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“Conceptual Modeling is the activity of
describing aspects of the physical and
social world for the purpose of
understanding and communication. ..
the adequacy of a conceptual modeling
notation rests in its ability to promote
understanding about that world
among its human users”

(John Mylopoulos, Conceptual Modeling and Telos, 1992)
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Much larger degrees of
automation producing
information in all forms



The Taxonomy of Animals
inThe Celestial Emporium of
Benevolent Knowledge (Borges)

* Those that belong to the emperor
e Those that resemble flies from a distance

* Those that have just broken a tflower vase

e Embalmed ones

e Fabulous ones



“Those that resemble flies from a distance”

IS a logica

It's not

g

ly possible way to group objects, but

ow we naturally make sense of t

world. No real language would have a nou

such a category...
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Real nouns capture

e
for

something deep:; they refer to kinds of things
that are thought to share deep properties...”

(Paul

Bloom, How

Pleasure Works, 2010)



“...As the evolu

Gould put it, 0

Ur classificat

lonary theor!

IoNS dor

st Stephen Jay

1 just

exist to avoid chaos, they are “theories
about the basis of natural order.”

(Paul Bloom, How Pleasure Works, 2010)



Carving reality
at 1ts joints [Plato]:







‘Carving up Reality”

We need to guarantee
Intra-worldview Consistency
and

Inter-worldview Interoperability
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The Increasing need to
answer Cross-Silo
Questions
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The Criticality of the
Domains Involved and
Complexity of the
Concepts at hanad



‘Carving up Reality”

e [here I1s not doubt about the brute

reality. The issue Is Ir

part of reality accord

terpreting that

Nng 10 a cert

system of categories

dlln

* [hese categorization operations are In

a sense a prioristic



Ontology

* Forthat we need a a prioristic system of categories
and their ties addressing issues of [dentity, 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



UFO
(Unified Foundational Ontology)

e Over the years, we have built a Philosophically and
Cognitively well-founded Ontology to contribute to the general
goal of serving as a Foundation for Conceptual Modeling

e This Ontology has been used to as a theory for addressing
may classical conceptual modeling constructs such as Object
Types and Taxonomic Structures (CAISE 2004, CAISE 2007,
CAISE 2012), Part-Whole Relations (CAISE 2007, CAISE 2009,
FOIS2010, CAISE 2011), Intrinsic and Relational Properties
(ER 2006, ER 2008, ER 2011, CAISE 2015), Weak Entities,
Attributes and Datatypes (ER 20006), Events (ER 2013),
Services (EDOC 2013), Capabilities (EDOC 2013), Goals,
Communities, Organizational Structures, etc...
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Anti-Rigid Sortals
(Roles and Phases)



Anti-Rigid Sortals
(Roles and Phases)







Anti-Rigid Mixins
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Type”

/ \ MIXIN

Sortal Type , Insurable entity,

/ \ cultural heritage item)

o Anti-Rigid
Rigid Sortal Type Sortal Type
or KIND including ROLES
(e.., person. (e.g., student, singer)
dog, organization and PHASES

car) (e.q., living person,

metropolis)

x
(these ontological distinctions with the meaning they have in OntoUML were first presented at Guizzardi,

Wagner, Guarino & van Sinderen in CAISE, 2004 and are strongly based on the ontological distinctions
underlying the OntoClean methodology, see Guarino & Welty, 2002, 2004)



1

Ontologically well-defined,
formally characterized and
cognitively souna
systems of types



2

Precise methodological
guidelines for choosing how to
model ditferent elements In
the universe of discourse



Problem (1)

1. Characterize the difference between the following
types:

* Person, Apple, Car, Dog, Organization
e Student, Singer, President, Employee
 Adult, Puppy, Metropolis

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



Pergon I\/Iein Adult Man
. R 4

Living )

Darson » YOUNQg Boy

A v g
British Citizen  Singer Economist



Person
\

Living )
Person

British Citizen

Adult Man
R 4

W

« |
Economist



Solution

1. Characterizing the difference between:

« NATURAL TYPE/KIND (e.g., Person, Apple, Car) = RIGID
SORTAL

« ROLE (e.g., Student, President, Employee) = ANTI-RIGID
+ RELATIONALLY DEPENDENT SORTAL

« PHASE (e.qg., Living Person, President,Employee) = ANTI-
RIGID + RELATIONALLY INDEPENDENT SORTAL

« MIXIN (e.g., Crime Weapon, Insurable ltem, Sharp
Object, Rational Agent, Cultural Heritage ltem)? = MIXIN



3

Incorporation of ontological
constraints in the language
metamodel to guarantee
ontological consistency
by design



Role

- All instances of a given ROLE are of the same KIND
(e.q., 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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Person
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We run into a logical contradiction!



Role

- All instances of a given ROLE are of the same KIND
(e.q., 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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The Emerging Phase Pattern
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Problem (2)

1. Suppose that | 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
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A Possible Alternative”
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I'he emerging
RoleMixin Pattern
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Which one Is better?
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Disk Drive Memory
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by Chris Welty



The RoleMixin Pattern in ORM

(a) (b)
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Precise methodological
guidelines for mapping into
different implementation
environments



Conceptual Modeling




Conceptual Modeling
ONTOUML




Why is this important”?




Valid state of affairs Intended state of affairs
according to the representation according to the Conceptualization
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Valid state of Intended state of affairs
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Over-constraining



False Agreement
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Constraints
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Constraints



AB
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Constraints



AB
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Conceptual Model = Structure + Axiomatization



AB

\

Conceptual Model = Structure + Axiomatization
(Ontological Commitment)
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Conceptual Model =
Structure + Domain-Independent Axioms +
Domain-Specific Axioms
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Simulation and Visualization
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Preface

The success of this Data Modeling Guide for an Enterprise Logical Data Model could not have been
possible without the inspired and exhaustive research of Giancarlo Guizzardi, notably his “Ontological
Foundations for Structural Conceptual Models,” published in 2005 in association with the Centre for
Telemetrics and Information Technology, which provided the theoretical foundation for the
methodologies describe within, and from which real world, practical implementations have already
ensued.

At the core of Guizzardi’s modeling paradigm are the principles of Rigidity, Uniform Identity and
Existential Dependence. From those foundational tenets he extrapolates the concepts of SortalUniversal
(Unified Principle of Identity), MixinUniversal (Disparate Set of Concepts), and finally the constructs of
SubstanceSortal (Kind, Quantity, and Collective), Subkind, Phase, Role, Category, RoleMixin and Mixin. In
short, the total package offered to us by Guizzardi contained a complete and fully integrated set of
concepts and constructs that left us wanting for nothing.



OntoUML Model Benchmark

e Model benchmark with 56 models

e Models in domains such as Provenance in Scientific
Workflow, Public Cloud Vulnerability, Software
Configuration Management, Emergency Management,
Services, IT Governance, Organizational Structures,
Software Requirements, Heart Electrophisiology,
Amazonian Biodiversity Management, Human
Genome, Optical Transport Networks, Federal
Government Organizational Structures, Normative
Acts, and Ground Transportation Regulation



The Emerging Anti-Pattern: Relation
Between Overlapping Types (RelOver)

«Kind»ST
«role»T1 «role»T2 cas «role»T3
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The Emerging Anti-Pattern:
Relation Specialization (RelSpec)
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Heart X

Ventricle Y

Heart as Pump X

Heart as Pump Z

Ventricle as Pump Y

Ventricle as Pump W

Heart Z
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Anti-Pattern Catalogue

Association Cycle

Binary Relation Between Over. Types

Deceiving Intersection

Free Role Specialization
Imprecise Abstraction

Multiple Relational Dependency
Part Composing Over. Roles
Whole Composed by Over. Parts
Relator Mediating Over. Types
Relation Composition

Relator Mediating Rigid Types
Relation Specialization
Repeatable Relator Instances

Relationally Dependent Phase
Generalization Set With Mixed Rigidity
Heterogeneous Collective
Homogeneous Functional Complex
Mixin With Same Identity

Mixin With Same Rigidity

Undefined Formal Association
Undefined Phase Partition



Anti-Patterns

(AP)

RelSpec

ImpAbs

AssCyc

RelOver

RepRel

BinOver

AP Occurrences

817

758
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149

319

224
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Relator

Relator
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RMC /AP Ratio
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Ji i

8.08

3.77

17.93

% of Qualified

Models with AP
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48.15%

72.22%

92.59%

25%

64.58%

48.15%



Relevant Model % of Qualified
AP Occurrences Construct RMC /AP Ratio Models with AP
(RMCO) Occurrence

Anti-Patterns
(AP)

RelSpec Association . 48.15%

ImpAbs 758 Association 5.30 72.22%
AssCyc 1809 Association 2.22 92.59%
RelOver 149 Relator 8.08 25%
RepRel 319 Relator 3.77 64.58%

BinOver 224 Association 17.93 48.15%
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Anti-Pattern #Occ. #Error #Error / #Occ. #Refac. /#Error

RelSpec 315 279 88.6% 97.1%
RepRel 221 57 25.8% 84.2%
RelOver 124 70 56.5% 77.1%
BinOver 74 31 41.9% 74.2%
AssCyc 20 14 70.0% 71.4%
ImpAbs 125 11 8.8% 27.3%

Total 879 462 52.56% 88.53%
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OntoUML Criminal Investigation
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Detecting AntiPatterns

[V] STR : Seif-Type Relationship

[¥] 1A : Impredse Abstraction

[V] RWOR : Relator With Overlapping Roles

[V] RBOS : Relation Between Overlapping SubTypes
[V] AC : Association Cyde

[V] RS : Relation Specialzation

[7] RWRT : Relator With Rigid Types

[V] TRI : Twin Relator Instances

| | MRBS : Multiple Redators Between Sortals

[ ] SSR : Super and Sub Relations
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AC AntiPattern : 2 items found.
RS AntiPattern : 2 items found.
RBOS AntiPattern : 1 items found.
STR AntiPattern : 1 items found.

IA AntiPattern : 3 items found.
TRI AntiPattern : 2 tems found.
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RWOR AntiPattem : 2 items found.
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A ||
Relator With Overlapping Roles
Relator: Criminal Investigation
Customizing Disjoints Roles: Add
Lead Detective Witness Detective Suspect

-

v = | .
Exclusive Exclusive from Table Overlapping 1
Disjoint Disjoint from Table 1

“Criminal Investigation™ Scope: 214 (atleast)
Execute With Analyzer OCL Solution
y
N | BV | L MNOHEB
AV
1 context _'Criminal Investigation'
2 inv: self.witness.oclAsType(Person)->asSet()->intersection(self.detective.oclAsType(Person)->asSet())->size()=0
3
4 context _'Criminal Investigation'
5 inv: self.witness.oclAsType(Person)->asSet()->intersection(self.suspect.oclAsType(Person)->asSet())->size()=0
6
7 context _'Detective’
2 inv: not self.oclIsTypeOf(Suspect)
9

g
i

r. Warnings | /\ Errors Output | ' OCL Editor




"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)



The Humble Ontologist

[What] | have chosen to stress in this talk is the following.

We shall do a much better ontology job in't
that we approach the task with a full ap

tremmendous complexity,...,provided we respect t

ne futu

oreclat

e, provided
ion of its

ne INtrinsic

imitations of the human mind and approach the task a Very

Humble Ontologist

(paraphrasing Dijkstra’s Humble Programmer, 1972)



Demos, Tools and
Model Repository



Demos

https://www.youtube.com/channel/
UC9pKWYDVEevmDHaGQybAB1g



https://www.youtube.com/channel/UC9pKWYDVEevmDHaGQybAB1g

lools

https://www.facebook.com/
ontoumleditor

https://code.google.com/p/ontouml-

ightweight-editor/

http://www.menthor.net



https://www.facebook.com/ontoumleditor
https://code.google.com/p/ontouml-lightweight-editor/
http://www.menthor.net

Model Repository

http://www.menthor.net/model-

repository.html



http://www.menthor.net/model-repository.html
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