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Ontology

AIFB )

»People can‘t share knowledge If they do not speak
a common language.”“  [pavenport & Prusak, 1998]

,»An ontology Is an explicit specification of
a conceptualization.”  [Gruber, 1993]

» Ontologies enable a better communication
between Humans/Machines

» Ontologies standardize and formalize the
meaning of words through concepts
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Ontology & Metadata
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Ontology-based Processes

Knowledge

Meta Process
DI

Design, Implementation,
Evolution of Ontology

Usage of Ontology
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9 OTK Methodology: I
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Knowledge Meta Process

= Task: Build ontology based KM applications

= Problems:

- Collaboration between domain experts and
knowledge engineers

- Evaluation of ontologies

= Process-oriented, cyclic

= Pre-defined decisions and outcomes for each step

= Links to further existing methodologies for
substeps
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Knowledge Meta Process "
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SN OTK Methodology:

Knowledge Meta Process

Sufficien Meeats
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? ?

af—
<
m
L
<
Common ! ORSD + :i_l-u ;iTJ_U . Evolved
Semi-formal ontolos antofl ontolo F
Wopﬁsohgefs ontology ol sl ol Human
description Issues
1
easibility\\ Refine- \\ Evalu- \\" g Ahowledge
study Kickoff »» ¢ ation - Management
) Evolution Application
I

= Process-oriented, cyclic

= Pre-defined decisions and outcomes for each step

= Links to further existing methodologies for
substeps

> Ontology Development




Tools -
<
m
LL

- . . . <

OntoKick: Capture Requirements Specification

Mind20nto: Brainstorming

OntoFiller: Documentation & Translation

OntoClean: Formal Ontology Evaluation
SesamePlugin: Storage & Versioning

Kickoff Reflne Evalu- Evolu-
ICKO ment ation tion

> OntoEdit (Infrastructure) >

11”1

Slide 10



Feasibility Study

KM systems only function satisfactorily if they are properly integrated int

the organization

=

O
m
LL
&

Many factors other than technology determine the success of such a

system

(Based on CommonKADS)

= Focus domain for ontology
= |dentify people involved
= GO / No GO decision

Slide 11
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oility /' Feasibility study O
Current State: Skills Management M
<
= Employee data distributed over many systems

= Different schemata for data

= |ncomplete data

Rentenanstalt (+)
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Feasi-
oility /' Feasibility study
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SN OTK Methodology:
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Ontology Kickoff

= Ontology Requirements Specification Document (ORSD)

York Sure, 2005

AIFB C

O XN NN

Domain & Goal
Design guidelines

Avallable knowledge sources .O.
Potential users and user scenarios
Applications supported by the ontolo

= Analyze knowledge sources

» Develop baseline ontology description

Draft version, typically most important concepts and
relations are identified and described as an untyped
graph
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ORS — Ontology Requiremen

af—
Specification m
L
Goal of the ontology: <
o Tracking and analyzing corporate business histories
Domain and Scope:

o Merger & acquisition, restructurings, management changes and other strategic
activities in the chemical industry

Supported Applications:

o Web-based Corporate History Analyzer
Knowledge Sources:

o Research analysts (domain experts)

o Document: c:/mydocuments/superdokument.doc
o URL: http://www.webpage.com

Users and Use Cases:

o Users: Research analysts, strategic consultants
o Use Case 1: Track strategies of specific companies
o Use Case 2: Analyze strategic moves of competitors

Competency Questions:
o Attached Competency Questionnaire
Potentially reusable ontologies:

o not known
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CQ
Nr.

CQ1

CcQ2

CQ3

CQ4

S M\

CQ — Competency Questionn

Competency Question

What are the subsidiaries,
divisions and locations of
company X?

Which companies acquired
company X?

Which companies merged in
1990 in the rubber industry?

Who is CEO of company X?

VAN e 2l it af e a ma- . 7

Concepts

company,
subsidiary,
division,
location

company,
acquisition

company,
merger, year,
industry

CEOQO,
company,

York Sure, 2005
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company has
subsidiary

company has division
company has location

company makes
acquisition
acqusition has buyer
acqusition has seller

company makes
merger

company isPartOf
industry

merger happensin year

company has CEO
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= Ontology workshop to train domain experts in ontology
modelling for
LT

.. Private customer insurance
.. Human Resource Management

= First version of domain ontology by expert
- Manual development of ontology
- Brainstorming (Mind Maps)
- Middle-out approach R

= Result: approx 700 Concepts in about 4 weeks
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Requirement specificatic
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Concepts &Relatinnsl Instancesl Relation axiomsl Disjoint concepts  Requirement Specification | Identiﬂcationl Metadatal

Requirement specification

Domain & Goal

Darmain descriptian
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Medical f Scientific Products & Equipment
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Knowledge Sources

Kick-0Off date
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fo8-01-2001

Deployment |

Completion deadline
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Concepts &Relatinnsl Instancesl Relation axiomsl Disjoint concepts  Requirement Specification | Identiﬂcationl Metadatal

Requirement specification

Design Guidelines

Design instructions

Domain & Goal I - hh:it.e all concepts with capital letters. =

- Write all relations with small letters.

. L - If you are using more than one word for defining a concept or relation

Design Guidelines | - . ’ |
uze an underscore [(e.g. "Power_plant’™)

- If you hawe only one concept as a subconcept, rethink your modelling decision!

Knowledge Sources |

Estimated number of concepts

500 =l

Maximal depth of concept hierarchy

Deplayment | |4 j

Users & Use Cases |

= Back Farward =
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Knowledge Sources O
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Knowledge Sources
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Knowledge Sources
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File Edit Windows Help
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, Competency questions

Concept hierarchy

Q..|+|-|e

= [P Root
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- FeMassen_Konzept

- [ Mathematisches_kKonzept
- [ Racumliches_konzept

- fe Situation

- (P Zaehibares_Konzept

Ll | . .
Eé':’:NEW competency questionnaire

Knowledge Engineer
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Domain Expert Edition Date

|‘1’|:|rk Sure

Match Pattern! |

Claus Boyens 10-7-2001

|4 letters vl [ Activate stemming Reset

Edit Qiuestion Concepts Relations
Gibt ez ein Luxuskhotel in Bostock?
ADD TO LIST —Gluestion List
# Question
CHARGE 1 Giht ez ein Luxushotel in Rostock?
2 Welche tauristizchen Attraktionen giht ez in Schwerin?
3 Yo ist das heste Restaurant inWarneminde?
RENOVE 4 Gibt es eine Surfschule auf Usedom?
4 Giht ez einen weilien Sandstrand auf Rdgen?
IMPORT...

DoME CAMCEL
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, Competency questions

Ll | . .
Ei_t':’:Ni‘.W competency questionnaire

Ancept hierarchy

rEd e Enginear

Domain Expert
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, Competency questions
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, Competency questions
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E’,New competency quqstionnaire
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o Anpartermentanlage

oY Bauernhof

Y camp

o Campingplat

Y Clubanlage
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, Competency questions
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, Competency questions

Cancept hierarchy
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3 New competency questionnaire
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Diarmain Expert Edition Date
|Y|:|rk Sure |Claus Bovens 10-7-2001
Match Pattern! |4 |etters vI [T Activate sternming Reset
~Edit Gluestion Concepts Relations
Gibt es ein | in Rostock? Luxushotel
ADD TO LIST —Question List
#* Guestion
CHARGE 1 Gibt es ein Luxushotel in Rostock?
2 Welche touristischen Attraktionen gibt es in Schwerin?
3 W0 ist das heste Restaurant in Warnemdinde?
REMOVE 4 Gibt es eine Surfschule auf Usedaom?
a Gibt 25 einen weilien Sandstrand auf Rdgen?
IMPORT...

DOME
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Traceability
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Concepts & Relatiohs | Instanceal Relation axinmal Diajuintcnnceptal Hequirementapeciﬁcatiunl Identiﬁcatinnl Metadatal
Concept hierarchy Felations Range
Luzushotel L}.I +| - | & | Adresse Adresse
----- L LT ;| Anzahl_Betten INTEGER
----- (Y Feriendor Haustiere_erlaubt BOOLEAN
----- (Prerienhaus Klassifizierund STRING
----- P rerienwohnung N STRING
""" [;Gasthnf erpflequng STRIMG
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9 Hultureinrichtung in_Gehiet Gebiet
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Kick-
off

Brainstorming, Structuring, Forma

York Sure, 2005

@ swisslife-skim.mmp
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Data Warehouse

Http://swisslife-skim/skills

28.02.2002 -2

Datenbanken und
1+ Datenmanagement

Clarion /4

1
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Swiss Life

Programmier

Entwicklungs
@ Softwareentwicklung SE-Methoder

Fileformate

E Ontology Engineering Workbench OntoEdit ¥2.0
File Edit View Tools Windows Help

oy @l EI !Slt’ .%l%lﬂl Sesameouer\rl
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General Axioms

Disioint concents |
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Concept hierarchy
=- (P Root
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3] gPerson

] Project
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[+ ComputerSystem
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£
[+ DocumentProcessing
o} Language
= gMiddleware
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; CORBA
Citrix
i EJB
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P g\iisiamker
- e Network
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:
Mind20nto
5
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» Task: Collaborative capturing of domain knowledge through
domain experts and modelling experts

= Problem: Collaboration with domain experts who have:
- No experience with modelling
- No time for modelling

Slide 34
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Mind20nto
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: M Datei Bearbeiten Ansicht Einfilgen Format Mulki-Maps Extras Fenster  Hilfe
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Booklet
InBook
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Company staff
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Software
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Consortium

Department

Institute

Project hBnagemernt B
Research Group

University

Special Interest Group
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Mind20nto

York Sure, 2005

di—
ﬂMindManager - [Extended OntoWeb Portal.samp] - |EI|5| U
EQM Datei Bearbeiten Ansicht  Einflgen Format  Mulki-Maps Extras Fensker  Hilfe -8 x E
bed sl 7¥ & L BB 2~ MindManager:
B -a" A& [B]7 u s & Al gtandard software for the creation
x S of electronic MindMaps
IE :.Zmure + Euvent Company staff

ating

. Wiarkzhop Person [ _Academic staff .~

Company staff

Ferson

Academic staff

Frofessor
Assistant Professor

N\ PhD Student I\

Student
Export to OntoEdit
% ;::;:;: + Publication __/ w. P A U 1T /
=T | biosin Advantage: L/
Gy et Intuitive, understandable
g Problem:
$ Hews Semantics of MindMaps
Kl . 1 only vaguely defined
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- -
,OntoEdlt/OntoFlller I
o
<

i-_,!l]ntolugy Engineering Workbench OntoEdit ¥2.5 {inferencing edition} - |EI|5|
File Edit view Tools Windows Help

| tﬁlﬁv"ﬂll !'J||FI| & Il&l Generate ontology | Connect to Sesame|

1. http://btexact.ontoshare/review (C:\home'\MindMapsi0n =10].x]
Concepts & Relations | Instances | Relation axioms | Disinink concepts | General Axioms
Inferencing I Query Todl I Diamain-Lexicon I Analyzer OrtoFiller Identification I Metadata

Show de I en I fr I
% concepks Wissens_und_Informatio. .. [Knowledge_and_Informa... 4.|
) el Content_Matching

- Agents
2l : retadata_Extraction
" documentations Farkals
{* ext. representations Information_Discavery

Searching

Edit docurmentation

e OntoFiller: Support
Persaonalisation

oo Profing for translation and

Conbext_Analysis
Conkent_nderstanding d 1
St ocumentation
M_Cornmerce
| of concepts and
Language tool | Mamespace tool I Translation tool I Show languages [ de [ en

—_— relations in
Ready,

multiple languages
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SN OTK Methodology:

Knowledge Meta Process

Roll-out?

York Sure, 2005

Comimon
KADS
Worksheets

Semi-formal
ontology
description

Target
ontology

Evaluated
ontology

I

ar—
o
(af]
LL
' <
. Evalved
onelogy Human
Issues

pplicatio Knowledge
& Management
Evolution Application

easibility Kick Refine- Evalu-
study Icko ment ation
- " _o"
I
|
I
I
Identify .. 15. Capture
1. Problems & | requirements

opportunities ; Specification in
2. Focus of kM | ORSD
application 6. Create semi-

1
3. (OTK-) Tools; formal ontology

4. People , description

> > Ontology Development

ngineering\
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Fli= :

ment / Refinement O
m
L
<

= Knowledge elicitation with domain experts
- Refine concepts and relations
- Typically axioms are identified

= Formalize

- E.g. F-Logic, DAML+OIL
- Axioms depend on language capabilities

= Develop and refine ontology

Slide 39
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e,
nent » Mind20nto

ment =
L=
28]
=
<

S OntoEdit for Beta Tester

File Edit Miew Tools Windows Help
J :}.lﬁrll E" 'jl{"" 4 ||E| Connect ko Sesamel Generake Dntnlugyl

| check | Q|| & |v 2 BIE=2DB| 6D R] %< |AlO] 8 |<|HE

‘1. http:/,/www.OntoWeb.org/extended (C: home'projects’ontoweb’Extendedn

Inferencina | Analvzer | Wisualizer , Debugger | Clomain-Lexicon | CntoFiller | or

Concepts & Relations I Instances Relation axioms | Cuery Tool | Disjoink concepk
\_oncept hierarchy Felations F.ange
o uthar STRIMG
cConkributor STRIMNG
- DEFALILT_ROOT _COMNCEPT T TR ING
= @ OrtowebPortal &y cCreatar ETRING
.- @Agent () gq rDate STRIMG
[ @ Person cDescripkion STRIMG
L. (@ 5ofbware cFarmat STRING
- @Event g/ cIdentifier STRIMG
..... @ Mews cLanguage STRIMG
- cPublisher STRIMNG
El-- @ Organization cRelation STRING
----- @Project cRights S TRING
.- @Publication CSourcE STRIMG
.- @ Topic cSubject STRING
.- @Methadalogy 1 cTitle STRIMG
... @BusinessScenatio & CType STRING
(¥ Language
.- @ Ontalogy
..... (A EducationalRessaurce & de 40
. @Product oy




Refine-
ment

York Sure, 2005

Mind20nto

L
LA OntoEdit for Beta Tester m
File Edit Miew Tools Windows Help LL
J :}.lﬁr" H” l'jl{'!'" C}E ||E| Conneck ko Sesamel GEnerake Dntnlugyl <_[
| e | ] 218 (][ 2 [BIFEING0OIH[B[ % |x|5(0] 2|2
‘1. http://www.OntoWeb.org/extended (C:. home' projects’ ontoweb' Extendedd
Inferencina | Analvzer | Wisualizer Debugger | Clomain-Lexicon | CnkoFiller | or
Concepts & Relations I Instances \elation axioms | Cuery Tool | Disjoinf conceptk
\_oncept hierarchy RE|EN‘|5 F.ange /
uthar STRIMNG
cConkribNor STRIMNG
- DEFALILT_ROOT _COMNCEPT R r— TR ING
= @ OrtowebPortal &y cCreatar ETRING
.- @Agent () g9 rDate: STRING
[ @ Person cDescripkion STRIMG
L. (@3oftware cFarmat STRIMG
- @Event g/ cIdentifier STRIMG
..... @ Mews cLanguage STRIMG
- cPublisher STRIMNG
[#-- @ Organization —
..... {® Project : E
.- @Publication il bbb J:Ilgerll: H
...@-Tnpic .
i @Methodalogy ¥ E Ferson
- GBusinESSSn:enariD& . :
£ @Language ... (@ 5ofbware
- @ Ontalogy : meen
..... GEducatiDnalRessuurce@, de 41
. @Product oy
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Refine- .
Inferencing

Theoretical Issues

 F-Logic
— Object-oriented

— Deductive Database-
oriented

— Well-founded semantics

O
m
LL
<

Practical Issues

= Namespace mechanism:
Ontologies/Ontology Parts ->
modules

= Switch-off definitions:
- For testing

- For fast executions without
consistency checks

= DB Connectors: map DB tables via
JDBC

= User-definable built-Ins
= Extensive API:

- remotely connect to the
inference engine

- import and export several
standards (e.g., RDF(S))

Slide 42
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Refine? - :
Exploit Inferencing

af—
<
m
LL
o | o - <
»Hook in existing resources with =  Selective axiom applications
inferencing - F-Logic semantics: E.g. type
-Jdbc coercion at concept level
-Rules - Domain specific consistency:
non-cyclic hasPart
=Construct axiom libraries - Axioms for modeling policies
-Temporal reasoning - Debugging

-PartWhole reasoning

)

Contrast: OIlEd
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SN OTK Methodology:

Knowledge Meta Process

o
m
LL
<

Common Target
KADS Semi-formal onfology
Worksheets ontology
description

easibility

study Kickoff

I
I
I
|
I 7. Refine semi-
formal ontology

Identify .. 5. Capture

I
|
|
I
I
1. Problems & : requirements :
I

opportunities ; Specificationin | description
2 F 1 ORSD 18. Formalize into
. Focus of KM Sl G
application :Ei. Create semi- : target ontology
3. (OTK-) Tools | forrna-l c:-ntologylg, Create
, description | Prototype

4. People | |
I [
I [

> > Ontology Development

Evolved
onfology

Human
Issues

Knowledge
Management
Application

ngineering
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Refine-
ment

Evaluation

= Check requirements (ORSD)
- Are all CQs answered?

- Is the ontology within the scope?

= Test in target application
- Analyze usage patterns

= Deploy application(s)

...... -
S0 242282y _ |
ProPer Py

Pror i -
ProP "‘:-'__‘_2*‘" Sesd Lt e i !
.':.‘ llllll PmPer —

L=
m
LL
<
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OntoClean

» Task: Formal evaluation of ontologies

AIFB )

= Well-known methodology:
OntoClean [welty & Guarino, 2001]
- Aims at ,,cleaning* of hierarchies
- Based on philosophical notions
~essence”, ,rigidity”, ,identity”, ,unity” ... etc.

= Implementations: For F-Logic & OWL

Slide 46



= ,Essence®: A property is essential for an individual /7. it
necessarily holds for that individual.

Example: York is necessarily a person.

OntoCIean: Definitions o
m
L
<

= L Rigidity*
- A property is ,rigid“ (+R) /7. it is necessarily essential for
all its individuals.

- A property is ,non-rigid“ (-R) /7. it is not essential for some
of its individuals.

- A property is ,anti-rigid“ (—=R) /7. it is not essential for all its

individuals.
Example: ,,Person” is necessarily an essential property for all its
individuals.
= There exist similar definitions for ,identity* (+I, -1, +0O, -0), ,unity*

(+U, -U, ~U), ,dependency” (+D, -D), ... etc. ...
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OntoClean: Py
o
Classmcatlon & 1deal structure m
..................................... | LL
+D :
! +0 | 41 | +R Type ' <
I -D I
gy R R - H 4 - S
O | +I | +R Quasi-type e
D z
-0 +1 | ~R | +D Material role Jﬁ:
O | +I| ~R | -D Phased sortal
O +1 R D Mixi
- -D 1X1n
O I | +R D Cat
- - = ategory 3
O |-I|~R]|+D Formal Role ]
~R | -D z
-0 -1 R +D Attribution
-D
-1
+0 ~R incoherent
+1 R

See: [Welty & Guarino, 2001]
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L —

Mixins

Quasi-Types

\J

Material

Roles

F

Phased Sortals

See: [Welty & Guarino, 2001]

OntoClean: I
Classification & ideal structure m
Non-sortals Backbone Taxonomy <

/_,, Categories H\.
o Formal
Attributions Roles
Sortals Top Types
Types &

Slide 49
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OntoClean: I
Layering m
<

meta ontology Type Formal Role
¢‘w W'.

Instance of ,+*° **s, Instance of
* .,

Aubclass of

. L

. L4

.

L4

EEEEEEEE

EEEEEEEEEEEEERp

ontology
Agent e D) —| ~R -U
/ Subclass of
—D +O +R +U ms| Person
~
Instance of E

metadata




OntoCIeanPIugin:

Formalisation of meta ontology

1

Concepts & Relations

I Inskances

o
m
LL
<

_oncept hierarchy

= CBDEFALLT_ROOT_CONCEPT
=] @ Property
<. @Mon_Sortal
: ... (@ Category
.. @ Attribution
E . (®Formal_Role
EI (S Role
.. @Farmal_Role
: . (MMaterial_Role
EI {9 Sortal
5 ®MNon_Rigid
[ @#nk_Rigid
L @ Mixin
.- @ Rigid
..... 3 Tvpe
L 0Quasi_Type

. {3 Incoherent

A& +] -

£

Slide 51
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OntoCIeanPIugin:

;
|
2
|

af—
] i <
Formalisation of meta ontology E
<
oncepk hierarchy elations Fange
A& +| -] e|ferr OOLEAN
DEFALLT_ROOT_CONCERT Qﬂﬁn ggtgm
=1 @Property arryl OOLEAN
=} @Mon_3ortal arryMokD OOLEAM
' ..... (¥ Category arryhot] OOLEAN
Uppermost concept ,,Property* of the meta ontology
has attached all relations necessary for classifying
concepts of an ontology
Slide 52
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York Sure, 2005

OntoCleanPlugin: I
Formalisation of axioms m
L
oncepks & Relations | Instances II Relation axioms | Query Tool | Disjoink concepks | Rule Editor
FLogic Axioms FLogic syntax
xioms |
..... _| inverse FORALL B [ check("Error: ",E,” [(~R) can't subsume ",C," [+E]!™)
..... ;I sl:l,lmmetr'“: 3 - |: EKISTS |: |: |:|:: :B
----- || transitive and (B[#antiR->>"true™]
----- € rigidity_subsurmption and C[#carryR->>="trus™]11) 1.
----- €Y unity _subsurnption
----- €Y definition_4_5
..... € definition_&_7 Docurmentations
----- €N definition_4_5_6_7 1 = —
----- €3 check_rigidity_constraink_1 anguage — R
_____ © check_identity_constraint_1 fen An anti-rigid property cannot subs
F_ 1 1 1 _- 1 [l - ) - _J-\. I

= Etc.

= Anti-rigid concepts (~R) cannot have rigid subconcepts (+R)
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. 1
OntoCleanPlugin: I
m
e
<

Cleaning example

=lolx]

File Edt Wew Tools Windows Help
J zhllj""ﬂ“ !'jlﬂ'" * Il‘g Connect ko Sesamel Generate Dntologyl
| check | | ] & v | 2| BBEDD| 0SB R 3| x| 2@ 8 [S[o0]ve| <] Q| &3] 4| @] £u| 53|55 |CF| $

1 http://www.OntoWeb.org/extended {C:\ home' projects'ontoweb’ ExtendedOntoteh: Ailﬂ
Concepts & Relations | Instances Relation axioms | Query Tool | Disjoink concents | Rule Editor | General Axioms
Inferencing Analyzer | Visualizer Debugger | Domain-Lexicon I OnkaFiller OntaClean Identification I Metadata

o | en | +o | |+ | | vo | o | v | " [~ | ~u |+ ]| v |
DEFA.. | | | [ | I o A w I A w I A i N I R
Clean antolagy Onto... |Onko'WebPortal [ [ [ [ [ [
Agent ] ] ] |
Event  [Event O O ~ O
Mews Mews = = = ¥

(Crgani. .. |Organization
Person  |Person
Project  |Project
Fublic... |Publication

Topic Topic
Applic... [Application
Tool Tool

Methn... [Methodology
Eusing. ., |Busingssscen...
Langu... Languages
Cnkalogy (Onkolagy
Educa... |EducationalRe. ..
Confe... |Conference
Exchibit. .. |Exhibition
Lecture  |Lecture
Meeting |Meeting
Warks... [Workshop

Misc Misc

Associ... |Assaciation
Conso... [Consorbium

& en Depar,., |Department
Ertetp... Enkerprise
K de Institute |Institute

Projec... ProjectManag...

e
)0 0 P 0 = = T
=0 0 e e
T T ) e e e e e e = g
)0 R P 0 ) o e = = e = e g e
R
00 P 0 O R = T T

) T P o o o o ) = = = = e
I
)T P o o o ) = e e | e e = = e
0T P o o ) v s e e e e e e e e
LI e 3

e Resea... [ResearchiGroup

i~ it Univer, .. [University LI
[T TP ———"

‘Raady.u ‘lZSD?.Dk free |
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OntoCleanPlugin:
Cleaning example

ey Def.. Being an active b
+D —1 ~R —uy i participant in some event.

L]

—rer| x|

Clean ontclogy L O
Agent Iv] ' ] [V] [ [] ] ] 7] ] ] ]
Event ] rd ] ] rd r r T B
Mews — [Hews ] N ] = O - r o i
(Crgani. .. |Organization v [
Person  |Person ] Il ] ] = O rd i - = i i
Project  |Project ] N ] D ] O r r - = o i
Fublic... IPublication ~ m m ml v i ml i ] t v ui
[onkalogy ] ] | N | O r v - i i -
D +O I- +U EducationalRe...| T O - i v i = — = = o -
—_— IConference ¥ ] O ] ] 0 i r - v = o
E:<hibition ] N D ] | i r i i - i i
Lecture  [Leckure ] v W] ~ | I m| r ] i = -
Meeting |Meeting ] ] ] ] ] 0 r r - = = i
Works. .. [Workshop ] N ] D N O r - r = o -
Misc Misc ] ] | ] N O - r ml = - i
Associ... |Association O O ] ] I | m| - O i = B
(Conso,.. [Consorkium v ] | ~ ] ] ] = - i i v
i+ en Depar... [Department O ] D ] N i - r = o - i
Enterp. .. Enterprise ] v W] T 1~ | m| r O l v -
i~ de Institute |Inskitube [ O ] ] i u r i = = o i
I~ F Projec... ProjectManag... ] | | N ] ] N | r - r =
r Resea... [ResearchGroup | 7 ] O ] N O " r ml = v -

i it Univer ... (University v H] H] 1~ | | m| - ] = v B LI

[T TV —— [l [l [l [l [l = [l [l [l [l [l [l

‘Raady.u ‘lZSD?.Dk free |

Slide 55



. 1)
OntoCleanPlugin:

ai—
i -
Cleaning example E
<
Conceoks & Relations | Instances Relation axioms | Query Tool | Disjoink concepks
Inferencing | Analyzer | YWisualizer Debugger | Diomain-Lexicon | CntoFiller | CntoCle
":"f':i':"""s :l FORALL W W Y L =- check® WY D).
] inverse

S| symmetric

-] transitive

@y rigidity_subsumption
----- ﬂu‘ uniky_subsurmpkion
..... E'J definition_4 S rror: Agent (~R) can't subsume Person [(+R)!
@ definition_&_7
@ definition_4_5_6_7

valuating the oquery FOBALL VW, W,x,¥,2 <- check(V,Il,.

- 2 check_rigidity_constraint_1

»IS James an agent?”

Slide 56
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o
OntoCIeanPIugm.

ai—
i -
Cleaning example E
<
Conceoks & Relations | Instances Relation axioms | Query Tool | Disjoink concepks
Inferencing | Analyzer | YWisualizer Debugger | Diomain-Lexicon | CntoFiller | CntoCle
":"f':i':"""s :l FORALL W W Y L =- check® WY D).
] inverse

S| symmetric
-] transitive
@y rigidity_subsumption
----- EJ uniky_subsurmpkion

..... EJ definition_4 5 rror: Agent [(~R) can't subsume Person |:+R:||
@ definition_&_7

Oy definition_+.5 | parson should not be a subconcept of Agent!
- & ¢ check_rigidity

valuating the oquery FOBALL VW, W,x,¥,2 <- check(V,Il,.

Interpretation: Persons can be agents, but persons
are not necessarily agents.

»IS James an agent?”
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SN OTK Methodology:

O
Knowledge Meta Process "
L
Roll-out? <_E
Common Target Evaluated Evolved
KADS Semi-formal ontology ontology ontology
Worksheets ontology Human
description Issues
|

easibility Refine- Evalu

study ALY ment ation anagement

[
|
|
[ I
I7. Refine semi- 110, Technology-
|

I

I
I
Identify .. 5. Capture I - -

1. Problems & ' requirements formal ontology'  focussed I lgineering
opportunities : specification in | description : evaluation :
2. Focus of KM | ORSD 8. Formalize into 111. User- |
application 6. Create semi- ! target ontology ! focussed I
3. (OTK-) Tools, formal ontology g Create | evaluation |
4. People i description ,  Prototype 112. Ontology- |
‘ ' | I focussed |
\ | ' evaluation '

> > Ontology Development




Worksheet for life cycle aspe

ontology

Who is going to maintain it?
Who is going to pay for it?
What is the resulting quality
(increase, decrease)?

How large are the network
costs (cost of negotiation
grows quadratic with number
of participants)?

What is the expected life time
of the ontology?

How brittle is it with regard to
updates?

= What error types will occur/are

relevant?

York Sure, 2005
o
m
—
<
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WorkSheet for life cycle aspectsof o

metadata

=ala ontology

Faustregel — Kosten:

eHardware 1
eSoftware 10
eDaten 100

af—

<

m

LL
= Co-ordinated change of data <
and metadata?

= Co-ordinated change of
ontology and metadata?

= Cold start (chicken-and-egQ)
problem: A problem? How to
overcome?

= Granularity of metadata
envisaged: classification,
identification of
people/events/relationships/etc.

Slide 60
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Coordination of metadata &

=Match or mismatch between the
two,

-E.g. classification only, but
ontology about transitive
relationships

York Sure, 2005
o
m
—
<
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= False Positive
- Often dominating problem in company internal IR

Tvpe-1 Error

yP O
(]
L.
<

- It can be more costly to learn about all low-price
provider of pens than to just select from a sample
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Tvype-2 Error

yP O
(]
LL
<

False negative: Positive example not detected as such

- Often not critical for information retrieval

,show me bookstores who sell the "CommonKADS"
book*

- Often critical for B2B operations

-whether ~6000 computer’ is mapped to
,IBM RS/6000 SP system’ or to
“HP OmniBook Laptop 6000 is a large difference with
regard to price and performance*

Slide 63
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1. (MOD) Knowledge Modeling: the ability of the knowledge
engineer to model information/write axioms

2. (IMP) Knowledge Implementation/Modeling Language: the
ability of the representation language to accurately represent
axioms

3. (INF) Inference and Reasoning: the ability of the inference
engine to “find the needle in the haystack”

4. (KFL) Knowledge Formation and Learning: the ability of
the system (KB + inference engine) to acquire and merge
knowledge through automated and semi-automated
techniques

5. (SCL) Scalability: the ability of the KB to scale

- http://www.haloproject.com

Slide 64
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Refined Error types 11 (Halo Project g

aa)

L
6. (MGT) Knowledge Management: the ability of the system <
to maintain, track changes, test, organize, document; the

ability of the knowledge engineer to search for knowledge

7. (QMN) Query Management: the ability of the system to
robustly answer queries

8. (ANJ) Answer Justification: the ability of the system to
provide justifications for answers in the correct context and
resolution

9. (QMT) Quality Metrics: the ability of the developers to
determine how “good” the knowledge base is at any given
point in its evolution

10. (MTA) Meta Capabilities: the system's ability to utilize
meta-reasoning or meta-knowledge

Slide 65
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Ontology Evolution: Technical aspects

= Ontology development is necessarily an iterative
and a dynamic process

= Ontologies must be able to evolve for a number of
reasons:

» Application domains and user‘s needs
are changing
» System can be improved

e Developing ontologies is expensive, but evolving
them is even more expensive

Slide 66
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Requirements for ontology evolu

Basic
requirement

Extended
requirements

<

Functional requirement:
» enable the handling of the required changes

» ensure the consistency of the underlying
ontology and all dependent artifacts

Interaction requirement — supports the user
to manage changes more easily

Refinement requirement —offers advice to the
user for continual system refinement

Slide 67
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:
Ontology Evolution Process I
m
L
<

—| Validation

Discovery |—» Representation SIS —| Implementation
of change

H_J\ —— /H_J

Propagation

Core component

Refinement Functional Interaction
requirement requirement requirement
Slide 68
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Semantics
of change Implementation Propagation

Ontology Evolution — change representation

AIFB (

* Elementary changes
> They can not be decomposed into simpler ones
» They heavily depend on the underlying ontology model

MoveConcept = (RemoveSubConcept + AddSubConcept)

« Composite changes
» They are more powerful

» They have coarser granularity
» They have often more meaningful semantics

Slide 69
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Semantics

—» Representation —»  of change —» Implementation —™

Ontology Evolution — change representation

Propagation

AIFB (

Composite change

Description

Move concept

Move a concept from one parent to another.

Merge concepts

Replace several concepts with one and aggregate all
instances.

Extract subconeepts

Split a concept into several subconeepts and distribute
properties among them.

Extract superconcept

Create a common superconcept for a set of unrelated
concepts and transfer common properties to it.

Extract related coneept

Extract related information into a new concept and
relate it to the onginal concept.

Shallow concept copy

Duplicate a concept with all its properties.

Deep concept copy

Recursively apply shallow copy to all subconcepts of a
concept.

Pull up properties Move properties from a subconeept to a superconcept.
Pull down properties Move properties from a superconcept to a subconcept.
Move properties Move properties from one concept to another concept.
Shallow property copy Duplicate a property with same domain and range.

Deep property copy

Recursively apply shallow copy to all subproperties of
a property.

Move Instance

Moves an instance from one concept to another.

Slide 70
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Semantics

—» Representation —»  of change —» Implementation —™

Ontology Evolution — change representation

Propagation —p»

AIFB (

Composite change

Description

Maove comeent

Maove a cancent fram ane narent o annther

Merge coneepts

Replace several concepts with one and ag
mnstances.

eregate all

propertics among them.

Extract superconcept

Create a common superconcept for a set of unrelated

concents and transfer common nronerties to it

Extract related coneept

Extract related mnformation mnto a new concept and

relate it to the origmal concept.

Deep concept ;:opy‘ -

Re:‘.ursivcly applj,; shallow copy to all subconcepts of a
concept.

Pull up properties Move properties from a subconeept to a superconcept.
Pull down properties Move properties from a superconcept to a subconcept.
Move properties Move properties from one concept to another concept.
Shallow property copy Duplicate a property with same domain and range.

Deep property copy

Recursively apply shallow copy to all subproperties of
a property.

Move Instance

Moves an instance from one concept to another.
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Representation Implementation H Propagation

Lf

-
m
Ontology Evolution — semantics of change %
Enables resolution of changes in a systematic manner,
ensuring consistency of the whole ontology
domain
Tim:Person.
domain Tim[ID->711].
Slide 72
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Semantics
Representation of change Implementation Propagation

@
LL
=

Ontology Evolution — change implementation

 After user’s approval all &

a Approve changes [

C h an g es are ap p I I e d to th e Please approve following changes:

1 Remowve 'Student’

O nto | Ogy E|_| Push 'studiesat’ bo children

- Remove 'Student’ From domain of 'studiesAt’

. Add 'Graduate’ to domain of 'studiesat’

L@ Add 'Undergraduate’ ko damain of ‘studiesat’

[=-___] Attach children of 'Student’ to 'Person’

E|_| Attach 'Graduate’ bo 'Person’

E . Remove sub-concept-of between 'Graduate’ and 'Student’
Lo Add sub-concept-of between '"Graduate’ and 'Person’

d S I n Ce It iS n ecessary to EI_| Attach ‘Undergraduate’ o 'Person’

. Remove sub-concept-of betwnleen 'Undergradl_llate' :and 'StLIIdEI'It'
pe rfo rm Seve ral C h an g eS . R;‘;—D:e.?.Sc'l:i;:::oncept—of bebween "Undergraduate’ and 'Person
together, the transaction

server is needed. | EE— E—
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- -
m Evolution Strategies O
2l
L
<

An evolution strategy
unambiguously defines the way
how changes will be resolved

Required : Required and
change J Semantics | derived changes
. ofchange |

T Evolution strategy

4
Person Project ﬁ
Student

Hiwi PhDStudent
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- -
Evolution Strategies 0
m
L

Elementary evolution

strateqgies
Resolution points: _ delete
> how to handle orphaned concepts; - reconnect to the root
» how to handle orphaned properties; - reconnect to the superconcepts

» how to propagate properties to the concept whose parent changes;
» what constitutes a valid domain of a property;
» what constitutes a valid range of a property;

» whether a domain (range) of a property can contain a concept that is
at the same time a subconcept of some other domain (range) concept;

» the allowed shape of the concept hierarchy;
» the allowed shape of the property hierarchy;
> ...

Common policy consisting of a set of elementary evolution

strategies, each giving an answer for one resolution point, is an
evolution strategy




Example

York Sure, 2005

9352

\\-

i FhDStudentBok

has_index

has_name

Baoh
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H=H=H=1
kaon:Root

Example

(*H-H+H=]
FhDStudent

9342

K has_index
[« H=H~]
FhDStudentBob

has_name

List of changes

RemoveSubConcept PhDStudent, Student
AddSubConcept PhDStudent, KAON:Root

Eoh

[*H«H=H=]
PhDStudent

FhDStudentBahb

List of changes

= RemoveSubConcept PhDStudent, Student
has_index. AddSubConcept PhDStudent, KAON:Root
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Advanced evolution strategies
(a8
LL

<
Mechanism to prioritize and arbitrate among different

evolution strategies, relieving the user of choosing them
individually:

- structure-driven strategy

- process-driven strategy

- instance-driven strategy

- frequency-driven strategy

4

Person Project

Student

Hiwi PhDStudent
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Implementation

York Sure, 2005
-

Applications

OlIModeler - Ontology and

KAON Portal and other User

& Services Metadata Engineering Tool Interface Applications and Services
KAON Access Interface
Change Interaction
Discovery Logging

. Evolution Reversibilit Evolution

Middleware Strategy dervices Logg;[ng
KAON API
RDF API KAON RDF Server
Data and

Remote Services

Persistence, Transactions, Security
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B, kAON Workbench

File Edit View Procedures

=181 %]

x| [~[a]

E 0l - file:rC:iMyD nferencije/ EKAW2002 Final EKAWE=ample.kaon

Zoom: [4]

[ ¥]

Search for:

[«HHHl

{=HrHr}
Frofessor

{Ha—7}

Student
FHHaHE
FhDStudent

@ file:C:MyDocuments/Konferencije/EKAW2002Final EKAVWE=ample#Person

Eoh

has_hame
ol [:Ha
PdDStudentBob

has_index

Superconcept

Person (G

hitp:likaon. semanticweb orgf20011 Vikaon-lexical#R oot @ =&

Subconcept:

(@ Person
© ssistant]

@ (G Student
© (@) PhDStudent
(@) Professar

L
Search

] Narne

Clipboard:
[ Narne

Properties From Concept

~Properties To Concept
| Fropery Mame

| Froperty Mame Minirmum Cardinality \ Maximurm Cardinali
@ |has_name | 0| 21474036

® |hﬂp:11kaun sermanticweb.orgr2001 1 1ikaon-lexical#references

i Clear |
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& KAON Workbench

File Edit View Procedures

BREE

ot ~ file:iC:MyD nferenci

& Evolution Strateqy Set-up

Orphaned properties should be...

Orphaned concepts will be...

Zoom: [ 4]

7 | ..deleted,

() .reconnecte

[«HHHl

Teconnected to superconcepts.

() .deleted.
) .reconnected to superproperties.
() ..left as they are.

ited propertis wi

() ..only parent's

“When concept's parent is remaved... :-Dumainrrange of a property...

ill hot be propagated.

d to the concept,

% ..may contain subconcepts of other domainirange concepts,

) ..may not contain subconcepts of other domainirange concepts,

~Properties without any dom

(i ..may exist in the Ol model.

(@ ...should be deleted from the Ol-model.

~Properties without any range concepts..

) ..may exist in the Ol-model.

@ ,..should be deleted from the Ol-madel,

rInstance consistency...

4

@ file:C:MyDocumentsKonferencije EKAW20! @ --should he enforced.

Superconcept

() ..should not be enforced.

hitp:likaon.sen

® ..nothing special should be done.
() ..the shorter path should he removed.

() ..an error should be raised.

~When creating a hierarchy path which already exists...

Properties From Concept

| Froperty Mame | Minirmum Cardinality \
0

Maximum Cardinality

Properties To Concept
| Fropery Mame

@ |has_name 2147403647

® hitp:iikaon semanticweb.orgf2001 M 1kaon-lexical#references

Clear |

T KEILLLS
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& KAON Workbench

File Edit View Procedures

[X]=[~

o - File:/C:MyD nferen
Zoom: [4]
{sHaHeH}

:iC:MyDocuments/onferencije/ EKAY200

Superconcept

hitp:likaon.sen

1 ..deleted.

~Orphaned concepts will be...

(@ ...reconnected to superconcepts.

() ..reconnected to ontology root.

Elementary
evolution
strategies

[ties.

% ..may contain subconcepts of other domainirange concepts,

) ..may not contain subconcepts of other domainirange concepts,

~Properties without any dom
(i ..may exist in the Ol model.

(@ ...should be deleted from the Ol-model.

~Properties without any range concepts...
) ..may exist in the Ol-model.
@ ..should be deleted from the Ol-model,

e

rInstance consistency...
(® ...should be enforced.
() ..should not be enforced.

~When creating a hierarchy path which already exists...
® ..nothing special should be done.
() ..the shorter path should he removed.

() ..an error should be raised.

T T KEILLLS

Properties From Concept
Froperty Mame

Maximum Cardinality

Properties To Concept

Fropery Mame

|
_‘ has_name

| Minimum Gardinality |
0

2147483647

® hitp:iikaon semanticweb.orgf2001 M 1kaon-lexical#references

Clear |
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& KAON Workbench

File Edit View Procedures

[-]~al

~Orphaned concepts will be...

Bo

 filesiC:myD nferen:

Zoom: [ 4]

1 ..deleted.

() ..reconnected to ontology root.

[«HHHl

(@ ...reconnected to superconcepts.

Elementary
evolution
strategies

[ties.

ill hot be propagated.

‘ ‘@ .May contain subconcepts of other domainirange concepts.

& P ﬂ concepts of other domainrange concepts,
~All Changes
@ Delete concept Student. Ange concepts...
@ Remove value Student of property kaonreferences for instance 0:1033038854508-915157117 .
@ Delete instance 0:1033038854508-915157117. odel.
Remove value Kaon:en of property KaoncinLanguage far instance oo 1033038854508-915157117. m the Ol.model.
Remaoave value Student of property kaon:value for instance 0:1033038854508-915157117.
Remove instance 0:1033038854508-915157117 from concept kaon:Label.
Remaove instance 0:1033038854508-915157 117 from concept Kaon:Root.
Remove instance Student from concept kaon:Root. path which already exists...
2 Add concept PhDStudent to the domain of property has_name. ry
Add concept PhDStudent to the domain of property has_index. Id be done.
Supe: @ Remove concept Student from the domain of property has_index. uld be remaved.
Remove value 9352 of property has_index for instance PhDStudentBob.
Remove concept PhDStudent from subconcepts of Student. pised.
Make concept PhDStudent subconcept of Kaon:Root .
Remaove concept Student from subconcepts of Person. ’W
T
Prope t
‘_1_ Apply Changes | | Cancel ]
| 4

Clear |
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& KAON Workbench

File Edit View Procedures

[-]~al

~Orphaned concepts will be...

Bo

 filesiC:myD nferen:

Zoom:

1 ..deleted.

[«HHHl

() ..reconnected to ontology root.

Elementary
evolution

ctratonioc

ies.

) ..reconnec!

|
...prnpeﬂ'fee_-um ; hi |

&EvulutinnDetails - |

~All Changes

@ Delete concept Student.
@ Remove value Student of property kaon:ref :
@ Delete instance 0:1033038854508-915 |
Remove value Kaon:en of property K:
Remaove value Student of property ki
Remave instance o:1033038854500!
Remave instance 0:103303885450(!
Remove instance Student from concept kao
Add concept PhDStudent to the domain af
Add concept PhDStudent to the domain of fo
@ Remove concept Student from the domain ©
Remove value 9352 of praperty has_indt
Remove concept PhDStudent from subcon:
make concept PhDStudent subconcept of ki
Remaove concept Student from subconcepts

(*HeHsHeH]
michange

o:RemaveChan...

F=H=H7]
o RemaoveEntity

o causesChanoe

[« H=]
Remove Studen...

[sHaH«]
[Removevtues |
[<H=H~]

AddSubConcept. . RemoveSubCo...

[cH-H~]
S Add PhDStudent..
Rermove instanc... fesChange

[H=H+]

Add PhDStudent...
[cH=H+]
RemoveSubhCo...

Delete concept ...

ohas_Reference o:date

otime
Student 25/09/02

0243 CEST
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Evolution wrap-up

OntolLogging:

AIFB )

* process-based approach for ontology evolution

 Evolution strategies that enable the customisation of
the ontology evolution process

* Implementation in KAON framework

Ongoing work:
« Evolution between distributed ontologies

» Change discovery
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SN OTK Methodology:

York Sure, 2005

O
Knowledge Meta Process "
L
Roll-out? <_E
Common Target Evaluated Evolved
KADS Semi-formal ontology ontology ontology
Worksheets ontology Human
description Issues
|

easibility Refine- Evalu-

study ALl ment ation

pllcallo Knowledge
Management
Evolullon Application

Identify .. 5. Capture - -
1. Problems & ' requirements formal ontology'  focussed ' ontology lgineering
opportunities : specification in | description : evaluation | 14. Manage
2. Focus of KM | ORSD 8. Formalize into 111. User- | evolution and
application  '6. Create semi- ! target ontology : focussed : maintenance
3. (OTK-) Tools, formal ontology g Create | evaluation |
4. People | description | Prototype 112. Ontology- 1
' ' I focussed |
: : I gvaluation !

I I
7. Refine semi- 110. Technology- 1 13. Apply

> > Ontology Development
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Conclusions on
Knowledge Meta Process
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:
Experiences

P O
(]
L.
<

from OTK Case Studies

= Guidelines for domain experts from industry have to be
pragmatic

1. Train the user about ontologies
2. Show the concrete advantage of the KMS

3. Model precisely — but allow for imprecise views (most users
cannot distinguish classes vs instances or isa vs partOf)

e Plan for Maintenance
e Avoid/Reduce chicken-and-egg problem
1. Plan fur content that makes KMS interesting

2. Show quick win

= Collaborative ontology engineering requires sophisticated tool
support and physical presence

= Brainstorming is a valuable add-on during the early stages of
ontology engineering
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Knowledge Process

a—
o
(af]
Documents L
Metadata <
Apply
Summarize
Analyze
Creation
Retrieval Ontology
V4
Search Access ‘ ’
Query Capture
Inferencing
Generate Views
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OTK Case Study @ BT
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Users Portal

a—
o)
(]
LL
e <
OntoShare
OntoExtract
— - g OntoW'rapper
Sesame Caphire
OMM

BOR

QuizRDF

Spectacle
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ON, odg° -
e, OTK Architecture I
28]
L
<

»  QuizRDF
1
RQL OntoShare W
Spectacle M
r “—r[ OntoEdit =

OIL-Core,
[ OMM |« » BOR |

i

| Sesame |

C OIL-Core ontology repository ( )

Annotated Data Reposito
RDF C O R F
—’, —*
Qers0D—or PCBED parls dzpor P ear)

L 4
[ OntoWrapper ] [ OntoExtract }
Data

Repository Eﬁé@%ﬁ
(external) ot
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e OTK Architecture

=
a8
LL
<
»  QuizRDF
RQL OntoShare
Spectacle
| . =
OlL-Core} .}_H OntoEdit , |
[ oMM |« ")}:}l"} '
| Sesame |
C OIL-Core ontology repositol OTK Meth0d0|ogy
Annotated Data Reposito
RDF R
ﬁ
3

[ OntoWrapper |

Data
Repository
(external)
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