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Ontology Engineering  Introduction
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Outline

Ontology Engineering
m Introduction
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The End
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Ontology Engineering  Introduction

Initial Questions

Outline

WHY /WHAT FOR do you need an ontology?

m do you need it at all?
m various types, domains
m various levels of expressive power

W Vvarious use case scenarios

m manually develop your own
The End

B reuse existing ones

m acquire with machine learning techniques
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Ontology Engineering  Introduction

Requirement Analysis

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

Outline

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

m knowledge exchange and integration
m semantic specification 4+ deduction — implicit knowledge

m Do we think |0glca||y7 Ontology Reasoning
m Available tools: license, support, maturity, interoperability
m What domain has to be modeled? What aspects of it? The End

m What are the tasks to be accomplished?
m browsing, searching, querying, inferences — what kind of?

m If a semantic, logic-based formalism is used, then which one?

GEIST (AGH-UST) Semantic VWeb Ontologies2 2014/2015 5/ 98



Ontology Engineering  Introduction

Types of ontologies

Outline

Top-level ontology

/ \

Domain ontology Task ontology

\ /

Application ontology

Ontology Reasoning

The End

One of the ontology classification by N. Guarino (1998)
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Formality levels of ontologies

Ontology Engineering  Introduction

Outline

XML Lo ]
Schema Description Logics
formal (owL)
Terms XML DTDs Taxonomies
Conceptual Data
‘ordinary’ Models
Glossaries (UML, ER)
Data General i )
Dictionaries Frames " Ontology Reasoning
EDL DB Logic
( ) Schema
Glossaries & MetaData, Formal Ontologies The End
Data Dictionaries XML Schemas, & Inference
& Data Models
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Ontology Engineering  Introduction

OWL 1 vs. OWL 2

Outline

The End

OWL1 OWL 2 Profiles
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Ontology Engineering  Introduction

OWL 2 languages

Outline

Ontology Reasoning

m Reasoning in polynomial time w.r.t. the size of data S
— See http://wuw.w3.org/TR/owl2-profiles/ -

m substantial user communities
B expressiveness limitations (e.g. no negation, disjunction)
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Ontology Engineering  Introduction

OWL 2 Profiles Reuvisited

OWL 2 EL Outline

m large, class-expression oriented
ontologies

m multiple classes/properties, complex
structural descriptions

m heavy use of classification to manage
and apply the terminology

m biohealth ontologies, e.g.: Galen , logy De
SNOMED-CT, the NCI thesaurus, Ontology Reasoning

m other domains/applications: system ’
configurations, product inventories, etc. e End

m "all children of a rich person are rich"

m "parentOf” and "childOf" are inverses of each other
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Ontology Engineering  Introduction

OWL 2 Profiles Reuvisited

m ontologies multiple instances, querying
as the most important task

m can represent key features of ER and
UML diagrams

® querying can be implemented with use
of standard RDBS preprocessing layer

m for representing database schemas or
integrating them via query rewriting il G

m supports inverse properties and
subproperty hierarchies, restricts class S
axioms asymmetrically

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

OWL 2 Profiles Reuvisited

m scalable reasoning, but still expressive

m reasoning can be implemented with
rule-based engines

m ideal for enriching RDF data with rules
m limited class modelling possibilities

m restriction for class expressions (hard to
express unknown individuals)

Ontology Reasoning

m restricts class axioms asymmetrically ey

The End

Examples of what CAN’'T be stated

m "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

Outline

m Heavyweight ontologies using Frames and First Order Logic
m Heavyweight ontologies using Description Logics

m Modeling ontologies with SE techniques
m UML + OCL for lightweight ontologies

m easy, popular, CASE tools
m UML class diagrams for concepts, OCL for class axioms, object

. - Ontology Reasoning
diagrams for instances "rolosy Heasoning

m Entity/Relationship diagrams + integrity constraints

The End
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

Outline

Outline

Ontology Engineering

m Ontology Creation — Where Is Your Knowledge?

Ontology Reasoning

The End
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

Where is your knowledge?

Outline

Creating and ontology — transferring knowledge into
computer-accessible form — from what kinds of sources?
m human sources
m unstructured sources
m semi-structured sources

Ontology Reasoning

m structured sources

The End
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

It’s in Your Heads: Human Sources

Outline

m A person knowledgeable about the domain — a domain expert

m A person knowledgeable in the representation formalism — a
knowledge engineer
m Interviews — cast knowledge into logical specification
m human communication, misunderstandings, redundancy,
feedback
m knowledge acquisition with examples or machine learning
techniques (decision tree learning, ILP)
m knowledge authoring interface

Ontology Reasoning

The End
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

It’s in Your Books: Unstructured Sources

Outline

m Hard problem: extracting formal specification from arbitrary
written texts
m Al — computational linguistics
m grammatical structure analysis (parsing)
m formalization: grammatical interdependencies — logical
interdependencies with use of transformation rules
m relevant lexical background knowledge needed (thesauri, e.g
WordNet) to complement the commonsense knowledge

Ontology Reasonin,

The End
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

It’s on the Web: Semi-structured Sources

Outline

m hyperlinks, wiki articles, semantic wikis

m file systems

Book details:

book catec
Title: The Call of Cthulhu

Author{h p relation

Publisher: iap Ontology Reasoning
Date:(2009 attribute
Language: english

Genre: horro The End
Pages: 52

Keywords: evenings
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

Semi-structured Sources (cont.)

Authaor: b

Outline

Publisher:

Date: 2006
Language: english

Genre: ha

Pages: 352

Keywords: christmas, cooking

Recommendation:

Books by this author:

The End

Books by this publisher:

Export to RDF
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

Semi-structured Sources (cont.)

Outline

<& |® | [ ® bookstore-case BREEGY A

| Active Ontology = Entities =~ Classes = Object Properti Data Properti lividual OWLViz DL Query OntoGraf |

contains : Search Clear

e | B [EEAAE ] aE] RG] ez @8] (@] «

Book
Genre Arc Types K
Publisher, ey
type xt
M= has individual
W = has subclass.
: e
h le_books ~ .
v Ontology Reasoning
4 betty_crocker_c
hristmas cookbo. h d
The End
# logical_foundat
ions_for_rule_b.
€ - B
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Ontology Engineering  Ontology Creation — VWhere Is Your Knowledge?

It’s in the Databases: Structured Sources

m content of the RDB translated into ontology

m ontology population (single individuals)
m schema information — terminological axioms

m reusing existing ontologies:

m ontology merging (several ontologies integrated into one)
m ontology alignment (loose coupling) with ontology mapping

StudentD _ Teacherld TeacherlD _ Name Classification
1 Lee | 2 1 icharl

Michael Math
‘—‘—‘ 2 Jua
0 exStudent_Nar

[ v

2 Eric - .
Ontology Reasoning

The End
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Ontology Engineering  Constructing Ontologies Manually

Outline

Outline

Ontology Engineering

m Constructing Ontologies Manually

Ontology Reasoning

The End
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Ontology Engineering  Constructing Ontologies Manually

Outline

Main Stages in Ontology Development
C |

Determine scope
Consider reuse
Enumerate terms
Define taxonomy
Define properties Ontology Reasonin
Define facets 0
Define instances
Check for anomalies
Not a linear process!

The End

© N o o~ Db =

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Outline

Determine Scope
.

® There is no correct ontology of a specific
domain
- An ontology is an abstraction of a particular
domain, and there are always viable alternatives
® What is included in this abstraction should be
determined by
- the use to which the ontology will be put
- by future extensions that are already anticipated

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDanger System

Outline

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

m Ontology-driven system based on TrafficDangerOntology
m Ontology describing traffic conditions and threats...
m ...to be used with a relational database (concrete data)

Dangers by location Any guestions ? About

Location described through postal code value: 30-081 - Ontology Reasoning

Possibility of pulling out of road. 250 L
Traffic congestion is higher than usual. =

Location described through street name: ArmiiKrajowej - The End

Vehicles speed on road can be higher than usual.

Location described through district name: Prokocim -

Should be safely.
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Ontology Engineering  Constructing Ontologies Manually

Outline

Determine Scope (2)

C |
® Basic questions to be answered at this stage
are:
- What is the domain that the ontology will cover?
For what we are going to use the ontology?

For what types of questions should the ontology
provide answers?

- Who will use and maintain the ontology? Lo En]

Ontology Reasoning

Chapter 7 A Semantic Web Primer

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



Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

Outline

m What are the traffic dangers on specific area ?

m Are there any dangers connected with low friction on specific
area ?

m What are the subareas of specific location ?

m What kind of dangers are connected with bad atmospheric
conditions ?

Ontology Reasoning

m |s there any danger connected with specific postal code on
specific district ?

m Are there any traffic conditions provided for specific location ? o B
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Ontology Engineering  Constructing Ontologies Manually

Outline

Consider Reuse

® With the spreading deployment of the
Semantic Web, ontologies will become more
widely available

® \We rarely have to start from scratch when
defining an ontology

- There is almost always an ontology available from
a third party that provides at least a useful starting
point for our own ontology

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Outline

Enumerate Terms
.

® \Write down in an unstructured list all the relevant
terms that are expected to appear in the ontology
- Nouns form the basis for class names
- Verbs (or verb phrases) form the basis for property names
® Traditional knowledge engineering tools (e.g. Ontology Reasonin
laddering and grid analysis) can be used to obtain -
- the set of terms

ey he d
- an initial structure for these terms fhe En

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

Outline

Ontolog
[

m Classes: Location, TrafficCondition, TrafficDanger, etc.
m Object Properties: haslLocation, hasTrafficCondition, etc.
m Datatype Properties: hasAverageDriversDensityPerKilometer

Ontology Reasoning

The End
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Ontology Engineering  Constructing Ontologies Manually

Define Taxonomy
G

® Relevant terms must be organized in a
taxonomic hierarchy
- Opinions differ on whether it is more
efficient/reliable to do this in a top-down or a
bottom-up fashion
® Ensure that hierarchy is indeed a taxonomy:

- If Ais a subclass of B, then every instance of A
must also be an instance of B (compatible with
semantics of rdfs:subClassOf

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering

Example: TrafficDangerOntology

PostalCodeLocation
StreetlLocation

UndorgroundCrosswallccondition
ReiilwayCrossingCondition

SmoothCondition
¥ @ SecondCategorySurfaceCondition

PoorlyDre nedeudilinn
rafficLighsCon
amkml..gmsc“aumn
NoLightsCon.

gl..gl-lsc“dumn

PaliceControlCondition

GEIST (AGH-UST)

Constructing Ontologies Manually

v

Semantic VWeb Ontologies2

Outline

TimeCondition

AirTemperatureCon
BelowFreezingTemper:
HighTemperatureConel

FoggyCondition
NoPreci ionCondition

TrafficDanger
LowFrictionDenger
NemedTrafficDanger
AnimalsCollisionPossibilityDanger
nglightDanger
CarelessPedestriansDeanger
ExcessiveSpeedPossibilityDanger
FreezingSurfaceDanger The End
LeafsOnRoadDanger
AsphaltDanger
metricConditionDemger

WetSurfaceDanger
RoadConstructionDanger
RoadObstaclesDanger
SecondCategoryRoadDeanger
WeatherDanger

2014/2015

Ontology

32 / 98



Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

 MeltingAsphaltbanger ) Outline

Ontology

 ExcessiveSpeedPossibilityDanger

 BlindingLightDanger

TrzedollisianP ossibilityDanger
PullingOutofRoadDanger
LeafsOnRoadDanger )

_ (PoavisibilityDanger

NamedTrafficDanger

— T TrafficCangestionDanger -
 LowFrictionDanger ":"

 WetSurfaceDanger
N o SecondCategonRoadDanger
(( Thing Peiss—t( TraﬁicDanger: — J \

- <% %

CarelessPedestriansbanger

i3 RoadCanstustionDanger

crEee — The End

AnimalsCollisianPossibilityDanger

a ~ — B
WeatheDanger -
R NegativeBiometricConditionDanger
 RoadObstaclesDanger ) S
. TrainCollisionPossibilityDanger
“FreezingSurfaceDanger
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Ontology Engineering  Constructing Ontologies Manually

Define Properties
.

® Often interleaved with the previous step

® The semantics of subClassOf demands that
whenever A is a subclass of B, every
property statement that holds for instances of
B must also apply to instances of A

- It makes sense to attach properties to the highest
class in the hierarchy to which they apply

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

Outline

mhaslocation

hasTrafficCondition

- mhasAreaCondition
mhasCongestionCondition
r--mhasRoadConstructionCondition
------ mhasBuildingMaterialCondition

mhasCrosswalkCondition
| B

ilweyCr ingCondition
------ mhasRoadExtensionCondition
mhasSurfaceCondition

------ mhasTrafficLighsCondition
hasRoadl tionCondition

hasTimeCondition
mhasWeatherCondition
-mhasAirPressureCondition
mhasAirTemperatureCondition Ontology Reasoning
- mhasCloudinessCondition

. mthasPrecipitationCondition
------ mhasWindCondition
isLocationOf The End
isTrafficConditionOf

- mlhasAvarageDriversDensityPerKilometer
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Ontology Engineering  Constructing Ontologies Manually

Outline

Define Properties (2)
G

® While attaching properties to classes, it
makes sense to immediately provide
statements about the domain and range of
these properties

® There is a methodological tension here
between generality and specificity:
- Flexibility (inheritance to subclasses)
- Detection of inconsistencies and misconceptions

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

CongestionCondition
Equivalent object prapertie

mmhasTratficCondition

asoning

PerKilometer

The End
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Ontology Engineering  Constructing Ontologies Manually

Outline

Define Facets: From RDFS to OWL
.

® Cardinality restrictions
® Required values
- owl:hasValue
- owl:allValuesFrom
- owl:someValuesFrom
® Relational characteristics

- symmetry, transitivity, inverse properties,
functional values

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

Outline

m WeatherDanger concept:

Equivalent classes

TrafficDanger
and hasWeatherCondition some WeatherCondition

m LowFrictionDanger concept

Equivalent classes

TrafficDanger
and (hasPrecipitationCondition some [RainyCondition
or SnowyCondition)
and hasSurfaceCondition some PoorlyDrainedCondition) Ontology Reasoning
or [hasAirTemperatureCondition some HighTemperatureCondition e -
and hasBuildingMaterial lition some AsphaltCondition)
or [hasAirTemperatureCondition some BelowFreezingTemperatureCondition)

The End

m DangersAtStareMiasto

TrafficDanger and hasTrafficCondition some (C and hasl ion value StareMiasto)

GEIST (AGH-UST) Semantic VWeb Ontologies2 2014/2015 39 /98



Ontology Engineering  Constructing Ontologies Manually

Outline

Define Instances
|

® Filling the ontologies with such instances is a
separate step

® Number of instances >> number of classes ;

® Thus populating an ontology with instances et Lo
is not done manually '
- Retrieved from legacy data sources (DBs)
- Extracted automatically from a text corpus

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

Outline

m Individuals by classes:

¥-- ) DistrictLocation [3)

----- & Bronowice

----- # Kazimierz

----- & Prokocim
PostalCodelocation (5]

Streetlocation (4]
----- & ArmiiKrajowej
..... ’ Dietla Ontology Reasoning
----- & Krolewska :
----- & Starowislna

The End
m Property assertions for ArmiiKrajowej inividual:
Object property assertions
mhaslocation Bronowice

MisLocationOf 30-147
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

Equivalent classes

Location
and {Kazimierz, Bronowice, StareMiasto, Prokocim, Podgorze}

Super:

Location

Infarred ananymous supercla

Members

# Bronowice
# Kazimierz

# Podgorze

# Prokocim

# StareMiasto

Disjoint classes

PostalCodel ion, Streetl

GEIST (AGH-UST) Semantic VWeb Ontologies2

Outline

Ontol

The End

2014/2015
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Ontology Engineering  Constructing Ontologies Manually

Outline

Check for Anomalies
.

® An important advantage of the use of OWL over
RDF Schema is the possibility to detect
inconsistencies
- In ontology or ontology+instances
® Examples of common inconsistencies Ontology Reasonin
- incompatible domain and range definitions for transitive, ;
symmetric, or inverse properties
- cardinality properties
- requirements on property values can conflict with domain
and range restrictions

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

Inferred information about Bronowice:

Outline
Fie Edit Onlolgies | Reasoner Tools Refa misLocationOf ArmiiKrajowej
< | [@ Tram Classify... CmR misLocationOf 30-079
MisLocationOf 30-081
FaCT++
MisLocationOf 30-147
®* None

misLocationOf Krolewska

Inferred information about BronowiceLocationDanger:

Equivalent classes

TrafficDanger
and (hasTrafficCondition some [TrafficCondition and hasLecation value Bronowice]
or hasLocation value Bronowice]

Superclasses The End

TrafficDanger

Inferred anonymous superclasses
hasTrafficCondition some TrafficCondition

hasl ti some L ti
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Ontology Engineering  Constructing Ontologies Manually

Example: TrafficDangerOntology

¥ @ TrafficDanger

NamedTrafficDanger
AnimalsCollisionPossibilityDanger
BlindingLightDanger

Outline

FreezingSurfaceDanger
LeafsOnRoadDanger
MeltingAsphaltDanger

g
PoorVisibilityDanger
PullingOutOfRoadDenger
TrafficCongestionDanger

WetSurfaceDanger
RoadConstructionDanger
CarelessPedestriansDen
ExcessiveSpeedPossil
LeafsOnRoadDanger
MeltingAsphaltDanger
SecondCategoryRoadDanger
i @ PoorVisibilityl
PullingOutOfRoadDanger
WetSurfaceDanger
TrainCollisionPo: tyDanger
TreeCollisionPossibilityDanger
RoadOhbstaclesDanger
i @ AnimalsCollisionPossibilityDanger
LeafsOnRoadDanger
PullingOutOfRoadDanger
TreeCollisionPossibilityDanger The End
‘WeatherDanger
BlindingLightDanger
ExcessiveSpeedPossil
LeafsOnRoadDanger
LowfFrictionDanger
FreezingSurfaceDanger
- @ MeltingAsphaltDanger
WetSurfaceDanger

PoorVisibilityDanger
PullingOutofRoadDanger
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Ontology Engineering  Reusing Existing Ontologies

Outline

Outline

Ontology Engineering

m Reusing Existing Ontologies

Ontology Reasoning

The End
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Ontology Engineering  Reusing Existing Ontologies

Outline

Existing Domain-Specific Ontologies
C |

® Medical domain: Cancer ontology from the National
Cancer Institute in the United States

® Cultural domain:

- Art and Architecture Thesaurus (AAT) with 125,000 terms
in the cultural domain

- Union List of Artist Names (ULAN), with 220,000 entries on

Ontology Reasoning

artists
- lconclass vocabulary of 28,000 terms for describing cultural
images
® Geographical domain: Getty Thesaurus of UL Gl
Geographic Names (TGN), containing over 1 million
entries
Chapter 7 A Semantic Web Primer
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Ontology Engineering  Reusing Existing Ontologies

Outline

Upper-Level Ontologies
.

® Some attempts have been made to define
very generally applicable ontologies
- Mot domain-specific

® Cyc, with 60,000 assertions on 6,000
concepts

® Standard Upperlevel Ontology (SUO)

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Reusing Existing Ontologies

Example: CyC ontology

Outline

4 OpenCyc Selected Vocabulary and Upper Ontology

E-Mail Comments to: doc@cyc.com
Last update: March 27, 2002
Copyright© 1996 - 2002 Cycorp All rights reserved.

TemporelThing SpstiaThing

‘SpatialThing: Lacalized

=\
TangibleThing

IntangbleE xistingThing | | CompositTarghle
AnibtarghlaChioct

Fuction-Denotationsl

The End

FixedéityRelation

-Predncau
~

BinayFredicae | [Ovjectroicate |\ Questifies |

T

hetps s cyc.comjeyedocfvoeabjupperont-ciagram. bl
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Ontology Engineering  Reusing Existing Ontologies

Example: DOLCE ontology

Outline

ED PDO
Abslracl Endurant Perdurant/
/\ Occurence
.. Fact
EV STV
Temparm Ph swcal Non- pnysma\ Event Stative
Region R/\ Region
58
hme Quamy Subslantial G e
Interval Reguon Achievement  Accomplishment

ST PRO
State  Process

Tempura\ Physml Non- physma\

Quality Quality Quality PSB NPSB
Physical Non-physical
Substantial Substantial
The End
AG F FOB NPOR
Aggregate Feature Physical Non-physical
Object e
M AC RP PL PO NAPO MOB
Amount of  Arbitrary  Relevant Place  Agentive  Non-agentive Mental Object Suc.m Omeal

Matter  Collection Part Physical Physical
Object Object
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Ontology Engineering  Reusing Existing Ontologies

Example: SUMO ontology

2000 projects\sumoL 46\ SUMOL8:2pr)
Help

[o/=/a ==

JS=T|

Outline

| Classes || [/Sots "TiForms 1 Instances | ¢ Queries | Knowledge Acquisition | ¢ T Classes & Instances Ontowz |

© orapt
& ot

teen | s |

Timettessure

TmeDurstan

Ontology Reasoning

The End

al Lo s et
Bt | DG 2 9@ B DS || G | Fo | Kron] @0 | B | v iin | @0 | En. | Frv [[Foi. [BAPLLHS I RGN ZUHBOHE 1590
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Ontology Engineering  Reusing Existing Ontologies

Outline

Topic Hierarchies
.

® Some “ontologies” do not deserve this name:
- simply sets of terms, loosely organized in a hierarchy

® This hierarchy is typically not a strict taxonomy but
rather mixes different specialization relations (e.g.

is-a, part-of, contained-in) @ity Fesemii
® Such resources often very useful as starting point L
o : Open Directory hierarchy, containing

The End

more then 400,000 hierarchically organized
categories and available in RDF format

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Reusing Existing Ontologies

Outline

Linguistic Resources
G

® Some resources were originally built not as
abstractions of a particular domain, but
rather as linguistic resources

® These have been shown to be useful as
starting places for ontology development
- E.g. , with over 90,000 word senses

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Reusing Existing Ontologies

Example: WordNet

Outline

rdf:type

wh¥YordSense == @
wh:inSynSet

rdf:type

The End

Relations to other word X
senses, e.g. antonym Relations to other synsets,

e.q. hypemym, hyponym
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Ontology Engi ing iautomatic Ontology Acquisition

Outline

Outline

Ontology Engineering

m Semiautomatic Ontology Acquisition

Ontology Reasoning

The End
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Ontology

gil ing iautom atic Ontology Acquisition

Outline

The Knowledge Acquisition Bottleneck
C |

® Manual ontology acquisition remains a time-
consuming, expensive, highly skilled, and
sometimes cumbersome task

° techniques may be used
to alleviate
- knowledge acquisition or extraction
- knowledge revision or maintenance

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology

gil ing iautoma tic Ontology Acquisition

Tasks Supported by Machine Learning
C |

® Extraction of ontologies from existing data on the
Web

® Extraction of relational data and metadata from
existing data on the Web

® Merging and mapping ontologies by analyzing Ontology Reasoning

extensions of concepts 0
® Maintaining ontologies by analyzing instance data
® |mproving SW applications by observing users

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Ontology Mapping

Outline

Outline

Ontology Engineering

m Ontology Mapping
Ontology Reasoning

The End
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Ontology Engineering  Ontology Mapping

Ontology Mapping
.

® A single ontology will rarely fulfill the needs
of a particular application; multiple ontologies
will have to be combined

® This raises the problem of ontology
integration (also called ontology alignment or Ontology Reasoning
ontology mapping) '

® Current approaches deploy a whole host of ——
different methods; we distinguish linguistic,
statistical, structural and logical methods

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Ontology Mapping

Ontology Mapping Methods

m Linguistic Methods

m exploit the linguistic labels attached to the concepts — discover
potential matches

m specialized domain knowledge required, similarity is relative

Outline

Ontology 2 {Ife XML

ety skaly
gt beemert troe

/ Thestabs

<M Bubtiog e nt

030000 NGOG

redefined Type VistiestatiTy
o

052500 Aluminum Joist Frag
05 30 00 Mnl Decking
053100 ; Dech

M3 ll-! ng 2, ina
HERT™ wmnmmq . ) ,/ Reasoning
SR AN Biasl P Pack . X _ -
~ \ x .
b ~
. / 4 -

2209.2 Composite sl’abs or‘bsteel The End
» OmniClass: "composite decking’, ,corﬁ:rere “construciing”, -
“decks”, “design’, "designing"”, sreel decking”

» HeXML: “ifeSiab”, “WcSlabT pe , "WeSlabTypeEnum”,
“compaosite”, "design”, “steel

Composite slabs of concrete and steel deck shall be designed
and constructed in accordance with ASCE 3

Regulation Corpus
(International Building Coda)
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Ontology Engineering  Ontology Mapping

Ontology Mapping Methods

Outline

m Statistical Methods
m analyze statistical correlation between the instances of source
and target concepts
m sufficiently large data corpus required

........... DB =sesssansnas Object
............ 08-venun,,,.
---- 07 5 Ontology

Has.
En H: Has
Has -
Has, 105,
las

H: s Horsepower
Horsepower
Cylinder ];'Dl

Ontology A Ontology B

Autobus The End
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Ontology Engineering  Ontology Mapping

Ontology Mapping Methods

Outline

m Structural Methods

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

Ontology Reasoning

The End
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Ontology Engineering  Ontology Mapping

Ontology Mapping Methods

Outline

m Logical Methods

m most specific, but most of the ontologies are semantically
lightweight (do not carry much logical formalism)

Relations/Attributes
= @ cer
@ engine
D hasChassis
= @ Chassis
@ hasControlSystem
D hasFrame
D haswheels
© Wheel
Ontology
Relations/Attributes
= @ car
D hasengine
D hasFrame
D haswheels

® wheel

The End
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Ontology Engineering  Ontology Mapping

Example: Neon toolkit

Outline

B

04, NeOn Toolkit
Fle Edt Insert Page Element
e

Data Navigate Search Project ‘Window Help
@- i = [ | [ ntegration |[<&] ROF
/) Report Desion (i} RulefQuery ! F-Logic

2 *ortology Navigator 52 =0 mX:el Annotation RALY"0

& 1F Dema 2_1 [Flogic]
2 ="http: [ fewe CarDemoDB, com'” Search for
® dh P http e CarDemolntearatic

- Rule debug

= Search for ~

B 2 "https ([ CarDemolrtearatii

® fh FNeonTookiDems
1=F NewontologyProject [ROF] S @ @ prics
#12F RDF_Dermo_2_ 1 [RDF] @ courtries = @ product
@ pricss car
© seles # @ region
Concept Detail Tree @ sales
Adtributes/Relations Attributes/Relations
5 et Ecr
& cars_name | ' hashame
@ cars_company @ Properties fram product
@ cars_type Link Instances with Concept

Tree
Refresh Instances

\ Instanee Table
G Instences &
= The End

&
&

Instances

‘The 'cars' to ‘Auto’ mapping anly applie
cars_company | cars_name | ) instance | inCountry inRegion  ofc|
source property s v

“audi AG" "Audi A2
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Ontology Engineering  Ontology Mapping

Outline

Ontology-Mapping Techniques
Conclusion

® Although there is much potential, and indeed
need, for these techniques to be deployed for
Semantic Web engineering, this is far from a
well-understood area

® No off-the-shelf techniques are currently
available, and it is not clear that this is likely
to change in the near future

Ontology Reasoning

The End

Chapter 7 A Semantic Web Primer
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Ontology Engineering  Ontology Design Patterns

Outline

Outline

Ontology Engineering

m Ontology Design Patterns

Ontology Reasoning

The End
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Ontology Engineering  Ontology Design Patterns

Rationale

Outline

m 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

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

m Hence, in analogy to software design patterns: ontology design
patterns
Ontology Reasoning

m ODPs summarize the good practices to be applied within design easoning in

solutions
The End

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

m See http://ontologydesignpatterns.org/wiki/Main_Page
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Types of Patterns

Ontology Engineering  Ontology Design Patterns

Outline

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

Ontology Reasoning

Lexico-Syntactic OP are linguistic structures or schemas that The End
permit to generalize and extract some conclusions about the
meaning they express
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Ontology Engineering

Ontology Design Patterns

Ontology Design Patterns Website

[ ontologydesignpatterns.org

[ onislogy design patierns . org (odp) || dscussion |

2 Login

navigation
= Viainpage

= Uit patterns
= Patem ypes

= Vodeinglssues

= Domains.

= Submit apattern
= Submit an exemplary
ontology
= Postamedelng lssue
= Review apatern
= Feedback about he
poral
= Reguestan 00F
help
= Abou ODP
= Whats a patern?
= Whats an exempiary
onology?
How to post apattern
= Training

logues
= Content ODPs

= Reengeering ODPS
= Algme

0P
= Logical 00Ps

= Architectural ODPs

= Lexico Syrtactic 0DPs
cenplery Ortclogies

qualiy commi

n10p publishers

ogue

enry

GEIST

Ontology Design Patterns . org (ODP)

OntolagyDesignPatiems.org is a Semantic Web portal dedicated to ontology design patterns (ODPs),

The portal was started under the NeOn project &, which st partly supports its development.

What's new

= The 4th Workshop on Ontology and Semantic Web Patters (WOP2013) will be held at ISWC2013 (OSctober 21 or 22) in Sidney, Australia

= Two open position at STLab in research related to knowledge patters: one is for a ju

the news.

Navigation
List of Patterns
@
You can find lsts here, detaiing all
available ontolagy design pattems

Contribute

Submit Pattel

Start here if you want to submit an ontology
pattern.

or researcher g and one is for a

Patter types
Ontology patterns are of several types. Here
are detalls about pattern types and their
taxonomy.

Post Modeling Issuie
If you have an unsolved modeling problem
you wish to share with the community, post
it here!

i)

Dom:

ins
Ontology pattems can cover, or be related
to, a particular domain. Here Is a st
Modeling Issues

See all loaded modeling issues. Modeling
issues are linked to ontology patters that
Solve a defined problem.

Training Area
Learn about ODPs!

Fuens
185 see aiistof events refated to ontology
doignpatns
Reviews
(AGH-UST)

Submit an Exemplary Ontology
Start here if you want to submit an
exemplary ontology.

(™ Post Review About a Pattern

(g Review a submission to contribute to the

cerification process.

Post Your Feedback

Ifyou hay
find information you need, or simply wish to
propose enhancements, you can give
feedback here about the ODP portal

Issues about the web site, cant

Request Account
To make changes to the ODP wiki portal,

you need to be logged in

. Have a look at the short description in

News

%\ Latest ODP News!
-

Ath editi

of WOP at ISWC 2013 @

30 April 2013 13:13:07 - by ValentinaPresutti
Two open position at STLab CNR Italy (one
junior researcher and one post-doc)&

04 - by ValentinaPresutti

3rd Workshop on Ontology Patterns accepted
for ISWC2012 7

29 May 2012 09:09:06 - by EvaBlomquist

Pattern Camp - Paris &

22 November 2011 08.08:23 - by EvaBlomauist

ODP Seminar in Lim&Bio Lab - Paris 13

University - 16th June 2011 &

27 October 2011 23:23:04 - by RIMDJEDIDI

2nd Workshop on Ontology Patterns (WOP)
accepted at ISWC 2010! 3

by EvaBlomquist

VOCamp in Paris - #vocampparis2010 @

by FrancoisScharfe
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Ontology Reasoning

Outline

Ontology Reasoning
m Reasoning in OWL
m DL revisited
m Reasoning problems

GEIST (AGH-UST) Semantic VWeb Ontologies2

Outline

The End
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Ontology Reasoning  Reasoning in OWL

Outline

Web Ontology Language (OWL)

m What can be done with OWL?

Consistency checks — are there contradictions in the
logical model?

Satisfiability checks — are there classes that cannot
have any instances?

Classification — what is the type of a particular
instance?

Ontology Reasoning

The End

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

= JEE
OWL2 structure Out

Ontology
Enginee
functional
syntax
document

produce (required)
parse (required)

mappin >N

-
/ Syntax layer

( Ontology RDF }

N\ structure Biscemg y Semantics layer

The End

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

Outline

OWL2 semantics

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

A correspondence theorem provides a link between the two

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

soning

The End

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

" S
OWL 2 direct semantics

m Assigns meaning directly to ontology structures, resulting in a
semantics compatible with the model theoretic semantics of
the SROIQ description logic

SROIQ is a fragment of first order logic with useful computational
properties

m The advantage of this close connection is that the extensive
description logic literature and implementation experience can
be directly exploited by OWL 2 tools

m However, some conditions must be placed on ontology
structures in order to ensure that they can be translated into a
SROIQ knowledge base

E.g, transitive properties cannot be used in number restrictions

m Ontologies that satisfy these syntactic conditions are called

OWL 2 DL ontologies

F. Corno, L. Farinetti - Politecnico di Torino 18

Ontology Reasoning

The End

GEIST (AGH-UST) Semantic VWeb Ontologies2 2014/2015 74 / 98



Ontology Reasoning  Reasoning in OWL

OWL 2 RDF-based semantics

Outline

m Assigns meaning directly to RDF graphs and so indirectly to
ontology structures via the Mapping to RDF graphs

m The RDF-Based Semantics is fully compatible with the RDF
Semantics, and extends the semantic conditions defined for
RDF

m The RDF-Based Semantics can be applied to any OWL 2
Ontology, without restrictions, as any OWL 2 Ontology can be
mapped to RDF Ontology Reasoning

m “OWL 2 Full” is used informally to refer to RDF graphs
considered as OWL 2 ontologies and interpreted using the
RDF-Based Semantics WD E]

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

Outline

Outline

Ontology Reasoning

K Ontology Reasoning

m DL revisited The End
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Ontology Reasoning DL revisited

ESSLLI 2005 Stefan Schlobach & Heiner Stuckenschmidt 18

Outline

Description Logics: Syntax

» Concepts corresponds to classes

» Roles correspond to class properties

» Constructors mix of set notation and FO quantification
Booleans: C M D, C U D, =C
Qualified quantification: VR.C, AR.C

» Variable free notation for concepts (classes) y Reasoning

e artist(x) = person(x) ATy created(x,y) N Artwork(y)
is written as ArtistC Person M Jcreated. Artwork he End
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Ontology Reasoning DL revisited

" SN
OWL-DL Semantics

Ontology
Engineering

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

m The formal definition is extremely concise

...but not so straightforward to understand!

Ontology Reasoning

The End

F. Corno, L. Farinetti - Politecnico di Torino 1
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Ontology Reasoning DL revisited

ESSLLI 2005 Stefan Schlobach & Heiner Stuckenschmidt 19

Description Logic: Semantics

» Interpretations are pairs (A, -T), with a universe A and a mapping

Z from

e concept names to subsets of A
e role names to binary relations

» Booleans: C M D, (cnD)=cTnD?
cubD (cubD)I=cTubD?
-C () = a\C?T

Qualified quantification:
VR.C VR.CT={zx e A|VyeA: RT(z,y) -y e CT)}
3R.C JR.CT={zx c A|TycA: RI(z,y)&y € CT)}

GEIST (AGH-UST) Semantic VWeb Ontologies2

Outline

Ontology

The End

2014/2015
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Ontology Reasoning

DL revisited

ESSLLI 2005

Modular Definition

Stefan Schlobach & Heiner Stuckenschmidt 22

of Description Logics

Constructor Syntax Semantics
concept name C cTt
conjunction Cinae, CII N C;‘r
univ. quant. YR.C {d; | Vd2 € AT.(RTd\dy — d» € CT)}
top T AT
negation (C) -C AT\ CT
disjunction (i) CiuCy CII U C;‘r
exist. quant. (£) 3JR.C {d; | 3dy € AT.(RTdydy A dy € CI)}
number restr. (N) >nR {dy | [{d2 | RTd1d>}] > n}
<nR {dy | [{d | RTd\d>}| < n}
one-of (O) {a1,...,a,} | {d | d = aZ for some a;}
filler (B) 3R.{a} {d| d = R*da®}
role name R RZ
role conj. (R) RiM Ry R{' N RZI
inverse roles (T) R1 {(d1, d2) | R*(d2,dy)}

GEIST (AGH-UST)

Semantic VWeb Ontologies2

Outline

The End
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= S
OWL Formal semantics

= Ingredients:
= Vocabularies Vxx
» Mapping functions (which provide ‘meaning’) EC, ER
= Interpretation of syntax constructs
= Interpretation of axioms and facts

Ontology Reasoning

The End
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" S
Interpretation of constructs

Ontolog

complementOf(c)

unionOf(c; ... ¢)

intersectionOf(c, ... c,)

oneOf(i; ... iy), for i individual IDs

oneOf(v; ... v,), for v literals

restriction(p x; ... X,), forn>1

restriction(p allValuesFrom(r))

restriction(p someValuesFrom(e))

restriction(p value(i)), for i an individual ID

restriction(p value(v)), for v a literal

restriction(p minCardinality(n))

restriction(p maxCardinality(n))

restriction(p cardinality(n))

Individual(annotation(p, 0,) ... annotation(p, o,)
type(Cy) .. type(Cy) pY; -.. PY,)

Individual(i annotation(p; o,) ... annotation(p, 0,)
type(cy) ... type(Cr,) PV - PVy)

value(p Individual(...))

value(p id) for id an individual ID

value(p v) for v a literal

annotation(p o) for o a URI reference

annotation(p Individual(...))

GEIST (AGH-UST)

Ontology Reasoning DL revisited

O-EC(c)

EC(c,) U ... UEC(c,)

EC(c,) N ... N EC(c,)

{S(i), ..., S}

{S(¥y), ..., S(vp}

EC(restriction(p x;)) N...NEC(restriction(p x,))
{x € O | <x,y> € ER(p) implies y € EC()}

{x €O |3 <xy>€ER(p) Ay € EC(e)}

{x € O | <x,S(i)> € ER(p)}

{x € O | <x,S(v)> € ER(p)}

{x € O | card({y € OULV : <x,y> € ER(p)}) = n}
{x € O | card({y € OULV : <x,y> € ER(p)}) < n}
{x € O | card({y € OULV : <x,y> € ER(p)}) = n}

EC(annotation(p, 0,)) N ... EC(annotation(p, o)) N
EC(c,) N ... N EC(c,,) N EC(pvy) N...N EC(pv,)

{S(i)} N EC(annotation(p; 0,)) N ... EC(annotation(p, 0,))
n

CELL

EC(c,) N ... N EC(c,,) N EC(pvy) N...N EC(pv,) The End
{x € O | 3 yeEC(Individual(...)) : <x,y> € ER(p)}
{x € O| <x,S(id)> € ER(p) }
{x € O | <x,S(v)> € ER(p) }
{x € R | <x,5(0)> € ER(p) }

{x € R| 3y € EC(Individual(...)) : <x,y> € ER(p) }

Semantic VWeb Ontologies2
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" S
Interpretation of axioms and facts |

Class(c complete
annotation(p; 0,) ... annotation(py o,)
descr, ... descr,)
Class(c partial
annotation(p, 0,) ... annotation(p, o,)
descr, ... descr,)
EnumeratedClass(c
annotation(p, 0,) ... annotation(p, o,)
ip...ip)
Datatype(c
annotation(p, 0,) ... annotation(p, 0,) )

DisjointClasses(d, ... d,)
EquivalentClasses(d, ... d,)
SubClassOf(d, d,)
DatatypeProperty(p
annotation(p, 0,) ... annotation(py o,)
super(s,) ... super(s,)

domain(d,) ... domain(d,) range(r,) ... range(

)
[Functional])

GEIST (AGH-UST)

S(c) € EC(annotation(p; 0;)) ... S(c) €
EC(annotation(p, 0,))

EC(c) = EC(descr,) N...N EC(descr,)
S(c) € EC(annotation(p; 0;)) ... S(c) €
EC(annotation(p, 0,))

EC(c) € EC(descr,) N...N EC(descr,)
S(c) € EC(annotation(p; 0;)) ... S(c) €
EC(annotation(p, 0,))

EC(0) ={ S(ix), --.. S(in) }

S(c) € EC(annotation(p, 0,)) ... S(c) €
EC(annotation(p, 0,))

EC(c) c LV

EC(d) NEC(dj) ={}for1<i<j<n
EC(d) =EC(d)for1<i<js<n

EC(d,) € EC(d,)

S(p) € EC(annotation(p, 0,)) ... S(p) €
EC(annotation(p, 0,))

ER(p) € OXLV N ER(s;) N...N ER(s,) N
EC(d,)XLV N...N EC(d,)XLV N OXEC(ry)

N...N OXEC(r,)
[ER(p) is functional]

Semantic VWeb Ontologies2

Xeasoning

The End

2014/2015 83 / 98



Ontology Reasoning DL revisited

" S
Interpretation of axioms and facts Il

ObjectProperty(p S(p) € EC(annotation(p, 0,)) ... S(p) €
annotation(p, 0,) ... annotation(p, o,) EC(annotation(p, 0,))
super(s,) ... super(s,) ER(p) € OXO N ER(sy) N...N ER(s,) N
domain(d,) ... domain(d,) range(r,) ... range( EC(d,;)xO N...N EC(d,)xO N OXEC(ry)
r.) N...N OXEC(r,)
[inverse(i)] [Symmetric] [ER(p) is the inverse of ER(i)] [ER(p) is
[Functional] [ InverseFunctional] symmetric]
[Transitive]) [ER(p) is functional] [ER(p) is inverse
functional]

[ER(p) is transitive]
AnnotationProperty(p annotation(p, 0,) ... annot S(p) € EC(annotation(p, 0y)) ... S(p) €

ation(p, 0,)) EC(annotation(p, 0,))
OntologyProperty(p annotation(p, 0,) ... annotat S(p) € EC(annotation(p, 0,)) ... S(p) €
ion(p, 0,)) EC(annotation(p, 0,)) Reasoning
EquivalentProperties(p; ... p,) ER(p) = ER(p) for1<si<jsn 2
SubPropertyOf(p; p,) ER(p,) € ER(py)
Samelndividual(i, ... i;) S(i) = S(i) for 1 <j<k<n
Differentindividuals(i, ... i) S(i) # S(i) for 1 <j<ks<n The End
Individual([i] annotation(p; 0,) ... annotation(p, o EC(Individual([i] annotation(p, o,) ... annotation(
Py )
type(c,) ... type(Cy) PV, .. pV,) type(c,) ... type(Cy,) pV; ... pv,) 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

Ontology Reasoning

The End
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Ontology Reasoning DL revisited

ESSLLI 2005 Stefan Schlobach & Heiner Stuckenschmidt 20

Outline

Concept Reasoning

Based on these semantics there are two basic reasoning services:

» Concept satisfiability, = C # L.
e Check whether for some interpretation Z we have C% # &.
o = Vcereates.Sculpture M Iereates. (Artwork M —Sculpture) =L

» Concept subsumption, |= Cy C Cs.
o Check whether for all interpretations Z we have C¥ C C7. ) '
soning
e Vcreates.Painting M Jcreates. T T ereates. Painting. :

The End
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Ontology Reasoning DL revisited

ESSLLI 2005 Stefan Schlobach & Heiner Stuckenschmidt 26

Terminological Reasoning

T = { Painting © Artwork M —=Sculpture,
Painter C Jereates. Paintings,
Sculpturer © Jereates. Artwork M Y creates.Sculpture }

» Concept satisfiability, ¥ |= C # L.
o Check whether there is an interpretation T such that T = X
and CT C C¥.
e Concept unsatisfiability: ¥ |= Painter M Sculpturer =_1.

» Subsumption, ¥ = C; E Cs.
e Check whether for all interpretations Z such that Z |= X we
have CT C CZ.
e Subsumption: ¥ |= PainterC = Sculpurer

GEIST (AGH-UST) Semantic VWeb Ontologies2

Outline

The End

2014/2015
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Ontology Reasoning DL revisited

ESSLLI 2005 Stefan Schlobach & Heiner Stuckenschmidt 27

Assertional reasoning

= { rembrandt: Artist, nightwatch: Painting,
A = trembra _ JREarchLaming. od 5 = (T, A)
(rembrandt.nightwatch):created}

» Consistency, 3 |= L.
e Check whether there exists Z such that T |= X.

e X |=A# L but ¥ = Au{rembrandt:Sculpturor}=_1

» Instance Checking, ¥ |= a:C.
e Check whether a € C7 for all interpretations Z = .

o rembrandt€x Painter.

» Defined reasoning tasks:
o Retrieval: retrieve(Artists)= {rembrandt}.
e Realization: find most specific concepts in 7 for instances in A
realize (rembrandt)=Painter
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Ontology

Outline

Outline

Ontology Reasoning

K Ontology Reasoning

The End
m Reasoning problems
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Ontology

A Reasoning Problem

A is alogical consequence of K
written K E 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!!!

The End

WRIGHT STATE KR4SW — Winter 2010 — Pascal Hitzler 4
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Ontology

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) Ontology Reasoning
needs to be proven formally.
Which is often a non-trivial problem requiring substantial
mathematical build-up. The End

We won'‘t do the proofs here.

WRIGHT STATE KR4SW — Winter 2010 — Pascal Hitzler 5
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Ontology

Important Inference Problems

Outline
Ontolo
* Global consistency of a knowledge base. KB E false?
— Is the knowledge base meaningful?
e Class consistency C=.17
— Is C necessarily empty?
e Class inclusion (Subsumption) CCD?
— Structuring knowledge bases
» Class equivalence Cc=D?
— Aretwo classes in fact the same class?
¢ Class disjointness cnb=1?
— Do they have common members?
e Class membership C(a)?
— Is acontained in C?
* Instance Retrieval »find all x with C(x)" T B

— Find all (known!) individuals belonging to a given class.

WRIGHT STATE KR4SW — Winter 2010 — Pascal Hitzler 7
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Ontology ing ing p

Reduction to Unsatisfiability

* Global consistency of a knowledge base. KB unsatisfiable
— Failure to find a model.
e Class consistency C=.17
— KB U{C(a)} unsatisfiable
e Class inclusion (Subsumption) CCD?
— KB uU{Crm-D(a)} unsatisfiable (a new)
» Class equivalence Cc=D?
— CCDhundDLCC
¢ Class disjointness cnb=1?
— KB U {(C 11 D)(a)} unsatisfiable (a new) Ontology Reasoning
e Class membership C(a)?
— KB U {~C(a)} unsatisfiable
* Instance Retrieval »find all x with C(x)" T B

— Check class membership for all individuals.

WRIGHT STATE KR4SW — Winter 2010 — Pascal Hitzler 8
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Ontology

If you want to know

Reading:

m N. Guarino: "Formal Ontology and Information Systems”

m http:

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

m http:

//www.betaversion.org/ stefano/linotype/news/57/ -

SemWeb for the XML people
m http:

//www.cs.man.ac.uk/ horrocks/ISWC2003/Tutorial/ -

OWL Tutorial from 2003

m http://ontologydesignpatterns.org/wiki/Main_Page -

Ontology Design patterns
Tutorials:

m http://www.co-ode.org/resources/tutorials/
m http://owl.cs.manchester.ac.uk/tutorials/

protegeowltutorial/
Additional resources:

more...

m http://www.co-ode.org/ontologies/
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Ontology

If you want to know more...

Outline

Ontolog
[

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

Ontology Reasoning

The End
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Ontology

OWL pictures used according to license:

m Squeezyboy: Outline
http://www.flickr.com/photos/squeezyboy/154171735/ Ontolo

m One Speckled Frog / Eric Hoffmann:
http://www.flickr.com/photos/speckledfrog

m Larry McQueen - OWLS 1:
http://www.natureartists.com/artists/artist_
artwork.asp?ArtistID=1374&ArtworkID=18081

m Tasshu Rikimara:
http://www.flickr.com/photos/tasshul13/4956888274/ Ontol

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

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

m Gabor Kovacs: http:
//www.flickr.com/photos/21923568QN00/2520990696/

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

The End
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The End

Questions

Outline

Any questions?

Ontology Reasoning
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The End

Thank you

Outline

Thank you for your attention!

http://geist.agh.edu.pl
GEIST Research Group

Ontology Reasoning
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