person(x)
∀x DeceasedPerson(x) → Person(x)
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Fig. 2: List of simulations for the model of Figure 1.

Fig. 3: Simulations of the model in Figure 1 allowing for unintended instances.

Secondly, consider a scenario where several people simulate the same model and
people diverge on what they assign as intended and unintended configurations.
We can then o↵er to the modelers possible options giving them an indication of
how often people chose each of the options. This is about repairing a particular
model by learning from a collective judgment (in this case, a type of meaning

negotiation activity).

In summary, from the marriage between model validation, for finding faults,
and machine learning, for suggesting repairs, a fruitful synergy emerges, which
can support knowledge engineers in understanding how to design and refine
rigorous models.

L.Person D.Person L.Person D.Person L.Person D.PersonL.Person D.Person L.Person D.Person

L.Person D.Person L.Person D.Person L.Person D.Person L.Person D.Person
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# 'Toy' model Alloy configurations
'a' this/Person={Person0}, this/Man={Person0}, this/Woman={}
'b' this/Person={Person1}, this/Man={Person1}, this/Woman={Person1}
'c' this/Person={Person2}, this/Man={}, this/Woman={}
'd' this/Person={Person3}, this/Man={}, this/Woman={Person3}
'e' this/Person={Person4, Person5}, this/Man={}, this/Woman={}
'f' this/Person={Person6, Person7}, this/Man={Person7}, this/Woman={}
'g' this/Person={Person8, Person9}, this/Man={Person9}, this/Woman={Person8}
'h' this/Person={Person10, Person11}, this/Man={Person11}, this/Woman={Person11}
'i' this/Person={Person12, Person13}, this/Man={Person13}, this/Woman={Person12, Person13}
'j' this/Person={Person14, Person15}, this/Man={}, this/Woman={Person15}
'k' this/Person={Person16, Person17}, this/Man={Person16, Person17}, this/Woman={}
'l' this/Person={Person18, Person19}, this/Man={}, this/Woman={Person18, Person19}
'm' this/Person={Person20, Person21}, this/Man={Person20, Person21}, this/Woman={Person21}
'n' this/Person={Person22, Person23}, this/Man={Person22, Person23}, this/Woman={Person22,

Person23},!

Fig. 5: Configurations generated by Alloy (empty model excluded). Each indi-
vidual, e.g., Person0, maps into the corresponding instance in Fig. 2, e.g., #0.

Fig. 6: Examples of simulations annotated as intended/unintended.

The further step here is to convert the above annotation into an example
set collecting information about the input conceptual model and the annotation
provided by the modeler. This will involve an additional input from the modeler,
namely the annotation of what instance in the simulation makes the configura-
tion intended or unintended. For instance, looking at Figure 6 the two instances
to be marked as “negative” are ‘#22’ and ‘#23’.

Notice that, the plan is to use an ad hoc editor to support the annotation
process and the example set generation step. In particular, we will employ the
capabilities embedded in the OntoUML editor [6], which will play a key role
along the process, with some additional features (some of them already imple-
mented), such as: a) exploration of Alloy simulations; b) simulations annotation;
c) negative/positive example set generation.

The overall phase from the input conceptual model, through the generation
of multiple simulations, to the annotation and the generation of the negative/-
positive examples set, can be formalized as a composed function fa, where:

fa : fb � fc (1)

fb : M ! (AM ⇥ S+/�
AM

) (2)

fc : (AM ⇥ S+/�
AM

) ! E+/�
(3)

With M being the conceptual model. AM being the conceptual model con-

verted into Alloy specifications. S+/�
AM

being a set of simulations generated through
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Fig. 2: List of simulations for the model of Figure 1.

Fig. 3: Simulations of the model in Figure 1 allowing for unintended instances.

Secondly, consider a scenario where several people simulate the same model and
people diverge on what they assign as intended and unintended configurations.
We can then o↵er to the modelers possible options giving them an indication of
how often people chose each of the options. This is about repairing a particular
model by learning from a collective judgment (in this case, a type of meaning

negotiation activity).

In summary, from the marriage between model validation, for finding faults,
and machine learning, for suggesting repairs, a fruitful synergy emerges, which
can support knowledge engineers in understanding how to design and refine
rigorous models.
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