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“Conceptual Modeling is the activity 
of representing the physical or 
social world for the purposes of 
communication, problem-solving 

and meaning negotiation         
among humans”  

(Guarino, Mylopoulos & Guizzardi, 2019) 
Philosophical Foundations for Conceptual Modeling



Conceptual 
Modeling �

Interface between Reality 
and Cognition

≈



“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.””
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The opposite of Ontology 
is not Non-Ontology is 

Bad Ontology!



Ontology as a  
Calculus of Content

• For that we need a a prioristic system of categories 
and their ties addressing issues of Identity, Unity 
(Parts and Wholes), Individuation, Change, 
Classification and Taxonomic Structures, 
Dependence (Existential, Historical, Relational, 
Notional), Causality, Essential and Accidental 
Characterization 

• We need Formal Ontology and Ontological 
Analysis



Ontology-Driven  

Conceptual Modeling

A discipline aiming at developing ontology-based 
methodologies, computational tools and modeling 
languages for the area of Conceptual Modeling 



Classification and Taxonomic 
Structures, Part-Whole Relations, 
Relations, Causality, Multi-Level 
Modeling, Dependence, Events, 

Roles, etc…

↝Foundational 
Theories



Engineering 
Tools

Modeling Languages, 
Methodologies, Computational 

Tools, Patterns, Anti-Patterns, Code 
Generators, Simulators, Complexity 
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Software (Configuration 
Management, Adaptation and Run-
Evolution, Defects and Anomalies, 

etc…)
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Microeconomics (Service, Value, 
Economic Transactions, Trust,  

Contracts, Preference, Money, Risk,  
etc…)
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We have analyzed and proposed 
improvements to a number of 

conceptual modeling languages 
and standards (e.g., ARIS, 

Archimate, BPMN, i*, DES…)
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Abstract. In this paper, we critically survey the existing literature in
ontology-driven conceptual modeling in order to identify the kind of research
that has been performed over the years and establish its current state of the art by
describing the use and the application of ontologies in mapping phenomena to
models. We are interested if there exist any connections between representing
kinds of phenomena with certain ontologies and conceptual modeling lan-
guages. To understand and identify any gaps and research opportunities, our
literature study is conducted in the form of a systematic mapping review, which
aims at structuring and classifying the area that is being investigated. Our results
indicate that there are several research gaps that should be addressed, which we
translated into several future research opportunities.

1 Introduction

Modeling, in all its various forms, plays an important role in representing and sup-
porting complex human design activities. Especially in the development, the analysis,
as well as in the re-engineering of information systems, modeling has proved to be an
essential element in achieving high performing information systems [1]. More
specifically, conceptual models are descriptions of the organizational context for which
a particular system is developed [2]. According to Stachowiak [3], a model possesses
three features. The mapping feature, of a model can be seen as a representation of the
‘original’ system and is expressed through a modeling language. Second, the reduction
feature characterizes the model as only a subset of the original system. Finally, every
model is created with an intended purpose or objective, i.e. the pragmatic feature. Due
to many project failures that were the consequence of faulty requirement analysis in the
1960s, the importance of conceptual modeling grew substantially as a means to enable
early detection and correction of errors. As a consequence, a wide range of conceptual
modeling-based approaches and techniques were introduced. Criticism however arose,
stating that most of these modeling-based approaches and techniques were based on
common sense and the intuition of their developers, therefore lacking sound theoretical
foundations [4, 5]. This led to the introduction of ontologies, which provide a foun-
dation for conceptual modeling by means of a formal specification of the semantics
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Table 1. Frequency table - type of ontology

Type of Ontology Frequency Type of Ontology Frequency

Foundational Ontology Semantic Web 

BWW 68 Web Service Modeling Ontology 
(WSMO) 3

UFO 24 DAML ontology 1
General Formal Ontology 
(GFO) 4 FOAF ontology 1

Discrete Event Simulation 
Ontology (DESO) 3 Geographic Ontology 1

DOLCE 3 MUSIC Ontology 1

Chisholm Ontology 2 RICO Ontology 1

SUMO 2 USMO ontology 1

BORO 1 Software Systems Development & Architecture
Basic Formal Ontology 
(BFO) 1 Architectural Style Ontology 2

Searle’s Ontology 1 FRISCO 1

Business/Enterprise GUIMeta Ontology 1

REA 5 IT Service Configuration 
Management Ontology 1

UEML Ontology 2 ONTOMADEM 1

CM Task Ontology (CMTO) 1 Software Measurement Ontology 2
Construction Core Ontology 
(CCO) 1 Technology Risk Ontology 1

Domain Ontology for 
Resource (DORe) 1 Vulnerability-Centric Ontology 2

EAF Ontology 1 Medicine & Healthcare
e-Business Model Ontology 
(e-BMO) 1 HOTMES Ontology 2

Project-Collaboration 
Ontology (PCO) 1 ECG Ontology 1

PRONTO 1 Neuroweb Reference Ontology 1

e3 Service Ontology 3 Public Health Informatics (PHI) 
Ontology 1

SOA Ontology 1 Conceptual Design Knowledge

Database Design & Architecture Activity-Space Ontology 1

AERDIA ontology 1 CAM ontology 1

Context Ontology 1 Port Ontology 1

ITSM Knowledge Ontology 1 Scale-extended Geo-Ontology 1

Transportation Tactile information ontology 1
Public Transportation 
Ontology 1
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3.3 RQ3: How Are Ontologies and CMLs Applied to Represent
Phenomena?

To gain a better understanding of the two most applied ontologies in ODCM, we have
mapped their frequency of references over time. As we can see from Fig. 2, the BWW
ontology has been especially popular in the years 2005-2009. However, since UFO’s
introduction in 2005, researchers performing ODCM have keenly adopted the ontol-
ogy. It is clear that many users of BWW have switched to UFO in the years 2010–
2015.

To better explain this shift in ontologies, we take a closer look at which phenomena
the ontologies have been applied for in ODCM. As displayed in Table 3, more than
half of all the phenomena that are related to the BWW ontology are categorized into the
static perspective. Both the dynamic and B&F perspective each represent around 25 %
of the phenomena that correspond with the BWW ontology. Contrary to the UFO
ontology, more than half of the phenomena belong to the B&F perspective. These
results imply that the BWW and UFO ontologies are being applied for specific kind of
phenomena. Our results would suggest that the BWW ontology is more convenient to
apply to static phenomena while the UFO ontology is more suited to deal with B&F

Fig. 2. BWW and UFO over time
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Type

Sortal Type MIXIN
(e.g., insurable entity,  
cultural heritage item)

Rigid Sortal Type 
or KIND 

(e.g., person,  
dog, organization  

car)

Anti-Rigid  
Sortal Type 

including ROLES
(e.g., student, singer)  

and PHASES
(e.g., living person,  

metropolis)



Person Man Adult Man

British Citizen Singer Economist

Young BoyLiving  

Person



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 

• MIXIN (e.g., CULTURAL HERITAGE ENTITY, PHYSICAL 
ENTITY, INSURABLE ITEM)? = MIXIN



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	 	
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The Emerging Role Pattern
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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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«role»
Student

«kind»
Person

«kind»
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1..*

enrolled.at

□(∀x Person(x) → □(Person(x)))
□(∀x Student(x) → ◊(¬Student(x)))
□(∀x Student(x) → Person(x))
□(∀x Student(x) → ∃y Educational Institution(y) ∧ Enrolled-at(x,y))
… 
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The Emerging Anti-Pattern: Relation 
Between Overlapping Types (RelOver)

than one, and at least one of the related types containing its own subtypes. The source 
of the inconsistency comes from the representation of a single, more abstract associa-
tion between T1 and T2, instead of more concrete ones between T1 and T2’s sub-
types. In this case, there might be domain-specific constraints missing in this model 
referring to which subtypes of T2 an instance of T1 may be related. As example, sup-
pose that in Fig.3(b) an instance of T1 can only be related through relation R to in-
stances of a particular SBTi, or that instances of T1 are subject to different cardinality 
constraints on R for each of the different subtypes SBTj. An example in the model of 
Fig.1 is the following: although a Criminal Investigation can have at least two Detec-
tives , exactly one of them must be a Captain.  

Fig. 3. Structural configuration illustrating the (a) AC, (b) IA and (c) RWOR. 

4.6 Relator With Overlapping Roles (RWOR) 

The generic structure of the Relator With Overlapping Roles (RWOR) anti-pattern is 
depicted in Fig. 3(c). It is characterized by a Relator (R1) mediating two or more 
Roles, (T1, T2… Tn) whose extensions overlap, i.e. have their identity principle pro-
vided by a common Kind as a super-type (ST). In addition, the roles are not explicitly 
declared disjoint. This modeling structure is prone to be overly permissive, since there 
are no restriction for an instance to act as multiples roles for the same relator. The 
possible commonly identified intended interpretations are that: the roles are actually 
disjoint (disjoint roles), i.e., no instance of ST may act as more than one role for the 
same instance of a relator Rel1 (mutually exclusive roles); some roles may be played 
by the same instance of ST, while others may not (partially exclusive roles). An alter-
native case is one in which all or a subset of the roles in question are mutually exclu-
sive but across different relators. An instance of RWOR is our running example is 
discussed in section 5.   

4.7 Twin Relator Instances (TRI) 

This anti-pattern occurs when a relator is connected to two or more «mediation» asso-
ciations, such that the upper bound cardinalities at the relator end are greater than one.  
The problem associated with this anti-pattern is that it opens the possibility for two 
distinct instances of the same relator type to co-exist connecting the very same relata 
instances. We empirically found that the existence of these relator instances in this 
situation should frequently be subject to several different types of constraints. For 
instance, it can the case that there cannot be two different relator instances of the 
same type connecting the very same relata. An example in the domain depicted in fig.
1 could be: one cannot be the subject of a second criminal investigation as a suspect 
and be investigated by the same detectives that interrogate the same witnesses. There 
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obtain a visual representation of an instance of this model, as depicted in Figure 20 . In this instance, 
investigation Property2 has as witness Object0, who is questioned in interrogation Property1 by detective Object2, 
who is member of investigation Property3, not investigation Property2. In other words, the model allows for a 
representation of a state of affairs in which an interrogation that is part of a criminal investigation is conducted by 
a detective that is not part of that investigation. Let us suppose that the creators of that model do not intend such a 
state of affairs. The modelers can then request the editor for an OCL solution that would proscribe instances with 
this detected unintended characteristic (Figure 19.4). In this case, the OCL constraint to be incorporated in the 
model (Listing 7) is the following: 

 
Figure 20. Possible interpretation of the AssCyc identified in the Criminal Investigation model. 

 
Listing 7. Auto-generated solution to forbid cycles at the instance level. 

An example of an identified RelOver occurrence involves Criminal Investigation as a relator that mediates the 
Roles Detective, Lead Detective, Suspect and Witness. As explained in Section 4, there are three types of possibly 
unintended cases that can be allowed by an occurrence of this anti-pattern. First, all roles are exclusive in the scope 
of a particular relator, which means in this example that in each particular Criminal Investigation, the roles of 
Suspect, Witness, Detective and Lead Detective are necessarily all instantiated by different people. Second, it may 
be the case that only some of these roles are exclusive in the scope of a particular relator, for example, the 
Detective and the Suspect are exclusive, but not Detective and Witness, or Suspect and Witness. Finally, it may 
also be the case that some of the roles are disjoint (across different relators). For example, suppose the constraint 
that Detectives who participate in an ongoing Investigation cannot be considered a Suspect in another 
Investigation. Let us suppose that, as a first action to rectify the model, the modeler chooses to declare all roles as 
exclusive w.r.t. a given Investigation. The set of instances of the resulting model, hence, includes the one depicted 
in Figure 21. By inspecting such possible instance, the user can then realize that she perhaps overconstrained the 
model since, as a result of declaring all roles as exclusive, we have that the responsible for a given Investigation 
(i.e., the Lead Detectives) cannot be considered as a participant of that Investigation (i.e., one of its Detectives). 
The modeler can then once more rectify the model by choosing among a set of solutions offered by OLED. She 
might choose to declare the roles of Witness and Suspect disjoint w.r.t. a given Investigation (Listing 8), but also to 
declare that the roles of detective and suspect should be disjoint across different investigations, which the tool 
enforces by the creation of a generalization set. 

 





“Few modelers, however,  
have had the experience of subjecting  

their models to continual, automatic review.  
Building a model incrementally with an analyzer, 

simulating and checking as you go along, is a very 
different experience from using pencil and paper alone. 

The first reaction tends to be amazement: modeling is 
much more fun when you get instant, visual feedback. 
Then the sense of humiliation sets in, as you discover 

that there’s almost nothing you can do right.”  
 

(Daniel Jackson, Software Abstractions : Logic, 
Language, and Analysis, 2006)
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