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AN ENGINEERING VIEW ON 
ONTOLOGICAL ENGINEERING



Scenario 1: Information Exchange

Suppose a consortium of enterprises that needs to exchange 
information in the context of a coordinated action?

How to guarantee the preservation of the original meaning of 
the information across partners?

How to guarantee this inside an organization?

E.g.: Petroleum Industry (IIP - Integrated Information Platform)



Scenario 2: Component Integration in 
heterogeneous scenarios

Suppose and Organization that needs to configure a new 
product/platform/service from already existing and tested 
components (applications, products, services)

E.g.m: Service Integration, Integrated Development 
Environments 



Scenario 3: Information Integration

Suppose an Organization that needs to have an integrated 
view of the information which is produced in its 
organizational units in a concurrent and distributed manner

E.g.,: Intelligent Decision Making; Business Intelligence; 
Knowledge and Integration Management; E-Government













The Dodd-Frank Wall Street Reform and Consumer Protection Act
(``Dodd-Frank Act'‘) was enacted on July 21, 2010. The Dodd-Frank 
Act, among other things, mandates that the Commodity Futures 
Trading Commission (``CFTC'') and the Securities and Exchange 
Commission (``SEC'') conduct a study on ``the feasibility of requiring 
the derivatives industry to adopt standardized computer-readable
algorithmic descriptions which may be used to describe complex 
and standardized financial derivatives.'' These algorithmic 
descriptions should be designed to ``facilitate computerized 
analysis of individual derivative contracts and to calculate net 
exposures to complex derivatives.'' The study also must consider 
the extent to which the algorithmic description, ``together with 
standardized and extensible legal definitions, may serve as the 
binding legal definition of derivative contracts.'‘



7. Do you rely on a discrete set of computer-readable descriptions
(``ontologies'') to define and describe derivatives transactions and
positions? If yes, what computer language do you use?

8. If you use one or more ontologies to define derivatives
transactions and positions, are they proprietary or open to the 
public? Are they used by your counterparties and others in the 
derivatives industry?

9. How do you maintain and extend the ontologies that you use to
define derivatives data to cover new financial derivative products? 
How frequently are new terms, concepts and definitions added?

10. What is the scope and variety of derivatives and their
positions covered by the ontologies that you use? What do they 
describe well, and what are their limitations?
.



What is common to all 
these cases?
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What we see…

Giancarlo Guizzardi

Research

My current main line of research is concerned with the application of foundational ontologies in 
the development of philosophically and cognitively well-justified methodological tools for 
conceptual modeling in computer science. On this topic, I have been working for many 
years in a close collaboration with Gerd Wagner (Brandenburg University of Technology at 
Cottbus), Nicola Guarino (Institute for Cognitive Science and Technology, Laboratory for 
Applied Ontology, Trento), and Heinrich Herre (Formal Concepts Group, University of 
Leipzig) in the context of GFO/GOL (General Formalized Ontology/General Ontology 
Language) Project.

From 2000 to 2005, I have worked with Marten van Sinderen and Luis Ferreira Pires in the 
ASNA (Architecture and Services of Network Applications) Research Group in University of 
Twente in The Netherlands. As a result of my work there, I have received a PhD (Cum 
Laude) from the same university. The results of my PhD research have been published in 
the book “Ontological Foundations for Structural Conceptual Models”.           

Since May, 2005, I have been holding an Associate Researcher position in the Laboratory of 
Applied Ontology (LOA), which is part of the Institute of Cognitive Science and Technology 
(ISTC), in Trento, Italy. Since March, 2006, I have been also holding an Associate 
Professor position at the Federal University of Espírito Santo, in Vitória, Brazil.

My other research interests include Software Engineering (in particular Domain Engineering, 
Semantic Application and Interoperability of Tools, Semantic Software Environments, 
Software Reuse), FOL and Modal Logics, Design of Domain-specific visual languages, 
Formal Languages and Design Methods and Architectures for Open Distributed Systems 
(including Enterprise modeling, Distributed Multimedia Systems and Context-Aware 
applications).

To know more about my research one should check my Publications





What our computer sees…

WWW2002

The eleventh inteqnational woqld wide web 

confeqence

Sheqaton waikiki hotel

Honolulu, hawaii, USA

7-11 may 2002
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What we can do

Define Classes

Define relations between classes

Define classes using set-theoretical operators

Define datatypes and datatype properties

Define (binary, directed) domain relations

Define relations between relations

Define formal meta-properties of relations



Important Limitations and Unanswered 
Questions

Do all classes relate to their instances in the same manner?

Where do the formal meta-properties of relations come from?

In particular, how do I delimit the scope of transitivity of part-
whole relations?

Where relations have to be binary? 

How can we capture temporal notions?



Reasoning Rules

A  B

A

---------

B

A   B

A

---------

B



Classical Logics (Predicate Calculus)

FOR ALL x  Scientist(x)  Person (x)

FOR ALL x ScientificBook(x)  Book (x) AND (EXISTS y Scientist(y) 
AND AuthorOf(y,x))

FOR ALL x,y ScientificBook(x) AND AuthorOf(y,x)  Scientist(y)

Let´s assume the following facts:

ScientificBook(Data&Reality)

AuthorOf(Data&Reality,Bill Kent)

Can we prove that Bill Kent is a person? 



Classical Logics (Predicate Calculus)

YES!

FOR ALL x,y ScientificBook(x) AND AuthorOf(y,x)  Scientist(y)

ScientificBook(Data&Reality)

AuthorOf(Data&Reality,Bill Kent)

Scientist(BillKent)

FOR ALL x Scientist(x)  Person (x)

Scientist(BillKent)

Person(BillKent)



Relevant Reference

Antoniou, G. ; van Harmelen, F.,  "Web Ontology Language: 
OWL", Handbook on Ontologies in Information Systems", 
Springer-Verlag, 2003.



SEMANTIC INTEROPERABILITY: THE
PROBLEM REVISITED
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representation interpretation
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representation interpretation

semantic distance ()



M

representation interpretation

semantic distance ()

when  < x then we consider the communication to be effective, i.e., we assume the 

existence of single shared conceptualization 
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Well-Founded Conceptual 
Modeling Techniches

Controlled 

Vocabularies and 

Lexical Resources

Relevance of the Semantic 

Inteoperability Task
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Intractable!

Easy!

Data Formats negocitated
in Natural Language

An Alternative View…

By J.P.A. Almeida



“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/”



Consistent
Integrated Use

By Maria Luiza Campos
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FALSE AGREEMENT!

By Nicola Guarino



“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)
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The alternative to ontology is
not “non-ontology” but bad
ontology!



Relevant Reference

Guizzardi, G., On Ontology, ontologies, Conceptualizations, 
Modeling Languages, and (Meta)Models, Frontiers in 
Artificial Intelligence and Applications, Databases and 
Information Systems IV, Olegas Vasilecas, Johan Edler, 
Albertas Caplinskas (Editors), ISBN 978-1-58603-640-8, IOS 
Press, Amsterdam, 2007.

Guizzardi, G., Halpin, T. Ontological Foundations for 
Conceptual Modeling. Applied Ontology. , v.3, p.91 - 110, 
2008.



EXAMPLE OF SEMANTIC 
INTEROPERABILITY PROBLEMS IN 
LIGHTWEIGHT ONTOLOGIES



“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/”



Fragment of a Spatial Ontology

• Constraints:

For every two arbitrary physical objects X 

and Y, if there are two spatial locations A, B, 
such that X occupies A, Y occupies B, and A 
is equal to B, then X and Y are the same 

physical object.

For every two arbitrary physical objects X 
and Y, X is equal to Y if and only if they have 
the same parts.

• This ontology could be used by 
a GPS sensor agent to provide 
a service to track the location 
of physical objects in a 
context-aware platform

p:includes

Physical

Object

p:occupiesp:isInside

Spatial

Location



Fragment of a Hospital Ontology

• This ontology could be used for 
defining applications for 
checking location of patients, 
locate organs for transplants, 
and so forth. i:Physical

Object

Biological

Object

Inanimate

Object

Human

Organ

Human

Heart

Human

Being

Male Female

i:Spatial

Location

Surgery

Room



Fragment of a Legal Ontology

• This ontology could be 
used by legal 
applications to refer to 
the medical histories of 
people; to have access 
to their personal data 
(e.g., blood type, skin 
colour, fingerprints, 
height, weight); to 
differentiate people by 
sex; or to maintain a 
record of living and 
deceased people in a 
community.

p:parentOf

Person

Living

Person

Deceased

Person

Parent

Father Mother

Offspring

i:Human

Being

i:Male i:Female



Fragment of a Museum Ontology

• This ontology could be 
used to define spatial 
locations of entities like 
galleries within a 
museum, or inanimate 
objects like statues. 
These imported 
ontologies allow for 
applications to locate 
objects within the 
museum (e.g., statues, 
paintings

Statue

i:Spatial

Location

Museum Gallery

i:Inanimate

Object



Fragment of a Music Ontology

• This ontology could be used to by an Event Advisor to 
notifies users about upcoming events that match their 
personal interests. 

Performer

Artist

Band i:Person



Possible Interoperability Problems

1. An application using the Hospital Ontology can derive the 
following wrong information: 

if a human being receives a heart transplant, he/she becomes a 
different human being. 

Similarly, consider a tourist route planner application that plans a 
route including tourist points of interest or events never seen by 
the user of the application. Due to an accident, a human statue 
known by the user has lost a hand. The application will consider 
this statue different from the one the user visited; therefore it 
will be included in the route plan by error. This example uses a 
physical object (statue) for the purpose of illustration of the 
problem, but an analogous situation can be imagined with events 
such as a play or a concert



Possible Interoperability Problems

2. Suppose an application for the obituary section of a music 
newspaper, which sends information about artists who die. It 
uses the Musical ontology, which imports the Legal ontology (to 
reuse the concept of person). 

• The application will malfunction and it will send information about 
every person who dies, since [according to the Music Ontology] 
every person is a performer artist. The intention in the ontology is 
to represent that either persons or bands are performer artists. 
However, as a side effect, the ontology also states that every 
person is a performer artist



Possible Interoperability Problems

3. Since the Music ontology imports the Legal ontology, which 
imports the Medical ontology, the heart (and all other parts) of 
a person can be inferred to be part of a band, due to transitivity 
of the “partOf” relation, which can cause undesirable inferences 
to be derived



Music Ontology vs. MusicBrainz and FOAF

Artist

Person Group

partOf

Album

p:creatorOf

Track

p:creatorOf

p:track

Agent

Person Group

Organization

p:knows

p:memberOf



Spatial Ontology vs. SOUPA

SpatialThing

longitude

latitude

altitude

LocationCoordinates

GeographicSpace

p:spatiallySubsumesp:spatiallySubsumedBy

p:hasLocation

SOUPA integrates parts of several other ontologies such 

as FOAF, DAML-Time, OpenCyC and OpenGIS, Rei 

Policy ontology and MoGATU BDI



Relevant Reference

Guizzardi, G. “The Role of Foundational Ontology for 
Conceptual Modeling and Domain Ontology 
Representation”, 7th International Baltic Conference on 
Databases and Information Systems, Vilnius, Lithuania, 
2006.



“What are ontologies and why we 
need them?”

1. Reference Model of Consensus to support different types of 
Semantic Interoperability Tasks

2. Explicit, declarative and machine processable artifact coding 
a domain model to enable efficient automated reasoning 

REFERENCE:

GUIZZARDI, G., Theoretical Foundations and Engineering Tools for 

Building Ontologies as Reference Conceptual Models, Semantic 

Web Journal, Editors-in-Chief: Pascal Hitzler and Krzysztof 

Janowicz, IOS Press, Amsterdam, 2011. (Personal Response to 

the Special Issue on “What is missing on the Semantic Web?” ).



1. We need to recognize that There 
is not Silver Bullet! and start seing 

ontology engineering from an 
engineering perspective



A Software Engineering view… 

Conceptual Modeling

Implementation1
Implementation2 Implementation3
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…transported to Ontological Engineering

Ontology as a 

Conceptual Model

Ontology as 

Implementation1

(SHOIN/OWL-DL, 

DLRUS)

Ontology as 

Implementation2

(CASL)

Ontology as

Implementation3

(Alloy, F-Logic…)



“Explore the domain

This should be clear from the business requirements - it might 

be food or music or gardening or...

Concentrate on modelling real (physical and metaphysical) 

things not web pages - try to blank from your mind all thoughts 

of the resulting web site. 

This work should never stop - you need to do this through the 

lifetime of the project as you refine your understanding.”

Michael Smethurst, BBC

http://www.bbc.co.uk/blogs/radiolab

s/2009/01/how_we_make_websites

.shtml



“Identify your domain objects and the relationships 

between them

As you chat and sketch with your domain expert you should 

build up a picture of the types of things they're concerned with. 

As your knowledge of the domain increases you'll build up a 

picture of how your objects interlink. 

Bear in mind you're trying to capture the domain ontology - this 

isn't about sketching database schemas. 

The resulting domain model will inform the rest of your project 

and should be one of the few artifacts your project ever creates.”

Michael Smethurst, BBC

http://www.bbc.co.uk/blogs/radiolabs/2009/01/how_we_make_w

ebsites.shtml



…transported to Ontological Engineering

Ontology as a 

Conceptual Model

Ontology as 
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Ontology as 
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Ontology as
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complexity

without automated 

reasoning
with automated 

reasoning

a catalog

a set of 

text files

a glossary

a collection of 

taxonomies

a thesaurus a collection of 

frames

a set of general 

logical constraints 



Example: The ECG Ontology













Relevant Reference

GONÇALVES, B.N.; GUIZZARDI, G.; PEREIRA FILHO, J.G., Using 
an ECG reference ontology for semantic interoperability of 
ECG data, Journal of Biomedical Informatics, Special Issue 
on Ontologies for Clinical and Translational Research, 
Editors: Barry Smith, Werner Ceusters and Richard H. 
Scheuermann, Elsevier, 2011.

GONCALVES, B. N.; ZAMBORLINI, V. ; GUIZZARDI, G. An 
Ontological Analysis of the Electrocardiogram. ELECTRONIC 
JOURNAL OF COMMUNICATION, INFORMATION AND 
INNOVATION IN HEALTH, 2009.



2. We need ontology 
representations languages which 

are based on Truly Ontological 
Distinctions



Semantic Networks 
(Collins & Quillian, 1967)



Semantic Networks 
(Collins & Quillian, 1967)



KL-ONE (Brachman, 1979)



KL-ONE (Brachman, 1979)

Todos os TrailerTrucks são Trucks
TrailerTrucks tem 

NumberOfWheels=18 



The Logical Level

x Apple(x)  Red(x)



The Epistemological Level

Apple

color = red

Red

sort = apple



The Epistemological Level

Apple

color = red

Red

sort = apple

Why ???



The Ontological Level

Apple

color = red

Red

sort = apple

sortal universal characterizing

Universal



Formal Relations

John
Paul

w1 w2

Weight Quality Dimension
0

heavier (Paul, John)?



Material Relations

«role»

Patient

«kind»

Medical Unit

1..*1..* treated In



How are these cardinality constraints to be interpreted ?

In a treatment, a patient is treated by several medical 
units, and a patient can participate in many 
treatments

In a treatment, a patient is treated by several medical 
units, but a patient can only participate in one 
treatment

In a treatment, several patients can be treated by one 
medical unit, and a medical unit can  participate in 
many treatments

In a treatment, a patient is treated by one medical unit, 
and a patient can participate in many treatments

... 

Material Relations



The problem is even worse in n-ary associations (with n > 
2) 





Explicit Representation for Material Relations

Patient MedicalUnit

1..*

1..*

«mediation»

1

1..*

«mediation» «relator»

Treatment

1..* 1..*

«material»

/TreatedIn



Material Relations

As seen before from a relator and mediation relation 
we can derive several material relations

Asides from all the benefits previously mentioned, 
perhaps the most important contribution of 
explicitly considering relations is to force the 
modeler to answer the fundamental question of 
what is truthmaker of that relation  



Material Relations

Yet another example: 
Modeling that a graduate student have one or more 

supervisors and a supervisor can supervise one or 
more students



Material Relations

Yet another example: 
Modeling that a graduate student have one or more 

supervisors and a supervisor can supervise one or 
more students





Relevant Reference

Guizzardi, G. “Ontological Foundations for Structural 
Conceptual Models”, Telematica Instituut Fundamental 
Research Series No. 15,ISBN 90-75176-81-3 ISSN 1388-1795, 
The Netherlands, 2005.

Guarino, N.; Guizzardi, G., “In the Defense of Ontological 
Foundations for Conceptual Modeling”,Scandinavian Journal 
of Information Systems, Vol.18, No. 1, ISSN 0905-0167, 
2006.

Guizzardi, G., Wagner, G. “Using the Unified Foundational 
Ontology (UFO) as a Foundation for General Conceptual 
Modeling Languages “,In: Theory and Application of 
Ontologies ed.Berlim: Springer-Verlag, 2010.



Unified Foundational Ontology (UFO)

UFO-A (STRUCTURAL ASPECTS)

(Objects, their types, their parts/wholes, 

the roles they play, 

their intrinsic and relational properties

Property value spaces…)

UFO-B (DYNAMIC ASPECTS)

(Events and their parts, 

Relations between events,

Object participation in events,

Temporal properties of entities, Time…)

UFO-C (SOCIAL ASPECTS)

(Agents, Intentional States, Goals, Actions,

Norms, Social Commitments/Claims, Social Dependency Relations…)



Events

Events have a compositional structure

Events are dependent entities (participations)

Events can bear properties

Events are temporally connected

Events change the world (events map situations to situations)





Ontological 

Grounding

Meta-Category 

Instantiation



Representation 

Redundancy



Categorical 

Overload



Undetected 

Logical 

Inconsistency 



Incident



Incident



Missing 

Ontological 

Relationships

?
?

Incident





Relevant Reference

GUIZZARDI, G., FALBO, R. A., GUIZZARDI, R. S. S.

Grounding Software Domain Ontologies in the Unified 
Foundational Ontology (UFO): The case of the ODE Software 
Process Ontology  (In: XI Iberoamerican  Conference on 
Software Engineering (CIbSE’2008), 2008, Recife.



3. We need Patterns

- Design Patterns

- Analysis Patterns

- Transformation Patterns

- Patterns Languages



Recurrent Modeling Problems

“how would one model the customer entity conceptually? 

The Customer as a supertype of Organisation and Person? 

The Customer as a subtype of Organisation and Person? 

The Customer as a relationship between or Organisation

and (Organization or Person)?”

By J.P. van Belle



Roles with Disjoint Allowed Types

«role»Customer

Person Organization



Roles with Disjoint Allowed Types

«role»Customer

Person Organization



Participant

Person SIG

Forum

1..* *

participation



Roles with Disjoint Admissible Types

«roleMixin»

Customer



Roles with Disjoint Allowed Types

«roleMixin»

Customer

«role»

PersonalCustomer

«role»

CorporateCustomer



Roles with Disjoint Allowed Types

«roleMixin»

Customer

«role»

PersonalCustomer

Person Organization

«role»

CorporateCustomer
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Explicit Representation of Qualities and 
Quality Spaces
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4. We need tools to create, verify, 
validate and handle the 

complexity of the produced 
models
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Tool Support

The underlying algorithm merely has to check structural properties of the 

diagram and not the content of involved nodes 
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ATL Transformation

Alloy Analyzer + OntoUML visual Plugin

Simulation and Visualization
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