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“data are fragments of a theory of the real world, 
and data processing juggles representations of 

these fragments of theory...”



“data are fragments of a theory of the real world, 
and data processing juggles representations of 

these fragments of theory...The issue is ontology, 
or the question of what exists.””



ontology 
A theory about the kinds of 
entities and their ties that 
are assumed to exist by a 
given description of reality

≈





Semantic Interoperability

relating different 
worldviews, i.e., different 

ontologies

=
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Ontology 
An area devoted to developing 

these domain-independent 
“toolboxes” with “tools”for 

supporting ontological analysis

≈



“one of the main reasons that so 
many online market makers have 

foundered [is that] the transactions 
they had viewed as simple and 
routine actually involved many 

subtle distinctions in 
terminology and meaning”. 

Harvard Business Review, 2001



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



Possible  
Interpretations 

of a 
Model

Intended  
Interpretations  

of that 
Model
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A = B



SYSTEM X SYSTEM Y



FALSE AGREEMENT

SYSTEM X SYSTEM Y



ontology 
A theory about the kinds of 
entities and their ties that 
are assumed to exist by a 

given description of reality

≈



ontology 
A theory about the kinds of 

entities and their ties that are 
assumed to exist by a given 
logical description of reality

≈



ontology 
A theory about the kinds of 

entities and their ties that are 
assumed to exist by a given 
logical description in OWL      

of reality

≈
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Explanatory



Descriptive 
(Truth-bearers)

X 
Explanatory

(Truth-makers)
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Isn’t a description  
(just by being a symbolic 

artefact) already an 
explanation?
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“The ontological 
approach to 

explanation” by 
T.Y. Cao(2004). Ontology and 
scientific explanation. Oxford 

University Press 



“whenever we have 
something important but 

difficult to understand, we 
should focus our attention 
on finding what the primary 
entities are in the domain 

under investigation…”



“…Discovering these entities and 
their intrinsic and structural 

properties, rather than 
manipulating uninterpreted or ill-

interpreted mathematical 
symbols, or speculating on free-

floating universal laws and 
principles, is the real work of 

science…”



“Mathematical 
formalisms and universal 
laws and principles are 
relevant and important 
only when they have a 
firm ontological basis.”



Ontological 
Unpacking

Bernasconi et al. Page 10 of 22

real-world Tissue Sampling event. This event, which involves actors such as a
healthcare worker, the individual who undergoes a swab test, and the facility where
the extraction happens, remains under-specified even though it occurs at a precise
point in time and space. Figure 5 represents the transformation between the origi-
nal VCM fragment capturing the aspects regarding the properties of the biological
sample of the host organism with the generated sequence and the unpacked repesen-
tation of the Tissue Sampling event involving various actors and the relationships
among them.

HostSample

GeoGroup

CollectionDate
IsolationSource

SpeciesTaxonID

Sequence
1:1

Country
Region

1:N

Species

OriginatingLab

Gender
Age

Figure 5: Left: VCM excerpt concerning the biological sample from which the
infected tissue is extracted. Right: OntoVCM Tissue Sampling module.

The ExperimentType case

VCM compacts the technological information using the SequencingTechnology, As-

semblyMethod and Coverage of the ExperimentType entity, as reported on the left
side of Figure 6. This simplification oversights a more complex representation where
a Sequencing Platform kind participates in a Virus Sequencing super-event
including a Sample Sequencing event that creates Virus Raw Data collectives
(made of Reads) participating in the Genome Assembly event. This excerpt is
now more broadly captured by the OntoVCM module on Virus Sequencing (see
right-end side of Figure 6).

Experiment
Type

IsComplete

Length

SequencingTechnology
Sequence AssemblyMethod

1:1

1:N

Coverage

GC%
N%

Figure 6: Left: Excerpt of the original VCM technical perspective. Right: On-
toVCM Virus Sequencing module.

Describing a process in space and time

Different databases collect SARS-CoV-2 sequence data. Such databases, and sim-
ilarly the VCM, focus on providing a quick access to data and very minimal de-
scriptions. In doing so, they overlook the complex reality that includes the events of
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ontology
the representation resulting  
from a proper Ontological 

Unpacking 

≈
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What’s in a Relation?



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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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 

27 
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Suppose John marries Mary 













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 

Cristine Griffo, João Paulo A. Almeida, Giancarlo Guizzardi: 
Conceptual Modeling of Legal Relations. ER 2018: 169-183
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What does that buy us?

1. Truthmaking 

2. Makes justice to the complexity of the relational 
phenomena (Precision) 

3. Helps to elicit tacit knowledge that would 
otherwise remain tacit (Completeness)  

4. Disambiguation (Semantic Clarity)



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

2. Delimiting the scope of transitivity of parthood 

3. Subsetting, Specialization, Redefinition 

4. Modularization 

5. Incompatible Predication 

6. The Counting Problem 

7. The Collapse of Cardinality Constraints 

8. The Representation of Anadyc Relations
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pacifist pro-war



pacifist pro-war

pacifist(Nixon) ∧ proWar(Nixon) ∧ (¬∃x . pacifist(x) ∧ proWar(x))



Pacifism Pro-war



Pacifism Pro-war

pacifist(Nixon − qua − Quaker) ∧ proWar(Nixon − qua − Republican)
∧ inheres(Nixon − qua − quaker, Nixon) ∧ inheres(Nixon − qua − Republican, Nixon)

∧ (¬∃x . pacifist(x) ∧ proWar(x))



The Counting Problem



The Counting Problem

• KLM flew 2000 passengers in 2021 

• Every passenger is a person 

• ERGO, KLM flew 2000 People in 2021



The Counting Problem

• KLM flew 2000 passengers in 2021 

• Every passenger is a person 

• ERGO, KLM flew 2000 People in 2021

Identity



The Counting Problem

• KLM flew 2000 passengers in 2021 

• Every passenger is a person 

• ERGO, KLM flew 2000 People in 2021

Existential Dependent











The Collapse of 
Cardinality Constraints





How to interpret 1..* ?
• Given a treatment, there is exactly one patient, exactly one healthcare provider 

but both patient and healthcare provider can participate in many treatments

• Given a treatment, there are possibly many patients, exactly one healthcare 
provider but both patient and healthcare provider can participate in many 
treatments

• Given a treatment, there is exactly one patient, possibly many healthcare 
providers but both patient and healthcare provider can participate in many 
treatments

• Given a treatment, there are possibly many patients, possibly many healthcare 
providers and both patient and healthcare provider can participate in many 
treatments

• Given a treatment, there are possibly many patients, possibly many healthcare 
providers and both patient and healthcare provider can participate in exactly 
one treatment

• …
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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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Value and Value 
Proposition, Risk, 

Preference, Service, 
Product Offerings and 

Economic Transactions, 
Contracts, Trust, 
Privacy, Money



These are all relational 
phenomena, which 

require a rich theory and 
expressive modeling 

support for 
relationships!
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Logo

Ontological Concerns

Design and  
Implementation  
Concerns

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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Take Away Messages
• ontology is inevitable and it is fundamental for 

semantic interoperability 

• …but we have to do it right, e.g., separating 
ontological issues from design and implementation 
issues 

• and we need models that reveal the real-world 
semantics underlying a given representation. 
Description is not enough, we need Explanation! 
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