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Ontology Engineering Introduction

Initial Questions

WHY/WHAT FOR do you need an ontology?

do you need it at all?

various types, domains

various levels of expressive power

various use case scenarios

HOW to get one?

manually develop your own

reuse existing ones

acquire with machine learning techniques
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Ontology Engineering Introduction

Requirement Analysis

Life cycle � an idea adopted from SE

Ontology Engineering, as SE, deals with challenges of designing
complex systems (ontologies) by providing methodologies and
auxiliary tools for their development, evaluation and maintenance.

A semantic description vs. classical solutions, e.g. database

knowledge exchange and integration
semantic speci�cation + deduction → implicit knowledge

Do we think logically?

Available tools: license, support, maturity, interoperability

What domain has to be modeled? What aspects of it?

What are the tasks to be accomplished?

browsing, searching, querying, inferences � what kind of?

If a semantic, logic-based formalism is used, then which one?
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Ontology Engineering Introduction

Types of ontologies

Top-level ontology

Task ontologyDomain ontology

Application ontology

One of the ontology classi�cation by N. Guarino (1998)
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Ontology Engineering Introduction

Formality levels of ontologies
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Ontology Engineering Introduction

OWL 1 vs. OWL 2
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Ontology Engineering Introduction

OWL 2 languages

OWL 2 Pro�les (EL, QL, RL)

Reasoning in polynomial time w.r.t. the size of data
→ See http://www.w3.org/TR/owl2-profiles/

substantial user communities

expressiveness limitations (e.g. no negation, disjunction)
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Ontology Engineering Introduction

OWL 2 Pro�les Revisited

OWL 2 EL

large, class-expression oriented
ontologies

multiple classes/properties, complex
structural descriptions

heavy use of classi�cation to manage
and apply the terminology

biohealth ontologies, e.g.: Galen ,
SNOMED-CT, the NCI thesaurus,

other domains/applications: system
con�gurations, product inventories, etc.

Examples of what CAN'T be stated

�all children of a rich person are rich�

�parentOf� and �childOf� are inverses of each other
GEIST (AGH-UST) Semantic Web Ontologies2 2014/2015 10 / 98
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Ontology Engineering Introduction

OWL 2 Pro�les Revisited

OWL 2 QL

ontologies multiple instances, querying
as the most important task

can represent key features of ER and
UML diagrams

querying can be implemented with use
of standard RDBS preprocessing layer

for representing database schemas or
integrating them via query rewriting

supports inverse properties and
subproperty hierarchies, restricts class
axioms asymmetrically

Examples of what CAN'T be stated

�every person has a female parent� (exist. quant. of roles)
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Ontology Engineering Introduction

OWL 2 Pro�les Revisited

OWL 2 RL

scalable reasoning, but still expressive

reasoning can be implemented with
rule-based engines

ideal for enriching RDF data with rules

limited class modelling possibilities

restriction for class expressions (hard to
express unknown individuals)

restricts class axioms asymmetrically

Examples of what CAN'T be stated

�every person has a parent� (the existence of an individual
enforces the existence of another individual)
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Ontology Engineering Introduction

Modeling ontologies

Heavyweight ontologies using Frames and First Order Logic

Heavyweight ontologies using Description Logics

Modeling ontologies with SE techniques
UML + OCL for lightweight ontologies

easy, popular, CASE tools

UML class diagrams for concepts, OCL for class axioms, object

diagrams for instances

Entity/Relationship diagrams + integrity constraints
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Ontology Engineering Ontology Creation � Where Is Your Knowledge?

Where is your knowledge?

Creating and ontology � transferring knowledge into
computer-accessible form → from what kinds of sources?

human sources

unstructured sources

semi-structured sources

structured sources
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Ontology Engineering Ontology Creation � Where Is Your Knowledge?

It's in Your Heads: Human Sources

A person knowledgeable about the domain � a domain expert

A person knowledgeable in the representation formalism � a
knowledge engineer

Interviews → cast knowledge into logical speci�cation

human communication, misunderstandings, redundancy,
feedback
knowledge acquisition with examples or machine learning
techniques (decision tree learning, ILP)
knowledge authoring interface
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Ontology Engineering Ontology Creation � Where Is Your Knowledge?

It's in Your Books: Unstructured Sources

Hard problem: extracting formal speci�cation from arbitrary
written texts

AI → computational linguistics

grammatical structure analysis (parsing)
formalization: grammatical interdependencies → logical
interdependencies with use of transformation rules
relevant lexical background knowledge needed (thesauri, e.g
WordNet) to complement the commonsense knowledge
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Ontology Engineering Ontology Creation � Where Is Your Knowledge?

It's on the Web: Semi-structured Sources

hyperlinks, wiki articles, semantic wikis

�le systems
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Ontology Engineering Ontology Creation � Where Is Your Knowledge?

Semi-structured Sources (cont.)
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Ontology Engineering Ontology Creation � Where Is Your Knowledge?

Semi-structured Sources (cont.)
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Ontology Engineering Ontology Creation � Where Is Your Knowledge?

It's in the Databases: Structured Sources

content of the RDB translated into ontology

ontology population (single individuals)
schema information → terminological axioms

reusing existing ontologies:

ontology merging (several ontologies integrated into one)
ontology alignment (loose coupling) with ontology mapping
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Ontology Engineering Constructing Ontologies Manually
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Ontology Engineering Constructing Ontologies Manually

Example: Tra�cDanger System

Main objective: inform users in real-time about threats in
urban environment

Ontology-driven system based on Tra�cDangerOntology

Ontology describing tra�c conditions and threats...

...to be used with a relational database (concrete data)

GEIST (AGH-UST) Semantic Web Ontologies2 2014/2015 25 / 98



Semantic Web
Ontologies2

GEIST

Outline

Ontology
Engineering

Introduction

Ontology
Creation � Where
Is Your Knowledge?

Constructing
Ontologies
Manually

Reusing Existing
Ontologies

Semiautomatic
Ontology
Acquisition

Ontology Mapping

Ontology Design
Patterns

Ontology Reasoning

Reasoning in OWL

DL revisited

Reasoning problems

The End

Ontology Engineering Constructing Ontologies Manually

��������	 
�������������������


�����!���	����	%�&

� 8�����*����������������0��� ���������������

���9�
1 ������������ ��������������������$�0���������2�

1 ����0����0����������������������������$2�

1 ����0�����$�����4�*������������� �����������$�

����� ����0���2�

1 ����0��������� ������������������$2

GEIST (AGH-UST) Semantic Web Ontologies2 2014/2015 26 / 98



Semantic Web
Ontologies2

GEIST

Outline

Ontology
Engineering

Introduction

Ontology
Creation � Where
Is Your Knowledge?

Constructing
Ontologies
Manually

Reusing Existing
Ontologies

Semiautomatic
Ontology
Acquisition

Ontology Mapping

Ontology Design
Patterns

Ontology Reasoning

Reasoning in OWL

DL revisited

Reasoning problems

The End

Ontology Engineering Constructing Ontologies Manually

Example: Tra�cDangerOntology

What are the tra�c dangers on speci�c area ?

Are there any dangers connected with low friction on speci�c
area ?

What are the subareas of speci�c location ?

What kind of dangers are connected with bad atmospheric
conditions ?

Is there any danger connected with speci�c postal code on
speci�c district ?

Are there any tra�c conditions provided for speci�c location ?
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Ontology Engineering Constructing Ontologies Manually

Example: Tra�cDangerOntology

Classes: Location, Tra�cCondition, Tra�cDanger, etc.

Object Properties: hasLocation, hasTra�cCondition, etc.

Datatype Properties: hasAverageDriversDensityPerKilometer
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Inferred information about Bronowice:
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Ontology Mapping Methods

Linguistic Methods
exploit the linguistic labels attached to the concepts → discover
potential matches
specialized domain knowledge required, similarity is relative
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Ontology Mapping Methods

Statistical Methods

analyze statistical correlation between the instances of source
and target concepts
su�ciently large data corpus required
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Ontology Mapping Methods

Structural Methods

exploit the internal graph structure of the source and target
ontologies
can be combined with linguistic methods
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Ontology Engineering Ontology Mapping

Ontology Mapping Methods

Logical Methods

most speci�c, but most of the ontologies are semantically
lightweight (do not carry much logical formalism)
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Example: Neon toolkit
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Ontology Engineering Ontology Design Patterns

Rationale

It is hard to reuse only the �useful pieces� of a comprehensive
(foundational) ontology, and the cost of reuse may be higher
than developing a new ontology from scratch

Need for small (or cleverly modularized) ontologies with explicit
documentation of design rationales, and best reengineering
practices

Hence, in analogy to software design patterns: ontology design
patterns

ODPs summarize the good practices to be applied within design
solutions

ODPs keep track of the design rationales that have motivated
their adoption

See http://ontologydesignpatterns.org/wiki/Main_Page
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Ontology Engineering Ontology Design Patterns

Types of Patterns

Six families of ODPs: Structural OPs, Correspondence OPs,
Content OPs (CPs), Reasoning OPs, Presentation OPs, and
Lexico-Syntactic OPs

CPs can be distinguished in terms of the domain they represent

Correspondence OPs (for reengineering and mappings)

Reasoning OPs are typical reasoning procedures

Presentation OPs relate to ontology usability from a user
perspective; e.g., we distinguish between Naming OPs and
Annotation OPs

Lexico-Syntactic OP are linguistic structures or schemas that
permit to generalize and extract some conclusions about the
meaning they express
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Ontology Design Patterns Website
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Ontology Reasoning Reasoning in OWL

Web Ontology Language (OWL) 
What can be done with OWL? 

Consistency checks – are there contradictions in theConsistency checks are there contradictions in the 
logical model? 
Satisfiability checks – are there classes that cannot y
have any instances? 
Classification – what is the type of a particular 
instance? 

F. Corno, L. Farinetti - Politecnico di Torino 12
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Ontology Reasoning Reasoning in OWL

OWL2 structureOWL2 structure

F. Corno, L. Farinetti - Politecnico di Torino 14
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Ontology Reasoning Reasoning in OWL

OWL2 semantics

The Direct Semantics and the RDF-Based Semantics 
provide two alternative ways of assigning meaning toprovide two alternative ways of assigning meaning to 
OWL 2 ontologies

A correspondence theorem provides a link between the twoA correspondence theorem provides a link between the two

These two semantics are used by reasoners and other 
tools to answer class consistency, subsumption, y
instance retrieval queries, …

F. Corno, L. Farinetti - Politecnico di Torino 17
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Ontology Reasoning Reasoning in OWL

OWL 2 di t tiOWL 2 direct semantics
Assigns meaning directly to ontology structures, resulting in a g g y gy , g
semantics compatible with the model theoretic semantics of 
the SROIQ description logic

SROIQ i f t f fi t d l i ith f l t ti lSROIQ is a fragment of first order logic with useful computational 
properties

The advantage of this close connection is that the extensiveThe advantage of this close connection is that the extensive 
description logic literature and implementation experience can 
be directly exploited by OWL 2 tools
However, some conditions must be placed on ontology 
structures in order to ensure that they can be translated into a 
SROIQ knowledge baseSROIQ knowledge base

E.g, transitive properties cannot be used in number restrictions 
Ontologies that satisfy these syntactic conditions are called g y y
OWL 2 DL ontologies

F. Corno, L. Farinetti - Politecnico di Torino 18
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Ontology Reasoning Reasoning in OWL

OWL 2 RDF-based semantics

Assigns meaning directly to RDF graphs and so indirectly to 
ontology structures via the Mapping to RDF graphsontology structures via the Mapping to RDF graphs
The RDF-Based Semantics is fully compatible with the RDF 
Semantics, and extends the semantic conditions defined for 
RDF
The RDF-Based Semantics can be applied to any OWL 2 
O t l ith t t i ti OWL 2 O t l bOntology, without restrictions, as any OWL 2 Ontology can be 
mapped to RDF 
“OWL 2 Full” is used informally to refer to RDF graphsOWL 2 Full  is used informally to refer to RDF graphs 
considered as OWL 2 ontologies and interpreted using the 
RDF-Based Semantics

F. Corno, L. Farinetti - Politecnico di Torino 19
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Description logic 
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Ontology Reasoning DL revisited

F. Corno, L. Farinetti - Politecnico di Torino 11 

OWL-DL Semantics 

 The semantics of OWL-DL constructs is derived by 
the corresponding Description Logic operators. 

 The formal definition is extremely concise 

http://www.w3.org/TR/owl-semantics/semantics-
all.html#3 

 ...but not so straightforward to understand! 
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OWL Formal semantics 

 http://www.w3.org/TR/owl-semantics/semantics-
all.html#3 

 Ingredients: 

 Vocabularies Vxx 

 Mapping functions (which provide ‘meaning’) EC, ER 

 Interpretation of syntax constructs 

 Interpretation of axioms and facts 
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Interpretation of constructs 
Abstract Syntax Interpretation (value of EC) 

complementOf(c) O - EC(c) 

unionOf(c1 … cn) EC(c1) ∪ … ∪ EC(cn) 

intersectionOf(c1 … cn) EC(c1) ∩ … ∩ EC(cn) 

oneOf(i1 … in), for ij individual IDs {S(i1), …, S(in)} 

oneOf(v1 … vn), for vj literals {S(v1), …, S(vn)} 

restriction(p x1 … xn), for n > 1 EC(restriction(p x1)) ∩…∩EC(restriction(p xn)) 

restriction(p allValuesFrom(r)) {x ∈ O | <x,y> ∈ ER(p) implies y ∈ EC(r)} 

restriction(p someValuesFrom(e)) {x ∈ O | ∃ <x,y> ∈ ER(p) ∧ y ∈ EC(e)} 

restriction(p value(i)), for i an individual ID {x ∈ O | <x,S(i)> ∈ ER(p)} 

restriction(p value(v)), for v a literal {x ∈ O | <x,S(v)> ∈ ER(p)} 

restriction(p minCardinality(n)) {x ∈ O | card({y ∈ O∪LV : <x,y> ∈ ER(p)}) ≥ n} 

restriction(p maxCardinality(n)) {x ∈ O | card({y ∈ O∪LV : <x,y> ∈ ER(p)}) ≤ n} 

restriction(p cardinality(n)) {x ∈ O | card({y ∈ O∪LV : <x,y> ∈ ER(p)}) = n} 

Individual(annotation(p1 o1) … annotation(pk ok)  

    type(c1) … type(cm) pv1 … pvn) 

EC(annotation(p1 o1)) ∩ … EC(annotation(pk ok)) ∩  

EC(c1) ∩ … ∩ EC(cm) ∩ EC(pv1) ∩…∩ EC(pvn) 

Individual(i annotation(p1 o1) … annotation(pk ok)  

    type(c1) … type(cm) pv1 … pvn) 

{S(i)} ∩ EC(annotation(p1 o1)) ∩ … EC(annotation(pk ok)) 

∩  

EC(c1) ∩ … ∩ EC(cm) ∩ EC(pv1) ∩…∩ EC(pvn) 

value(p Individual(…)) {x ∈ O | ∃ y∈EC(Individual(…)) : <x,y> ∈ ER(p)} 

value(p id) for id an individual ID {x ∈ O | <x,S(id)> ∈ ER(p) } 

value(p v) for v a literal {x ∈ O | <x,S(v)> ∈ ER(p) } 

annotation(p o) for o a URI reference {x ∈ R | <x,S(o)> ∈ ER(p) } 

annotation(p Individual(…)) {x ∈ R | ∃ y ∈ EC(Individual(…)) : <x,y> ∈ ER(p) } 
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Interpretation of axioms and facts I 
Directive Conditions on interpretations 

Class(c complete  

    annotation(p1 o1) … annotation(pk ok)  

    descr1 … descrn) 

S(c) ∈ EC(annotation(p1 o1)) … S(c) ∈ 

EC(annotation(pk ok))  

EC(c) = EC(descr1) ∩…∩ EC(descrn) 

Class(c partial  

    annotation(p1 o1) … annotation(pk ok)  

    descr1 … descrn) 

S(c) ∈ EC(annotation(p1 o1)) … S(c) ∈ 

EC(annotation(pk ok))  

EC(c) ⊆ EC(descr1) ∩…∩ EC(descrn) 

EnumeratedClass(c  

    annotation(p1 o1) … annotation(pk ok)  

    i1 … in) 

S(c) ∈ EC(annotation(p1 o1)) … S(c) ∈ 

EC(annotation(pk ok))  

EC(c) = { S(i1), …, S(in) } 

Datatype(c 

annotation(p1 o1) … annotation(pk ok) ) 

S(c) ∈ EC(annotation(p1 o1)) … S(c) ∈ 

EC(annotation(pk ok))  

EC(c) ⊆ LV 

DisjointClasses(d1 … dn) EC(di) ∩ EC(dj) = { } for 1 ≤ i < j ≤ n 

EquivalentClasses(d1 … dn) EC(di) = EC(dj) for 1 ≤ i < j ≤ n 

SubClassOf(d1 d2) EC(d1) ⊆ EC(d2) 

DatatypeProperty(p  

    annotation(p1 o1) … annotation(pk ok)  

    super(s1) … super(sn)  

    domain(d1) … domain(dn) range(r1) … range(

rn)  

    [Functional]) 

S(p) ∈ EC(annotation(p1 o1)) … S(p) ∈ 

EC(annotation(pk ok))  

ER(p) ⊆ O×LV ∩ ER(s1) ∩…∩ ER(sn) ∩  

       EC(d1)×LV ∩…∩ EC(dn)×LV ∩ O×EC(r1) 

∩…∩ O×EC(rn)  

[ER(p) is functional] 

… … 
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Interpretation of axioms and facts II 
Directive Conditions on interpretations 

ObjectProperty(p  

    annotation(p1 o1) … annotation(pk ok)  

    super(s1) … super(sn)  

    domain(d1) … domain(dn) range(r1) … range(

rn)  

    [inverse(i)] [Symmetric]  

    [Functional] [ InverseFunctional]  

    [Transitive]) 

S(p) ∈ EC(annotation(p1 o1)) … S(p) ∈ 

EC(annotation(pk ok))  

ER(p) ⊆ O×O ∩ ER(s1) ∩…∩ ER(sn) ∩  

        EC(d1)×O ∩…∩ EC(dn)×O ∩ O×EC(r1) 

∩…∩ O×EC(rn)  

[ER(p) is the inverse of ER(i)] [ER(p) is 

symmetric]  

[ER(p) is functional] [ER(p) is inverse 

functional]  

[ER(p) is transitive] 

AnnotationProperty(p annotation(p1 o1) … annot

ation(pk ok)) 

S(p) ∈ EC(annotation(p1 o1)) … S(p) ∈ 

EC(annotation(pk ok)) 

OntologyProperty(p annotation(p1 o1) … annotat

ion(pk ok)) 

S(p) ∈ EC(annotation(p1 o1)) … S(p) ∈ 

EC(annotation(pk ok)) 

EquivalentProperties(p1 … pn) ER(pi) = ER(pj) for 1 ≤ i < j ≤ n 

SubPropertyOf(p1 p2) ER(p1) ⊆ ER(p2) 

SameIndividual(i1 … in) S(ij) = S(ik) for 1 ≤ j < k ≤ n 

DifferentIndividuals(i1 … in) S(ij) ≠ S(ik) for 1 ≤ j < k ≤ n 

Individual([i] annotation(p1 o1) … annotation(pk o

k)  

   type(c1) … type(cm) pv1 … pvn) 

EC(Individual([i] annotation(p1 o1) … annotation(

pk ok)  

   type(c1) … type(cm) pv1 … pvn)) is nonempty 
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Reasoning 

 With the definition of the semantics, we may now 
define some reasoning metods 

 Reasoning on the structure of the ontology 

 Reasoning on relationships among classes 

 Reasoning on instances 
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A Reasoning Problem

A is a logical consequence of K
written K ² A

if and only if
every model of K is a model of A.

• To show an entailment, we need to check all models?
• But that‘s infinitely many!!!
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A Reasoning Problem

We need algorithms which do not apply the model-based 
definition of logical consequence in a naive manner.

These algorithms should be syntax-based.
(Computers can only do syntax manipulations.)

Luckily, such algorithms exist!

However, their correctness (soundness and completeness) 
needs to be proven formally.
Which is often a non-trivial problem requiring substantial 
mathematical build-up.

We won‘t do the proofs here.
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Important Inference Problems

• Global consistency of a knowledge base. KB ² false?
– Is the knowledge base meaningful?

• Class consistency C ≡ ⊥?
– Is C necessarily empty?

• Class inclusion (Subsumption) C v D?
– Structuring knowledge bases

• Class equivalence C ≡ D?
– Are two classes in fact the same class?

• Class disjointness C u D = ⊥?
– Do they have common members?

• Class membership C(a)?
– Is a contained in C?

• Instance Retrieval „find all x with C(x)“
– Find all (known!) individuals belonging to a given class.
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Reduction to Unsatisfiability

• Global consistency of a knowledge base. KB unsatisfiable
– Failure to find a model.

• Class consistency C ≡ ⊥?
– KB ∪ {C(a)} unsatisfiable

• Class inclusion (Subsumption) C v D?
– KB ∪ {C u ¬D(a)}  unsatisfiable (a new)

• Class equivalence C ≡ D?
– C v D und D v C

• Class disjointness C u D = ⊥?
– KB ∪ {(C u D)(a)} unsatisfiable (a new)

• Class membership C(a)?
– KB ∪ {¬C(a)} unsatisfiable

• Instance Retrieval „find all x with C(x)“
– Check class membership for all individuals.
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If you want to know more...

Reading:

N. Guarino: �Formal Ontology and Information Systems�
http:

//www.co-ode.org/resources/papers/ekaw2004.pdf

http:

//www.betaversion.org/~stefano/linotype/news/57/ -
SemWeb for the XML people
http:

//www.cs.man.ac.uk/~horrocks/ISWC2003/Tutorial/ -
OWL Tutorial from 2003
http://ontologydesignpatterns.org/wiki/Main_Page -
Ontology Design patterns

Tutorials:

http://www.co-ode.org/resources/tutorials/

http://owl.cs.manchester.ac.uk/tutorials/

protegeowltutorial/

Additional resources:

http://www.co-ode.org/ontologies/
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If you want to know more...

http://ai.ia.agh.edu.pl/wiki/pl:dydaktyka:

semantic_web:start

GEIST (AGH-UST) Semantic Web Ontologies2 2014/2015 95 / 98

http://ai.ia.agh.edu.pl/wiki/pl:dydaktyka:semantic_web:start
http://ai.ia.agh.edu.pl/wiki/pl:dydaktyka:semantic_web:start


Semantic Web
Ontologies2

GEIST

Outline

Ontology
Engineering

Introduction

Ontology
Creation � Where
Is Your Knowledge?

Constructing
Ontologies
Manually

Reusing Existing
Ontologies

Semiautomatic
Ontology
Acquisition

Ontology Mapping

Ontology Design
Patterns

Ontology Reasoning

Reasoning in OWL

DL revisited

Reasoning problems

The End

Ontology Reasoning Reasoning problems

OWL pictures used according to license:

Squeezyboy:
http://www.flickr.com/photos/squeezyboy/154171735/

One Speckled Frog / Eric Ho�mann:
http://www.flickr.com/photos/speckledfrog

Larry McQueen - OWLS 1:
http://www.natureartists.com/artists/artist_

artwork.asp?ArtistID=1374&ArtworkID=18081

Tasshu Rikimara:
http://www.flickr.com/photos/tasshu113/4956888274/

Johan J.Ingles-Le Nobel: http:
//www.flickr.com/photos/jingleslenobel/4971486823/

Mara 1:
http://www.flickr.com/photos/flametree/4517245491/

Gabor Kovacs: http:
//www.flickr.com/photos/21923568@N00/2520990696/

Rhys's Piece Is: http:
//www.flickr.com/photos/rhysasplundh/5105241656/

GEIST (AGH-UST) Semantic Web Ontologies2 2014/2015 96 / 98

http://www.flickr.com/photos/squeezyboy/154171735/
http://www.flickr.com/photos/speckledfrog
http://www.natureartists.com/artists/artist_artwork.asp?ArtistID=1374&ArtworkID=18081
http://www.natureartists.com/artists/artist_artwork.asp?ArtistID=1374&ArtworkID=18081
http://www.flickr.com/photos/tasshu113/4956888274/
http://www.flickr.com/photos/jingleslenobel/4971486823/
http://www.flickr.com/photos/jingleslenobel/4971486823/
http://www.flickr.com/photos/flametree/4517245491/
http://www.flickr.com/photos/21923568@N00/2520990696/
http://www.flickr.com/photos/21923568@N00/2520990696/
http://www.flickr.com/photos/rhysasplundh/5105241656/
http://www.flickr.com/photos/rhysasplundh/5105241656/


Semantic Web
Ontologies2

GEIST

Outline

Ontology
Engineering

Introduction

Ontology
Creation � Where
Is Your Knowledge?

Constructing
Ontologies
Manually

Reusing Existing
Ontologies

Semiautomatic
Ontology
Acquisition

Ontology Mapping

Ontology Design
Patterns

Ontology Reasoning

Reasoning in OWL

DL revisited

Reasoning problems

The End

The End

Questions

Any questions?
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Thank you

Thank you for your attention!

http://geist.agh.edu.pl

GEIST Research Group

Powered by LATEX
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