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Lecture 4: Ontologies as Key to Knowledge Representation CEi'bﬂfﬁf},iﬁjbﬁm (((((((((

4.1 From Aristotle to Al: Exploring Ontologies in Computer Science
4.2 The Crucial Role of Mathematical Logic
Excursion 5: Essential Logics in a Nutshell
Excursion 6: Description Logics
4.3 The Web Ontology Language OWL
4.4 From simple to complex: Scaling up with OWL
4.5 Unlocking the Potential of OWL
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The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows ﬁne-gtained data access

Standardized information exchange is key

/
APPLICATIONS

Formats are necessary, but not too important

oy
-
s

Linked Data uses a small
selection of technologies
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL

OWL2 Complex Classes — Nominals

:Novel a owl:Class
:Foundation a :Novel
:FoundationAndEmpire a :Novel
:SecondFoundation a :Novel

:FoundationTrilogy a owl:Class ;
owl:oneOf
( :Foundation
:FoundationAndEmpire FoundationTrilogy &
:SecondFoundation )

The Foundation Tri/ogy consists of three novels.
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL

OWL2 Logical Class Constructors

4 N

o logical AND (conjunction): | owl:intersectionOf M
o logical OR (disjunction): owl:unionOf L
o logical negation: owl:complementOf -

\_ )

—

used to create complex
classes from atomic classes
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL
AT

OWL2 Logical Class Constructors — Intersection
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:Scientist a owl:Class .
:Author a owl:Class .

:ScientificAuthor a owl:Class ;
owl:intersectionOf (:Scientist :Author) .

ScientificAuthor Scientist ™ Author

'Scientific authors are authors, who are also scientists.

F

/OL\ owLz

SWRL/RIF OWL Full

T

OWL DL

OWLEL
OWLRL il

owLaL Xy /’

Concept
Hierarchies 6

Knowledge Graphs 2023, Prof. Dr. Harald Sack, FIZ Karlsruhe — Leibniz Institute for Information Infrastructure & Karlsruhe Institute of Technology



4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL
AT

OWL2 Logical Class Constructors — Union
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:Environmentalist a owl:Class ;
owl:equivalentClass [
owl:unionOf ( :ClimateActivist
:AnimalRightsActivist
:EnergySaver )

Environmentalist = ClimateActivist U AnimalRightsActivist

U EnergySaver

‘Climate activists, animal rBhw‘s activists, and energy savers
are all environmentalists,’
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL

OWL2 Logical Class Constructors — Negation

:Dystopia a owl:Class

:Utopia a owl:Class ;
owl:complementOf (:Dystopia) .

Utopia = -Dystopia

'Utopia is the complement of Dystopia.’
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL
AT

OWL2 Property Restrictions
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e OWL property restrictions are used to describe complex classes via properties
® restrictions on values:

o owl:hasValue

o owl:allValuesFrom

o owl:someValuesFrom

® restrictions on cardinality:
o owl:cardinality
o owl:minCardinality
o owl:maxCardinality AR om?
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL
AT

OWL2 Property Restrictions with Constants
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:AsimovsWritings a owl:Class ;
rdfs:subClassOf
[ @ owl:Restriction ;
owl:onProperty :author ;
owl:hasValue :IsaacAsimov ] .

AsimovsWritings L Fauthor.{IsaacAsimov}

The class :AsimovsWritings is described via fixed value assignment (=constant)
of the individual :IsaacAsimov to the property :author.

FOL '
/ \ owLz
SWRL/RIF OWL Full

"Beimov's wr\ﬂnﬁs are authored bﬁ \saac Asimov” A
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL

OWL2 Property Restrictions with Strict Binding

:VegetarianDish a owl:Class ;
rdfs:subClassOf
[ @ owl:Restriction ;
owl:onProperty :ingredient ;
owl:allValuesFrom :VegetarianFood ] .

VegetarianDish C
Vingredient.VegetarianFood

“\/eﬁe’rar'\an dishes contain only ve3e+ar'\an ‘\nﬁreo\'\en’rs.“

owl:allValuesFrom

fixes all instances of a specific class C
as allowed range for a property p
(strict binding) Vp.C
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL

OWL2 Property Restrictions with Strict Binding

:VegetarianDish a owl:Class ;

rdfs:subClassOf
[ @ owl:Restriction ; =<
owl:onProperty :ingredient ; AN
owl:allvValuesFrom :VegetarianFood ] . N
\\
\
\
\
\
i i :ingredient '
:Kimchi ) > :Cabbage :
. ™ - N |
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I b
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:VegetarianDish : :VegetarianFood :
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL

OWL2 Property Restrictions with Loose Binding

:Reader a owl:Class ;
rdfs:subClassOf
[ @ owl:Restriction ;
owl:onProperty :reads ;
owl:someValuesFrom :Book ] .

Reader C 3reads.Book

‘A reader is Someboo\\j who reads ¢ amonﬁs‘r other Jrh'mﬁs) books,"

owl:someValuesFrom
describes that there must exist an individual for p
and fixes its range to class C (loose binding) I p.C
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL
AT

OWL2 Property Restrictions with Loose Binding

GFVIZ_ K_arlsruhe -
:Reader a owl:Class ;
rdfs:subClassOf
[ a owl:Restriction ; - -Newspaper
owl:onProperty :reads ; -
owl:someValuesFrom :Book ] . rdf: type
:reads > :NYTimes /
:reads
:Harald , > :BraveNewWorld
rdf:type rdf:type smﬁﬁrihTY
T
OWL DL
\ :Reader , \ :Book / OWLRL /g%
V x/// ‘\Hﬁ?:ms 14
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL
AT

OWL2 Property Restrictions with Loose Binding
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® OWL property restrictions are used to describe complex classes via properties
® restrictions on values:

o owl:hasValue

o owl:allValuesFrom

o owl:someValuesFrom

® restrictions on cardinality:
o owl:cardinality
o owl:minCardinality
o owl:maxCardinality AR om?
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4. Ontologies as Key to Knowledge Representation / 4.4 From simple to complex: Scaling up with OWL
AT

OWL2 Property Restrictions with Cardinality
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:Trilogy a owl:Class ;
rdfs:subClassOf
[ @ owl:Restriction ;
owl:onProperty :volume ;
owl:cardinality "3"~~<http://www.w3.0rg/2001/XMLSchema#int> ] .

Trilogy T =3.volume.T

‘A Jrr'\lo\cw alwa\:)s consiats of 3 volumes,'

e Class :Trilogy isrestricted to exactly 3 volumes, i.e. any instance of

:Trilogy must have exactly 3 values for the property :volume. o
e Forowl:maxCardinality and owl:minCardinality the restriction e oo
gives upper and lower bounds on property value cardinalities. ™ 1 i .l
e o A
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