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Last time …



Semantic Web: Data → Rules → Query → Output*
* More or less



RDF often drawn as a (directed, labelled) graph



Semantic Web: Data → Rules → Query → Output*
* More or less



RDF Schema: RDFS

Class is a sub-class of Class 
If then 

Property is a sub-property of 
If then 

Property has domain class 
If then 

Property has range class 
If then 



Today's topic ...



Semantic Web: Data → Rules → Query → Output*
* More or less







What can we intuitively conclude about ?



What can we intuitively conclude about ?

is also a !

What kind of reasoning are we using here?

Deductive



Very specific to this example

What assumptions do we make to conclude that is a ?

If has same and as and is a then is a !
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What assumptions do we make to conclude that is a ?

• is a sub-property of 

• is a sub-property of 

• A has exactly one a 

• A has exactly one a ( and a )

• A is a sub-class of 

• An has exactly two s 

• Two things cannot be related by and at the same time

Which are expressible in RDFS?

The rest we can express in OWL



Web Ontology Language: OWL



OWL (2): A Web Standard



Formal Underpinnings: Description Logics



For today: A running example



Logical Assumptions



• Vito has 3 children?
• Vito has at least 3 children?

Open World Assumption (OWA)

How many children does 

Vito have according 

to this RDF graph?



Open World Assumption

• RDF(S) and OWL:

– Take an Open World Assumption (OWA):

• Anything not known is not assumed to be false, 

simply unknown

• Without further information, Vito may have children 

that we don’t know about!

Why might this assumption be important for the Web?

OWA: Assuming Web data to be complete a bad idea



• Vito has 3 children?
• Vito has at least 3 children?
• Vito has at least one child!

No Unique Name Assumption (No UNA)

How many children does 

Vito have according 

to this RDF graph?



No Unique Name Assumption (No UNA)

• RDF(S) and OWL:

– Do not take a Unique Name Assumption:

• Two or more IRIs may refer to the same thing!

• Without further information, the IRIs we know to be 

Vito’s children may refer to one real-world thing!

Why might this assumption be important for the Web?

No UNA: Assuming strict naming agreement on the Web a bad idea



• is a sub-property of 

• is a sub-property of 

• A has exactly one a 

• A has exactly one a ( and a )

• A is a sub-class of 

• An has exactly two s 

• Two things cannot be related by and at the same time

Which assumptions are needed under the Open World Assumption?



• is a sub-property of 

• is a sub-property of 

• A has exactly one a 

• A has exactly one a ( and a )

• A is a sub-class of 

• An has exactly two s 

• Two things cannot be related by and at the same time

Which assumptions are needed under the Open World Assumption?



• is a sub-property of 

• is a sub-property of 

• A has exactly one a 

• A has exactly one a ( and a )

• A is a sub-class of 

• An has exactly two s 

• Two things cannot be related by and at the same time

Which assumptions are needed without a Unique Name Assumption?



• is a sub-property of 
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Let’s start with some RDFS …



⇒

⇒



⇒



⇒



⇒



(In)Equality in OWL …





• Vito has at least two children!
How many children does 

Vito have according 

to this RDF graph?



Inconsistency in OWL …

⇒



Property Axioms in OWL …



⇒

⇒



⇒

⇒



⇒



⇒



⇒



⇒

everything itself



⇒



Aside …

• Tom Hagen, the adopted son of Vito

– Maybe he has two fathers?

– Hence (has biological father)

Why do we say and not just ?



⇒



⇒



⇒



⇒



⇒



Negative property assertions

⇒



Recap OWL property axioms

What would be the the property ?

Name an for family relations?

Name an for family relations?

Give an for ?

Name an for family relations?

Name an for family relations?



Class Axioms in OWL



⇒



⇒



(ii)

⇒



Class Definitions in OWL



Description Logics



⊓

(⊓) [i]

⇒

⊑



(⊓) [ii]

≡ ⊓

⇒



⇒

(⊔) [i]

⊔≡



(⊔) [ii]

⇒ must be either or (or both)

⊔≡



(⊔D)

≡ ⊔

⇒ must be either or (not both)



⇒

(¬) [i]

≡ ¬





⇒

(¬) [ii]

≡ ¬



( )

⇒

⇒

⇒

≡



(∀)

∀⊑

⇒



(∃) [i]

⇒

∃≡



(∃) [ii]

⇒

∃≡



(∃P.{x}) [i]

∃⊑

⇒



(∃P.{x}) [i]

∃

⇒

≡



(Self) [i]

Self( )⊑

⇒



(Self) [ii]

Self( )

⇒

≡



Cardinality restrictions (≥, ≤,=)

• Define a class with a given number of values 

for a property:

– Exact: ⊑

– Max: ⊑ ≤

– Min: ≡ ≥



Qualified cardinality restrictions (≥, ≤,=)

• Define a class with a given number of values 

from a given class for a property:

– Exact: ≡

• Now the values in question must be people!

– Analogous versions of Max and Min



Recap OWL class axioms/definitions

A class 

might be equivalent to 

the which 

classes?

What is the difference/relation between 

and 

?

Give an example use of 

for family relations

Give an example use of for .

How might we codify the semantics of a class in OWL?

⊑ ⊓ ∃ ?



⇒ must be or or

≡

Slides are examples, not definitions



• is a sub-property of 

• is a sub-property of 

• A has exactly one a 

• A has exactly one a ( and a )

• A is a sub-class of 

• An has exactly two s 

• Two things cannot be related by and at the same time





Questions?


