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Applications often need 
to represent knowledge 

• seats on an aeroplane 
• account transactions 
• tall buildings 

and to answer questions 
• seats available on 

flight? 
• can afford to pay rent? 
• tallest building in 

Europe? 
•
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What kind of representation?
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Building(Shard)	
City(London)	
location(Shard,London)	
height(Shard,310m)	
capitalOf(London,UK)	
…
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SELECT ?x	
WHERE { EiffelTower height ?x. }

Reasoning is the 
process of answering 
queries w.r.t. the 
represented 
knowledge 

What is the height of 
the Eiffel Tower?
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Reasoning is the 
process of answering 
queries w.r.t. the 
represented 
knowledge 

What is the height of 
the Eiffel Tower? 

324m
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• What is the difference 
between a Building, a 
Lattice Tower and an 
Architectural Structure?	

• Is the Eiffel Tower a 
Building; is it an 
Architectural Structure?	

• Special meaning of, e.g., 
type and kind of edges?
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[Quillian, 1967]

• Semantics: the study of meaning

(Precise) semantics needed in order to define 
what (correct) query answers should be
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• What country is the 
Shard located in?
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• What country is the 
Shard located in?	

•  ???✘
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• What Architectural 
Structures are located in 
London?
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location

location

type
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• Every Building located in 
London is also located in	

• UK	
• EU	
• England	
• Northern Hemisphere	
• …	

• Need to add a very large 
number of edgeslocation

location

type
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† Part-whole relationships are complicated! They are the subject of a whole field of 
study in logic and philosophy: mereology 

A city that is the capital of a country is a 
(geographical) part of that country†  
A thing that is located in a city that is a 
(geographical) part of a country is also located in 
that country 
A thing that is located in a country that is a 
member of a supranational union is also located in 
that supranational union
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[Quillian, 1967]

• Semantics: the study of meaning

(Precise) semantics needed in order to define 
what (correct) query answers should be



28

“All men are mortal, all Greeks are men, 
therefore all Greeks are mortal”   (syllogism)
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Gottlob Frege Charles Sanders Peirce Bertrand Russell

Modern KR languages are often based on logic 
Typically (subsets of) First Order Predicate 
Calculus
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facts / data / (RDF) graph

ontology / conceptual schema
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facts / data / (RDF) graph

ontology / conceptual schema
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facts / data / (RDF) graph

ontology / conceptual schema
knowledge base
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Devise algorithms that compute query answers 
E.g., using natural deduction rules: 

Can check/prove algorithms are sound and complete 
w.r.t. semantics
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Turing showed that some problems 
cannot be completely solved using  
standard computational model 

• halting problem 
• FOL entailment problem 

Even if decidable, reasoning might be of 
inherently high complexity and so take an 
infeasibly long time
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“Scruffy” approach: 
Ad-hoc representation  
Efficient but (at least) incomplete algorithms 

✓ Can use arbitrarily powerful representation 
✓ Favourable scalability properties 
✗  Incomplete answers 

✗ Degree of incompleteness unknown 
✗ Incompleteness can easily become 

unsoundness
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“Neat” approach: 
Study KR languages to find appropriate balance of 
expressive power and computability 
Design algorithms that work well in typical cases 
Develop highly optimised implementations 

✓ Precisely defined semantics 
✓ Formal properties well understood 
✓ Sound and complete reasoning 
✗  Limited representation power 
✗  Optimisations may not offer robust scalability
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Family of logic-based KR languages 
Most are decidable subsets of FO logic 
Provide a range of different constructors 

• Booleans (and, or, not) 
• Restricted forms of quantification (exists, forall) 
• Counting (atmost, atleast) 
• … 

Decidability/complexity and (efficient) algorithms 
known for many combinations of constructors 
Highly optimised implementations for various 
“sweet spot” languages
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List of reasoners
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RDF data:

OWL ontology:

Standardised KR language 
• RDF provides a graphical data model 
• OWL provides a DL-based ontology language
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“A new form of Web content that is 
meaningful to computers will unleash 
a revolution of new possibilities” (!)

Standardised KR language 
• RDF provides a graphical data model 
• OWL provides a DL-based ontology language 

Developed as part of W3C’s Semantic Web 
project
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Standardised KR language 
• RDF provides a graphical data model 
• OWL provides a DL-based ontology language 

Developed as part of W3C’s Semantic Web project 
Now widely used in science,  
healthcare and Industry 
Often referred to as  
“semantic technology”
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Based on powerful but still decidable DL (SROIQ) 
Three “profiles” based on tractable subsets 

• QL: based on the DL-Lite description logic 
• EL: based on the EL description logic 
• RL: based on the DL fragment of Datalog (aka DLP) 

Different algorithmic techniques 
• (Hyper-) Tableau for full language 
• Query rewriting for QL 
• Consequence-based for EL  
• Materialisation for RL  

Highly optimised implementations
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Tools:
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KAON2

Hermit

CEL

Reasoners:
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Applications: Question Answering
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KR Success Story: 

SNOMED is a huge medical ontology	  
• More than 500,000 terms! 

Why SNOMED? Let’s ask Healthcare experts! 
• “We need a clinical ontology that is universal, so any term I use 

is the same as every other colleague around the country” 
• “SNOMED is the glue that binds the clinical community together 

and is the platform for all clinically relevant information” 
Used to annotate patient records in more than 20 countries, including 
UK, USA, New Zealand, …		
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Which patients are suffering 
from vascular diseases?
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Which patients are suffering 
from vascular diseases?



52

?
The end?
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Extensions 
• Arithmetic functions and aggregation 
• Reasoning about time 
• Data streams 

Algorithms 
• Consequence-based reasoning 
• Hybrid rewriting/materialisation 

Optimisation and implementation 
• Incremental reasoning 
• Query planning 
• HPC, including large-scale and distributed architectures 

Tools and applications
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Logics for Knowledge Representation 
Horn Logics and Datalog 
Description Logics – Syntax and Semantics 
Description Logics – Reasoning with Data 
Nonmonotonic Reasoning 
Inconsistency Handling 
Argumentation 
Uncertainty 

Course Structure
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Primary Text     
• An Introduction to Description Logic. Franz Baader, Ian Horrocks, 

Carsten Lutz, Uli Sattler 
Supplementary Texts 

• Handbook of Knowledge Representation. Frank van Harmelen, 
Vladimir Lifschitz and Bruce Porter (Eds). Foundations of Artificial 
Intelligence, 2008.     

• Foundations of Semantic Web Technologies. Chapman & Hall/ CRC 
Textbooks in Computing. Pascal Hitzler, Markus Kroetsch, and 
Sebastian  Rudolph, 2009.

Extra Reading Material


