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Overview 

1  Ontology vs. Ontologies 
1.1   What are Ontologies? 
1.2   Why do We Need Ontologies? 
1.3   Ontologies on the Web 

2  Semantic Web 
3  Web Ontology Language 
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1 Ontology vs. Ontologies 
•  Philosophy 

– Ontology  is the study of the nature of being, e.g. 
• What is existence? 
• What entities (can) exist? 
• Which properties of an entity are essential? 

– Aristoteles, Sokrates, Thomas von Aquin, Descartes, Kant, 
Hegel, Wittgenstein, Heidegger, Quine, …  

•  Computer science 
– Ontologies  are domain models, i.e. abstract 
representations of knowledge about a certain field 

– Essentially, hierarchies of classes and binary relationships 
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1.1 What are Ontologies? 
„An ontology is an explicit specification of a conceptualization.“ 
[Gruber 1993] 

“An ontology is a formal, explicit specification of a shared 
conceptualisation. 
A ‘conceptualisation’ refers to an abstract model of some 
phenomenon in the world by having identified the relevant concepts 
of that phenomenon. ‘Explicit’ means that the type of concepts used, 
and the constraints on their use are explicitly defined. (...) ‘Formal’ 
refers to the fact that the ontology should be machine readable, 
which excludes natural language. ‘Shared’ reflects the notion that an 
ontology captures consensual knowledge, that is, it is not private to 
some individual, but accepted by a group.” 
[Studer et al. 1998] 
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1.1 What are Ontologies? 

„An ontology may take a variety of forms, but it will necessarily  
include a vocabulary of terms and some specification of their  
meaning. This includes definitions and an indication of how  
concepts are inter-related which collectively impose a structure on 
the domain and constrain the possible interpretations of terms.“ 
[Uschold und Jasper 1999] 

“(...) an ontology refers to an engineering artifact, constituted by a 
specific vocabulary used to describe a certain reality, plus a set of 
explicit assumptions regarding the intended meaning of the 
vocabulary words.” 
[Guarino 1995] 
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Ontologies 

Student	
  

Person	
  

PhDStudent	
  

owl:Thing	
  

Professor	
  

Course	
  

DL	
  Axioms	
  (e.g.	
  OWL)	
  

Rules	
  (e.g.	
  F-­‐Logic)	
  

takes_Course	
  

gives_Course	
  

knows	
  

xsd:string	
  

has_ID	
  

subclass-­‐of	
  

Anna_Smith 

„362758494“ 

SW_WS09/10 

instance-­‐of	
  

Person � ¬ Course
Professor � ∃ gives Course.Course
� � ∀ takes Course.Course
Student( Anna Smith )

takes Course(?x,?y) ∧ gives Course(?z,?y) → knows(?x,?z)
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1.2 Why do we need ontologies? 

„Some of the reasons are … 
•  to share common understanding of the structure 
of information among people or software agents 

•  to enable reuse of domain knowledge 
•  to make domain assumptions explicit 
•  to separate domain knowledge from the 
operational knowledge 

•  to analyze domain knowledge” 
[Noy and McGuinness 2001] 
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„Jaguar“	
  
„Jaguar“	
  

Example: Common Understanding 

h>p://en.wikipedia.org/wiki/SEPECAT_Jaguar	
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Example: Common Understanding 

„Jaguar“	
  

Referent Symbol 

Thought 

(Concept) 

JaguarCar 

JaguarAnimal 
JaguarJet 

Semiotic Triangle [Ogden and Richards 1923] 
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Example: Common Understanding 

Jaguar is-a Mammal 

Mammal is-a Animal 

JaguarAnimal 

ontology h>p://www.naFonal-­‐geographic.org/ontology#JAGUAR	
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The Semiotic Triangle Revisited 

Referent Symbol 

Thought 

„Jaguar“	
  

JaguarJet 
JaguarAnimal 

Interpretation 

Class 

URI / Description 

JaguarAnimal 

JaguarCar 

[Ogden and Richards 1923]	
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Communication of Humans and Machines 
•  ... 

Computer 1 

Referents 

Human 2 Computer 2 

Domain, e.g. animals 

Human 1 

Ontology 

Exchange of symbols,  
e.g. by means of  
natural language 

‘‘Jaguar“ 

Exchange of 
symbols,  e.g. by  
means of protocols Symbols 

Formal 
Semantics Internal 

Models 
Concepts 

Formal 
Models 

MA1 M1 M2 MA2 

commit commit 

commit commit 
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1.3 Ontologies on the Web 
Topic Maps 

(Extended) ER Model 

Thesauri 

Description Logics 

Semantic Networks 

Taxonomies 

Ontologies 

Navigation 

Query Answering 

Knowledge Sharing 

Information Retrieval 

Query Expansion 

Mediation 

Reasoning 

Consistency Checking 
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Types of Ontologies 
	
  [Guarino,	
  1998]	
  

Describe	
  very	
  general	
  concepts	
  like	
  space,	
  Fme,	
  event,	
  which	
  
are	
  independent	
  of	
  a	
  parFcular	
  problem	
  or	
  domain.	
  It	
  seems	
  
reasonable	
  to	
  have	
  unified	
  top-­‐level	
  ontologies	
  for	
  large	
  

communiFes	
  of	
  users.	
  	
  

Describe	
  the	
  
vocabulary	
  related	
  

to	
  a	
  generic	
  
domain	
  by	
  

specializing	
  the	
  
concepts	
  

introduced	
  in	
  the	
  
top-­‐level	
  ontology.	
  

Describe	
  the	
  
vocabulary	
  
related	
  to	
  a	
  

generic	
  task	
  or	
  
acEvity	
  by	
  

specializing	
  the	
  
top-­‐level	
  
ontologies.	
  

These	
  are	
  the	
  most	
  specific	
  ontologies.	
  Concepts	
  in	
  applicaFon	
  
ontologies	
  oWen	
  correspond	
  to	
  roles	
  played	
  by	
  domain	
  enEEes	
  

while	
  performing	
  a	
  certain	
  acEvity.	
  

Top-level ontology 

Application ontology 

Domain ontology Task ontology 
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DOLCE 
•  Descriptive Ontology for Linguistic 

and Cognitive Engineering 
•  http://www.loa-cnr.it/DOLCE.html 



NLP4SW @ LREC 2010 
16 

SWRC 
•  Semantic Web for Research 

Communities 
•  http://ontoware.org/projects/swrc/ 
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Other Ontologies 
•  SUMO: http://www.ontologyportal.org 
•  CYC: http://www.cyc.com 
•  Proton: http://proton.semanticweb.org 
•  WordNet: http://wordnet.princeton.edu 
•  Dublin Core: http://dublincore.org 
•  Pizza: http://www.co-ode.org/ontologies/pizza/2007/02/12/ 
•  Time: http://www.w3.org/TR/2006/WD-owl-time-20060927/ 
•  Gene Ontology: http://www.geneontology.org 
•  GALEN: http://www.openclinical.org/prj_galen.html 
•  NCI Thesaurus: http://nciterms.nci.nih.gov 
•  … 
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Repositories and Search Engines 

•  Watson 
– http://watson.kmi.open.ac.uk 

•  Swoogle 
– http://swoogle.umbc.edu 

•  TONES Ontology Repository 
– http://owl.cs.manchester.ac.uk/repository/ 

•  Open Biomedical Ontologies 
– http://www.obofoundry.org 

•  OntoSelect 
– http://olp.dfki.de/ontoselect/ 
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Overview 
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2 Semantic Web 

•  “The Semantic Web is not a separate Web but 
an extension of the current one, in which 
information is given well-defined meaning, better 
enabling computers and people to work in 
cooperation.” 

 [Tim Berners-Lee 2001] 
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The	
  Vision	
  of	
  the	
  SemanFc	
  Web	
  

Designer 
Car 

Product 

rdfs:subClass 
rdfs:subClass 

IsDesignerOf 
rdfs:hasDomain 

http://www.pininfarina.it/ferrari1.html 

webpage 

http://www.pininfarina.it/bio_s_pininfarina2.html 

<onto:Designer rdf:ID=“sergio"> 
 <onto:name>Sergio Pininfarina 
  </onto:name> 

... 
</onto:Designer> 

<onto:Car rdf:ID=“testarossa"> 
   <onto:name>Ferrari Testarossa  
   </onto:name> 
... 
</onto:car> 

semantic 
annotation <onto:isDesignerOf 

rdf:resource = “testarossa"/> 

IsDesignerOf 

Person 
rdfs:hasRange 

Instance-of Instance-of 

Show	
  me	
  all	
  automoFve	
  designers!	
  

Automotive 
Designer 

rdfs:subClass ontology	
  

xmlns:onto="h>p://www.co-­‐ode.org/ontologies/design.owl#"	
  
AutomotiveDesigner �

Designer � ∃ IsDesignerOf.Car



NLP4SW @ LREC 2010 
22 

Linked	
  Data	
  –	
  A	
  first	
  step	
  towards	
  the	
  SemanFc	
  Web	
  

h>p://linkeddata.org	
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PREFIX	
  dbo:	
  <h>p://dbpedia.org/ontology/>	
  

SELECT	
  ?descripFon	
  WHERE	
  {	
  
	
  	
  	
  	
  	
  ?person	
  dbo:birthplace	
  <h>p://dbpedia.org/resource/Mannheim>	
  .	
  
	
  	
  	
  	
  	
  ?person	
  skos:subject	
  <h>p://dbpedia.org/resource/Category:German_footballers>	
  .	
  
	
  	
  	
  	
  	
  ?person	
  foaf:name	
  ?name	
  .	
  
	
  	
  	
  	
  	
  ?person	
  rdfs:comment	
  ?descripFon	
  .	
  
	
  	
  	
  	
  	
  FILTER	
  (LANG(?descripFon)	
  =	
  'en')	
  .	
  
}	
  
ORDER	
  BY	
  ?name	
  

h>p://dbpedia.org/snorql/	
  

Sepp	
  Herberger,	
  Gernot	
  Rohr,	
  Karl-­‐Heinz	
  Emig,	
  Oskar	
  Rohr,	
  Heiko	
  Herrlich,	
  Jochen	
  Kientz,	
  
Marco	
  Terrazzino,	
  Reinhold	
  Fanz,	
  ChrisFan	
  Wörns,	
  Christopher	
  Gäng,	
  Dietmar	
  Danner,	
  Fritz	
  

Walter,	
  Oliver	
  Kreuzer,	
  Thomas	
  Schaaf,	
  Sergio	
  Peter,	
  Uwe	
  Rahn	
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Semantic Web Layer Cake 
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3  Web Ontology Language 
•  W3C Recommendations 

–  RDF Schema (Feb 10, 2004) 
•  Simple ontology language 

–  OWL (Feb 10, 2004) 
•  Based on Description Logics (DL) 

–  OWL 2 (Oct 27, 2009) 
•  Extension of OWL (e.g. disjoint properties) 

•  Languages differ in  
–  Syntactic serializations 
–  Expressivity (complexity of reasoning problems!) 
–  Formal semantics (e.g. open-world assumption) 
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OWL	
  (RDF/XML	
  Syntax)	
  
<owl:Class rdf:ID=“Woman"> 
 <rdfs:subClassOf rdf:resource=“Person"/> 
</owl:Class> 
<owl:ObjectProperty rdf:ID=„hasChild"> 
 <rdfs:range rdf:resource=“Person"/> 
</owl:ObjectProperty> 

OWL	
  (Manchester	
  Syntax)	
  
Class: Woman 
 SubClassOf: Person 
ObjectProperty: hasChild 
 Range: Person DescripEon	
  Logic	
  

Woman � Person
� � ∀ hasChild.Person

∀ X Woman(X) → Person(X)
∀ X,Y hasChild(X,Y) → Person(Y)

First-­‐order	
  Logic	
  

Woman	
   Person	
  

hasChild	
  

rdfs:range	
  

rdfs:subclassof	
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OWL Editors 

•  Protégé-OWL 
– http://protege.stanford.edu 

•  NeOn Toolkit 
– http://neon-toolkit.org 

•  Swoop 
– http://www.mindswap.org/2004/SWOOP/ 

•  TopBraid Composer (commercial) 
– http://topquadrant.com/products/TB_Suite.html 
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Demo:	
  Protégé-­‐OWL	
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Summary 

•  In Artificial Intelligence, an ontology is a formal 
explicit specification of a shared conceptualization. 

•  Semantic Web (or „Web 3.0“): extension of today‘s 
Web with machine-interpretable content 

•  Ontology languages: RDFS, F-Logic, OWL 


