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Ontology (a
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Intelligent Systems . L
9 y »People can‘t share knowledge if they do not speak <
On the World Wlde Web a common Ianguage.“ [Davenport & Prusak, 1998]
Ontology Lifecycle
o ,An ontology is an explicit specification of
a conceptualization.”  [Gruber, 1993]
CD Steffen Staab
LL Institute AIFB, Universitat Karlsruhe (TH)
— > Ontologies enable a better communication
< Acknowledgements to York Sure 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
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Design, Implementation,
Evolution of Ontology
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S OTK Methodology:
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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S OTK Methodology:

Knowledge Meta Process
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= Process-oriented, cyclic Eygineering
= Pre-defined decisions and outcomes for each step
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Tools

AIFB O

* OntoKick: Capture Requirements Specification
— Mind20nto: Brainstorming
—= OntoFiller: Documentation & Translation
—= OntoClean: Formal Ontology Evaluation
I—- SesamePlugin: Storage & Versioning

Refine- Evalu Evolu-
ment ation tion

. .. . -€ &5
= Links to further existing methodologies for y
substeps
.p T , > Ontology Developmem
Ontology Development
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Feas: .
Tools o vilty / Feasibility Study O
m m
= ==
) ) o < = KM systems only function satisfactorily if they are properly integrated intsC
— OntoKick: Capture Requirements Specification the organization
—= Mind20nto: Brainstorming
—= OntoFiller: Documentation & Translation = Many factors other than technology determine the success of such a
—e  OntoClean: Formal Ontology Evaluation system
SesamePlugin: Storage & Versioning
|_. = (Based on CommonKADS)

Refine- Evalu Evolu-
ment ation tion

€ AN

> OntoEdit (I nfrastrucm

Slide 11

= Focus domain for ontology
= |dentify people involved
= GO / No GO decision
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Feasi-
bility / Feasibility study

Current State: Skills Management

AIFB O

= Employee data distributed over many systems
= Different schemata for data

= Incomplete data

Hentenanstalt '+
SwissLife (+]

Slide 13

Steffen Staab, 2004

Feasi-
bility / Feasibility study

Intended state: Skills Management

AIFB O
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Evaluated Evolved
onfology ontology Human
Issues,

S OTK Methodology:

Knowledge Meta Process
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Worksheets ontology
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AIFB O

[
Refine- \\Evalu- \@pPlication, ~ Knowledge
ment ation & Management
; Evolution/ Application

Identify ..

1. Problems &
opportunities

2. Focus of KM
application

3. (OTK-) Tools
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_ Ontology Development .
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Ontology Kickoff

= Ontology Requirements Specification Document (ORSD)

AIFB O

Domain & Goal
Design guidelines

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

O XN DNK

= Analyze knowledge sources

= Develop baseline ontology description

relations are identified and described as an untyped
graph

Draft version, typically most important concepts and .
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ORS — Ontology Require CQ — Competency Questi

Specification m o
LL LL
Goal of the ontology: < cQ Competency Question Concepts Relation <
. Tracking and analyzing corporate business histories Nr.
Domain and Scope:
. Merger & acquisition, restructurings, management changes and other strategic CQ1 What are the subsidiaries, company, company has
activities in the chemical industry divisions and locations of subsidiary, subsidiary
Supported Applications: company X? division, company has division
. Web-based Corporate History Analyzer location company has location
Knowledge Sources:
e Research analysts (domain experts) CQ2 Which companies acquired company, company makes
e Document: c:/mydocuments/superdokument.doc company X? acquisition acquisition
. URL: http://www.webpage.com acqus!t!on has buyer
Users and Use Cases: acqusition has seller
. Users: Research analysts, strategic consultants
. Use Case 1: Track strategies of specific companies CQ3 Which companies merged in company, company makes
. Use Case 2: Analyze strategic moves of competitors 1990 in the rubber industry? merger, year, merger
Competency Questions: industr isPartOf
. Attached Competency Questionnaire
Potentially reusable ontologies:
e notknown CQ4 Who is CEO of company X? CEO,
company,
Slide 17 Slide 18

il ﬂ » ReqUirerE Speciﬁcaﬁﬂ

m m
LL LL
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 _

Result: approx 700 Concepts in abo

Slide 19 Slide 20




Requirement specification o
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5% New Ontology 19 [=

Concepts &Relatians' Instances' Relation axiams' Disjoint concepts  Requirement Specification | Idemiﬁcatiun' Metadata'

7xun

Domain & Goal

Domain description

Food/ Food Processing

[Bormzin & Goal
Hotel & Restaurant Equipment

Industrial Equinment, Services & Supplies

Design Guidelines Infarmation Technalogy ! Robatics f Telecommunications

Materials

Medical f Scientific Products & Equipment
Knowledge Sources Mining, Oil & Gas
Users & Use Cases Kick Off date

[oz-01-2001
Deployment

Completion deadline

[12-31-200

= Back Forward =

Requirement specification

&% New Ontol gy
Concepts &Relatians' Instances' Relation axiams' Disjoint concepts  Requiremnent Specification | Idemiﬁcatiun' Metadata'

Design Guidelines

Deszign instructions

Dormain & Goal - irite all concepts with capital letters. |

- Write all relations with small letters.

- If you are using wore than one word for defining a concept or relation,
Design Guideliies . . -
use an underscore (e.g. “Power_plant™)
- If you have only one concept as a subconcept, rethink your modelling decision!
Knowledge Sources
Estimated number of concepts
Users & Use Cases IEDD ;I

Maximal depth of concept hierarchy

Deployrment |4 LI

< Back Forward =

Knowledge Sources

File Edit Windows Help

AIFB o

BT

Concepts & Relations | Instances | Relation avioms | Disjoint cancepts | Identification  Reguirement Specification | Avout. |

Knowledge Sources

Source List
Domain & Goal | Source Type Status
CQ ClaucBomonc £ o4 o001 Competency Questionnaire NEW SOURCE
Dol oLlde] univel X ontology MNEW SOURCE
sl R s wordl ~Sourcetype—————————— | [wiord Document NEW SOURCE
Bl o pnmpetemyquestmnnalré HML Document NEW SOURCE
rdDa | i RODF Docurment MNEW SOURCE
textDe  File (OXML, HTML, 3L, DOC, TXT) Text Document NEW SOURCE

Users & Use Cases
K Cancel
Deployment [ ADD.. | [ EDIT ][ DELETE ANALYZE |

e = Back Forward =
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File Edit Windows Help
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#® General General Preferences
[Tool selection
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OHML-Files
Source List HTML-Files HTML-Tool -
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el Bl unive A
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Word-Documents Test Tool =
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0K ! Text Document Text Toal hd

textDe | File (OXML, HTML, X
Deployment ADC
Cancel
e < Back Forward =
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Knowledge Sources

File Edit Windows Help
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=¥ mmatetielles
PMassen_Konzept

- (@ Racumliches_Konzept

- situation

(P Zachibares_Konzept

-[PMathematisches_Konzept

, Competency questions

S(effen Staal 04

CHANGE |
REMOWE |
IMPORT...

Knowledge Engineer Domain Expert Edition Date
[rark Sure [claus Boyens [10-7-2001
Match Pattern! 4 letiers | = [ Activate stemming Reset
Edit Question Caoncept Relation
Gibt es ein Luxushotel in Rostock?
ADD TO LIST | Question List
# Question

wiglche toutistischen Aftraktionen gibt es in Schwerin?

Wio ist das beste Restaurant in Warneminde?

1
2
3
1
i}

Gibt es eine Surfschule auf Usedam?

Gibt es einenweifen Sandstrand auf Rigen?

DORE | CANCEL
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Competency questions

[&3 vew competency questionnaire

Cancept hierarchy oTIEdge Enginger

Domain Expert

Steffen Staab, 2004

AlIFB 6

Editio
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Match Pattern! |
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Relations

\/

D TOLIST |
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N
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Welche touristischen Attrakiionen gibt es in Schwerin?
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EIESEISy —

Gibt es sinen weiRen Sandstrand auf Rigen?

DOME | CAMCEL
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, Competency questions

Cancept hierarchy
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[&&3 vew competency quiestionnaire
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Edition T3
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Match Pattern! |

q

dit Guestion
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Addlas concept
Addz -
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Flug_und_Hatel o7
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Hotel

DOMNE CAMCEL
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, Competency questions

CAncept hierarchy

ge Engineer
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Domain Expert

Edition
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..... W pparternent

..... W Appartementaniage
Y Bauemhof

..... Pcamn

..... S Campingplat

..... (A clubanlage
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..... [P rerienhaus
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pro > [ Activate stemming
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Slide 29

O ere Q O
CAncept hierarchy
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, Competency questions

Oe Engineer
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Competency questions
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g

4 New competency questionnaire il
Concept hierarchy knowledge Enginger Domain Expert Edition Date
2 ¢ || frorksure [claus Bayens fro-7-za01
s
P Hafen
P kindergarten
[P reiseveranstalter Match Fattern! 4 letters ~ [ Activate stemming Reset |
TP Unterkuntt
- [ Anparternent Edit Question Concepts Relations
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EBZEethT e Gibt es ein | in Bostock? Luxushotel
Y camp
- [P Campingplatz
Y Clubanlage —
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[@reriennaus Question List
Y Ferienwohnung ADDTOLIST
Y Gasthot * Question
- (e Hotel CHANGE !
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fuittelklassehotel REMOVE 3 Woistdas heste Restaurantin Warneminde?
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Traceability

&8 New Ontology
Concepts & Relations | Instancesl Relation axiomsl Digjoint cunceptsl RequwrememSpeciﬂcalionI \demiﬂcalionl Metadalal
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Concept hierarchy
Luxushotel

EYEIEI

Relations
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Y Luxushntal g
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|»

B

Range
ihdresse
INTEGER
BOOLEAN
STRIMG
STRING
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Gualitatives Zeitkonzept
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Gehiet
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Hichtprivate Ausstattung der Unterkuntt
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, Traceability
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Mind20nto

o ﬂ indManager - [Extended OntoWeb Portal.mmp] =3l x| o
E S M Datel Bearbeiten Ansicht Enfilgen Farmat Muki-Maps Extras Fenster Hilfe -5 X E
»= Task: Collaborative capturing of domain knowledge through < DS &0 F% # 2R ve @@ - P W2oh <
domain experts and modelling experts ¢ il oA BlrumiE A-S-@-G -T2
*® Exhibition =
= Company statf
= Problem: Collaboration with domain experts who have: U S
- No experience with modelling j‘:
- No time for modelling @ B 4 product
g Toal - —
] OntoWeb Portal | Project
¢ Aticle
? Book BRI Assosiation
Consortium
é InBook Department
ollection Enterprise
® ce”ed?ngs + Publication Organization -
htznual Project hianagement B
ET |iication Fezearch Group
oy |eeedings
=
4
’ $ || o
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-
Mind20nto

#dMindManager - [Extended OntoWeb Portal.mmp] =10l x|
Datei Bearbeiten Ansicht Einfligen Format  Mulki-Maps Extras Fenster Hilfe -0 X E
DR sl 7¥ # & 58 2~ MindManager:
rial -a" & [B|7 U s & A Standard software for the creation
% e of electronic MindMaps
Company statt
Company staff
Professor

Academic staff " Assistant Professor
“_PhD Student l\

Person

Student
Export to OntoEdit

% p— + Publication Organizats F G T 1

= Advantage:

& Intuitive, understandable
g Problem:

Py Hews Semantics of MindMaps

e | only vaguely defined
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, OntoEdit/OntoFiller

L8 Ontology Engineering Workbench DntoEdit ¥2.5 (inferencing edition)
File Edit View Tools Windows Help

AIFB O

| Al B = e s [2 (8] senerste ontology | connect to Sssame|

. http://btexact.ontosharereview {C:ihome MindMaps e =101 x|

Concepts & Relstions | Instances |  Relationaxioms |  Disicintconcepts | General Axioms
Inferencing | QueryTool | Doman-lexicon | Analyzer — OntoFiler | Identfication | Metadata

Show I_ & en r
(% concepts (Wissens_und_Informatio... Knowledge_and_Informa... A
~ relations Content_Matching
Agents
fle Metadata_Extraction
(" documentations Portals
(5 ext, rapresentations Information_Discovery
Edit documentation Searching
Browsing

OntoFiller: Support

Personalisation

ety for translation and
[ — documentation

of concepts and
Languagetool | Mamespavetool | Translation tool | Show languages ¥ de [ en

e ————— relations in
Ready.

- multiple languages I
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S OTK Methodology:

Knowledge Meta Process

Sufficien
requirement
?

Rollout? >
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. AIFB O

[ [
Common ORSD + Target Evaluated Evolved
KADS Semi-formal onfology ontology ontology
Worksheets ontology Human

descriptio Issues,

easibility Refine- \\\ Evalu- pp"“;““ Knowledge
study Kicko ment aon )0 & Management
, volution /" Application
1
i
1
Identify .. 15. Capture

1. Problems & ' requirements
opportunities | specification in

2. Foous of kM | ORSD
application 6. Create semi-

3. (OTK-) Tools, formal ontology
, description
4. People i

Ontology Development

Refine: _
ment / Refinement

AIFB O

= 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
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Theoretical Issues foronci 9 _ pp
) Interencing - F-Logic semantics: E.g. type
* Namespace mechanism: -Jdbc coercion at concept level
Ontologies/Ontology Parts -> . . .
° F_Logic modules -Rules - Domain SDECIfIC consistency:
. . = Switch-off definitions: non-cyclic hasPart
— Object-oriented - For testin o . . -
. 9 _ =Construct axiom libraries - Axioms for modeling policies
— Deductive Database- - For fast executions without | . - Debugging
oriented consistency checks -Temporal reasoning
. = DB Connectors: map DB tables via -PartWhole reasoning
— Well-founded semantics JDBC
= User-definable built-Ins
= Extensive API:
- remotely connect to the
inference engine ﬁ
Contrast: OIlEd
Slide 43 Slide 44
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S OTK Methodology:

Knowledge Meta Process

Stufficien;
requirement
?
r

I\ [
Common ORSD +
KADS Semi-formal

Worksheels

Evolved
ontology

i

. AIFB O

Human
Issues,

ontology

easibility Knowledge
study Rickon Management
Application
1 ]
1 I
1 I
- : oftware
Identify .. 15. Capture 17. Refine semi- {
1. Problems & | requirements | formal ontology ngineering
opportunities : specification in : description
2. Focus of KM ! ORSD . 18. Formalize into
application :6. Create semi- | target ontology
3. (OTK-) Tools | form all cAnchIogylg‘ Create
4. People description | Prototype

_Ontology Development

Steffen Staab, 2004

Refine- B
ment / Evaluation

= Check requirements (ORSD)
- Are all CQs answered?
- Is the ontology within the scope?

AIFB O

= Test in target application
- Analyze usage patterns

= Deploy application(s)

= | slide 46

Steffen Staab, 2004

OntoClean

= Task: Formal evaluation of ontologies

AIFB O

= 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 47

OntoCIean. Definitions

= Essence*: A property is essential for an individual /#. it
necessarily holds for that individual.

Example: York is necessarily a person.

AIFB O

= L Rigidity*
- A property is ,rigid“ (+R) /ff. it is necessarily essential for
all its individuals.
- A property is ,non-rigid“ (-R) /. it is not essential for some
of its individuals.
- A property is ,anti-rigid* (~R) /. 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. ...




OntoClean:

Classification & ideal structure
I

Steffen Staab, 2004

AIFB O

]
OntoClean:

Classification & ideal structure

AIFB O

| +0 | 1 | +r L2 Type i Non-sortals Backbone Taxonomy
. 5 A X
| |
“t---t--4 -4 - === == - )
-0 | +1 | 4R - Quasi-type - - ,.‘ Categories }H —
O | H | ~R[+D Material role } = -‘;;mnal
O |+ |~R| -D Phased sortal Attributions Roles
-0 +1 | “R +Il; Mixin ¢
0| a1 |+Rr +II: Category = Sortals Top Types
- | -
O [ -1[~R]|+D Formal Role Z Types &
~R | -D 3 T Quasi-Types T
-0 | - +D Attribution = =
-R .. Material
-D Mixins Rol
-1 oles
+0 [ ~R incoherent
R l Phased Sortals ]
See: Ity & Guarino, 2001 See: Ity & Guarino, 2001
ee: [Welty uarino, 2001] Slide 49 ee: [Welty uarino, 2001] Slide 50
OntoClean: O OntoCleanPlugin: O
Layering @ Formalisation of meta ontology @
< * Concepts &Relations | Instances | <
meta ontology [ Type | [ Formairole | 1 _
IZoncepk hierarchy
R Y. -
Instance 01:“" "~,.I nstance of L&+ -|e
“"‘ '~.,. .- (9 DEFALLT_ROOT_CONCEFT
: i. - @Property
A . 5} @Hon_Sortal
E E L. @Categary
ontology : Subclass of . . @Attribution
E Agent hesssd 1P _ i...@Formal_Role
. 9 +D—-I~R-U - @Role
. Subclass of (@& Formal_Role
—D +O +R +U [=s| Person ‘... @Material_Role
= @ Sortal
Instance of = &= @Mon_Rigid
. " f- ®Anti_Rigd
C L @Mixin
metadata 4 @Figi _
;.....@Type
L. @ CQuasi_Tvpe i
..... (@ Incoherent Slide 52




-
OntoCleanPlugin:
Formalisation of meta ontology

AIFB O

-
OntoCleanPlugin:

Formalisation of axioms

[5=Ym

IConcept hierarchy F.elations F.ange
(ST [P (R A BOOLEAN
ankill ECOLEAN
-G DEFAULT _ROOT_COMCERT arryD EO0LEAN
2 - @Froperty arryl BOCLEAN
=}~ @MNon_Sortal rarryhlotD BOCLEAN
I ..... (B Category carry Mokl ECCLEAN

Uppermost concept ,,Property* of the meta ontology
has attached all relations necessary for classifying

concepts of an ontology

Slide 53

Concepts & Relations | Instances I Relation axioms | Query Tool | Disjoint concepts | Rule Editar
Flogic Axioms FLogic syntax
Aioms 1=
..... _| inverse FORALL B | check("Error: ",B,” (~R) can't subsume ",C," (+R]!"]
..... ] symmekric 3 <- [ EXISTS C((C::E
..... (] transitive and (B[#antiR-»>"true™]
----- 0 rigidity _subsurnption and C[#carryR-=="true"]11) .

----- Y unity_subsumption
----- ) definition_4_5

..... € defirition_5_7 Documentations
----- Y definition_4_5_6_7 1
----- €Y check_rigidity_constraint_1 LEEERL | S Dacument ati
_____ © check u:Ientlty constraint_1 &n |An anti-rigid property cannot subs

-~ o

. Anti-rigid concepts (~R) cannot have rigid subconcepts (+R)
= Etc.

-0
OntoCleanPlugin:

Cleaning example

A 1|‘|r>l-'(¢f For Deta Tester 2
Fio £ vew ok Wt

ﬁI_I_I_I:I *“lIMM

c«muuuml Hmwlwholl mml?mwl m¢m|
melw»lmﬂ« ety | temsiemen | orestler serbnsin |

] - o|1||r].olalu|n|~a|w[«,|‘,—|—
OLFA... r r r r r r r r | ml r s
- s pme L LE L E e N a a

'I?'I_|_|TI._|_|?'I_|._|._|._|_|_|"I_|_|TI_|_|"I._|“'I“'I_|_|"I._|.
1 _|._|._|.TI_| A _|._|._|._| a7 _|._|._|._| aa _|._|._|._| k! _|._|. T
1 j.j._|._|_| - j.j._|._| a7 j.j._l.l'l Ll | l\.j.ﬂ.j a7 j‘n‘
1 _|._|._|._|_| T _|._|._|._| an _|._|._|._| ana _|._|._|._| ana _|._|.
1 _|._|._\|.TI_| A _|._|._|._| aa _|.T|._|.TI aa _|._|._|.TI a7 _|.T|.
1 _|._|._|._|_| a _|._|._|._| a7 _|._|._|._| aa _|._|._|._| A _|._|. T
1A aaaaaaann
im _|._|._|._|_| a _|._|._|._| ana _|._|.TI._| ana _|._|._|._| ana _|."I.
1 _|._|._|._|_| - _|._|._|._| A _|._|._I._| A _|._|._I.1'I A _|._|.
1 _|._|._|._|_| A _|._|._|._| a7 TI._|._|._| aa _|._|._|._| aa _|.T|.

=1 IEVIC i 4 e e
? B e e |
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-1
OntoCleanPlugin:

Cleaning example

= Def.: Being an active
participant in some event.

AIFB O

Person  |Person
‘—D +0 +R +u ;,;5

Cectirs_ Lactuns

_|
s
N

ety bnstn
erks... Workdhep

aseoa... hssocaton

'I?'I_|_|.TI._|_|§'I_|._|_|_|_|_|"I_|_|7
1 _|. _|._|.TI a7 _|. _|._|._| a7 _|. _|._|.'
1 j‘ j._|._| | j‘ j._|._| a7 j‘ j“l‘i
1 _|. _|._|._| a7 _|. _|._|._| an _|. _|._|.'
1 _|. _|._\|.TI a7 _|. _|._|._| aa _|. T|._|.1
1 _|. _|._|._| a7 _|. _|._|._| a7 _|. _|._|.'
1A
im _|. _|._|._| ik _|. _|._|._| ana _|. _|.TI.'
1 _|. _|._|._| a7 _|. _|._|._| A _|. _|._I.'
1 _|. _|._|._| a7 _|. _|._|._| a7 TI. _|._|.'

=1 IRV i e e e e
? B e
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OntoCleanPlugin:

Cleaning example

AIFB O

Concents & Relations | Instances Relation axioms | Query Tool | Disjoink concepts
Inferencing Analyzer | Visualizer Debugger | Darain-Lexicon | OntoFiller | OnkaCle
fdoms A1 [FORALL WYY Z <= chackid Wi Z).
----- | |inverse

----- ] symmetric

----- ] transitive

----- QJ rigidity_subsumption
----- tb,,- unity _subsunnpkion
..... QJ definition_4_5 Error: Agent (~R) can't subsume Ferson (+R)!
----- @ definition_s_7

----- @ definition_4_5_6_7

Evaluating the cuery FORALL ¥ W, X, ¥,Z2 <- check(V, W,

----- QJ check_rigidity_conskraint_1

Slide 57

,»1S York an agent?“

-
OntoCleanPlugin:

Cleaning example

AIFB O

Conceots & Relations | Instances Relation axioms | Query Tool | Disjoink concepks
Inferencing Analyzer | Visualizer Debugger | Darmain-Lexicon | OntaFiller | OnkaCle
fdoms A1 |FORALL WYY Z < chackid Wi Z).
----- | |inverse

----- ] symmetric

----- ] transitive

----- QJ rigidity_subsumption
----- tb,,- unity _subsumpkion
..... 0.,‘ definition_4_5 rror: Agent (~R) can't subsume Ferson [+le
----- D definition_s_7 1

..... g + definiien_ 5] parson should not be a subconcept of Agent!
..... /4 check_rigidity_

Evaluating the cuery FORALL ¥ W, X, ¥,Z2 <- check(V, W,

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

IS York an agent?*

Slide 58
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S0 OTK Methodology:

Knowledge Meta Process

Sufficien
?
: Common ) \M
KADS Semi-formal oniolo;

Worksheets fom';; d Human
Issues

Knowledge

easibility\\ peiyopr N Refine: 9 .

study ment anagemen

Application

1 ]

1 I

1 I
1 I 1

Identify .. 15. Capture 17. Refine semi- 110. Technology-

1. Problems & ' requirements | formal ontology' focussed

I
I
1
I
opportunities | specification in ; description , evaluation ;
2. Focus of KM | ORSD 18. Formalize into 111. User- I
application 6. Create semi- | targetontology !  focussed I
3. (OTK:) Tools| formal ontology|o. Create ! evaluation !
4. People | description ; Prototype 112. Ontology-
) L | I focussed !
: : : evaluation !

Ontology Development

ontology

= What error types will occur/are
relevant?

Worksheet for life cycle as
m
L
<

= 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?

Slide 60




Worksheet for life cycle a

metadata
=ala ontology = Co-ordinated change of data
and metadata?

= Co-ordinated change of
ontology and metadata?

@
=
<

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

= Granularity of metadata
envisaged: classification,

*Hardware 1 identification of
people/events/relationships/etc.
*Software 10

Slide 61

Faustregel — Kosten:

Coordination of metadata

=Match or mismatch between the
two,
-E.g. classification only, but
ontology about transitive
relationships

m
=
<

Slide 62

Type-1 Error

= False Positive
- Often dominating problem in company internal IR

AFB!

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

Slide 63

Type-2 Error —

= False negative: Positive example not detected as such

AIFB

- 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 64




Refined Error types (Halo p

m
LL

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

Slide 65

Refined Error types |1 (Hal

m
=
<

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—knowledg_

Slide 66

Ontology Evolution: Techni

m
LL
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

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

Slide 67

Requirements for ontology eVeITBRmE

AIFB O

* Functional requirement:
B_asic » enable the handling of the required changes
requirement > ensure the consistency of the underlying
ontology and all dependent artifacts

 Interaction requirement — supports the user
to manage changes more easily
Extended

requirements , , :
i » Refinement requirement —offers advice to the

= SySte&

Slide 68
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Ontology Evolution Process

Discovery |—»| [Representation]—o[ ifcmhaanntgs }—»[Implememaﬁon} Propagation } — Validation
1
1
I Core component
1

\ﬂ_l\ —— /H_I

AIFB O

Semantics

i)

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

Refinement Functional Interaction > Thev h lari
requirement requirement irement > They have coarser granularity
» They have often more meaningful semantics
Slide 69 Slide 70
Semantics Semantics
*  ofchange % Imp ion —# Propagation —» *  ofchange % Imp ion —» Propagation —»
- -
. 2 . 2
Ontology Evolution - change representation 2 Ontology Evolution - change representation 2
Composite change Description ‘ Composite change Description |
Move concept Move a concept from one parent to another. | Move concent Wlowe n concent fonm ane narent fo another |
Merge concepts Beplace several concepts with one and aggregate all Merge concepts Replace several concepts with one and aggregate all
instanees. ,
Exiract subconcepts Split a concept into several subconcepts and distribute mstances.
properiics among them. properiies among them.
Extract superconcept Create a common superconcept for a set of unrelated Extract superconcept Create a common superconcept for a set of unrelated
concepts and transfer common properties to it. concents and trancfor comman neanerties to it
Extract related concept Extract related information into a new concept and Extract related concept Extract related information into a new concept and
relate it to the original coneept. : P
Shallow concept copy Duplicate a concept with all its properties. E— rel‘ate it to the Aongmal CO.HCFpt.
Deep concept copy Recursively apply shallow copy to all subconcepts of a Deep concept copy Recursively apply shallow copy to all subconcepts of a
concept. concept.
Pull up properties Move properties from a subconcept to a superconcept. Pull up properties Move properties from a subconcept to a superconcept.
Pull down properties Move properties from a superconcept to a subconcept. Pull down properties Move properties from a superconcept to a subconcept.
Move propertics Move properties from one concept to another concept. Move properties Move properties from one concept to another concept.
Shallow property copy Duplicate a property with same domam and range. Shallow property copy Duplicate a property with same domam and range.
Deep property copy Recursively apply shallow copy to all subproperties of Deep property copy Recursively apply shallow copy to all subproperties of
a property. a property.
Move Instance Moves an instance from one concept to another. Move Instance Moves an instance from one concept to another.
Slide 71 Slide 72

*  ofchange % Imp ion —% Propagation —»




» Representation .. tmnl P > P

Ontology Evolution — semantics of change

AIFB (

* Enables resolution of changes in a systematic manner,
ensuring consistency of the whole ontology

Tim:Person.
Tim[ID->711].

domain

Slide 73

Semantics .
» Representation —*  of change Propagation —»

-
&
Ontology Evolution - change implementation b
! -
* After user’s approval all xd
C h an g eS are ap pl ied to th e Please approve following changes:
(] R:enmva 'Student'
ontology ye= e
Lo Add 'Graduate’ ko domain of ‘studiesat’
.. Add 'Undergraduate' to domain of ‘studiesat’
[=1- ] Attach children of 'Student’ to 'Person’
[=1-__] Attach ‘Graduate’ to 'Person’
i s Remowe sub-concept-of between 'Graduate’ and ‘Student’
. . . i o Add sub-concept-of between 'Graduate’ and 'Person’
e Since it is nece ssary to (597 Attach Undergraduate’ to Person’
- Remove sub-concept-of between ‘Underaraduate’ and 'Student’
pe rfo rm Seve ral Ch an g es Lo Rémn:e l‘ﬂsdt:ds::t—‘(nniept—nf between 'Undergraduate’ and 'Person
together, the transaction
server is needed. ool chrges | _concel|
Slide 74

Steffen Staab, 2004

Evolution Strategies

AIFB O

Required Required and An evolution Strategy

change Semantics derived changes i ¢
—9—» unambiguously defines the way

how changes will be resolved

Evolution strategy

Person Project ﬁ
Student
Hiwi PhDStudent

Slide 75

om
LL

Evolution Strategies

Elementary evolution

strateqies
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




Steffen Staab, 2004

AIFB O

9352
has_index
T EHEHE
PhDEtudentBob
has_name
Bob

Slide 77

{H=H=H7}

Example

Person

[ras_rae|

4352

List of changes

" has_index
{-H=HEL
PhDStudentBab
AddPropertyDomain has_name, PhDStudent

AddPropertyDomain has_index, PhDStudent has_name
RemoveSubConcept PhDStudent, Student
AddSubConcept PhDStudent, KAON:Root

FH-H=H=Hr}
PhDStudent

PhDStudentBob

List of changes
nunun
RemovePropertylnstance has_name, PhDStudentBob, Bob
RemovePropertylnstance has_index, PhDStudentBob, 9352
B RemoveSubConcept PhDStudent, Student
[ has_index ] AddSubConcept PhDStudent, KAON:Root 78

Advanced evolution stratem

AIFB O

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

Person Project
Student

Hiwi PhDStudent
Slide 79

I mplementa’tion Ste enS[aa4

Applications OlModeler - Ontology and KAON Portal and other User.
& Services Metadata Engineering Tool Interface Applications and Services

KAON Access Interface
‘ Change l Interaction ‘
Discovery 0gging
. volution Reversibili volution
Middleware trategy I erv’cesty I ogg}ng ’
KAON API
RDF API | KAON RODF server
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o ool

—

L

Bob

has_name

it |

—

has_nden

il

Strategy Set-up

gOrphaned concepts wil be...
)..deleted,
) .reconnects ¥ root,

~.reconnected to superconcepts.

Orphaned praperties should be...

) .teleted.

() .reconnected to superproperties,
(@ _.left as they are.

af 2 property...
(#) ..may contain subcancepts of ather domainirange concepts.

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

() .may existin the Ol-model.
@ ...should be deleted from the Ol-model.

perties without any range concepts...
() .imay exist in the Ol-model.
@) ...should be deleted from the Ol-model.

o ool

) ...deleted.

() ..reconnected to ontology root.

i ,.reconnected to superconcepts.

Elementary
evolution
strategies

[

(8 ..may contain subconcepts of ather domainirange concepts.

() ..may not contain subcancepts of other domainrange concepts.

rProperties without any dom
() ..may exist in the Ol-model.
®..should be deleted from the Ol-maodel.

perties without amy range concepts...
() ..may exist in the Ol-model.
(8] ..should he deleted from the Ol-model.

“Instance
® ...should be enforced.
1 ...should nat he enforced.

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

() .an error should be raised.

T r—

Paoperties To Concapt

® nus_rame

] Progary Nacs
L'} JVETAUDEAT] | (P PEpMGcn semandiwet Srpflo0 1N 1o eocalretinenc el

B

Prop

) ...deleted.

EER {1 .reconnected to ontology root.

i ,.reconnected to superconcepts.

Elementary

evolution
strategies

[ Instance [ When creating a hierarchy path which already exists...
af .
| & mecanoo R o = i ,,.should be enforced. ®) ..nothing special should be done.
SO, oo, () ...should nat be enforced. {2 ..the shorter path should be removed.
Parsos 0| |8 Parson
g ieen Semantows orgrI00N ikt e swkeool ) 8 . g i D) () wan error should be raised.
- P
& Prow
Cancel
i
[=T Hame 1 T e -
Propetios | rom Concapt Paoperties o Concep Propestios From Concapt Paoperties T Concapt
| | ||| == Py | | | ||| == Py
[ T [] 2 aruHAT| | (B rop Macn semanontt Srp0TN 1Naoe hecalPretnences B s _name [] 2 aTauHAT| | (B rop e semanbowd Srp001N 1Naoe hecalPretnenc el
Clear Clear.
218 x| =18 x|
Orphaned concepts will be... B ] Orphaned concepts will be... ]

-.propel not be propagated.

£ Evolution Details

| |@ ~may contain subconcepts of other domainirange concepts.

Al Ch

ges

@ Delete concept Student.
@ Remove walue Student of property kKaonreferences for instance 0:10330383854508-915157117

@ Delete instance 0:1033038854508-915157117.

Rermove value Kaon:en of property kaoniinLanguage for instance 0:1033038854508-915157117.
Rermove value Student of propery Kaonwvalue for instance 0:1033038854508-915157117
Remove instance 0:1033038854508-915157117 from concept kaon:Label

Remove instance 0:1033038854508-915157117 from concept kaon:Root.

Remove instance Student from concept kaon:Root

Add concept PhDStudent to the domain of property has_name
Add concept PhDStudent to the domain of property has_index.
Remaove concept Student from the domain of propery has_index

Remove value 9352 of property has_index far instance PhDStudentBoh.

Remove concept PhDStudent from subconcepts of Student.
Make concept PhDStudent subconcept of kaon:Root
Remove concept Student from subconcepts of Person

ii oncepts of other domainirange concepts.

nge concepts...

odel.

m the Ol-madel.
ity path which alreatly exists...

Id be done.

Id be removed.

ised.

| coca |
T o T
Apply Changes Cancel




B

Prop

O L.deleted,

o ool

13 Orphaned concepts will be...

) ..reconnected to ontology root,

Elementary
evolution

| ctrateniec

218 x|

"
2]

@ .reconnec|

|
il n |

[Erowionpeats |

~All Changes

@ Delete concept Student
D Remove value Student of property kaon:ref :
@ Delete instance 0:1033038854508-915 |
Remove value kaon:en of property k2
Remove value Student of property k1
Remove instance 0:1033038854500
Remove instance 0:1033038854500
Remaove instance Student from conceptkan
Add concept PhDStudent to the domain of 1
Add concept PhDStudent to the domain of f1
Remove concept Student from the domain
Remove value 9352 of property has_ind
Remove concept PhDStudent from subcon
Make canceptPhDStudent subconcept of K1
Remaove concept Student from subconcept s

FHH=HEHE

F—=HeHE
=G
:RemoveEntity

o:causesChange

[
Remave Studen..
G
EHHE
AddSubConcent.. RemoveSubCo..

[eH=H=—
Remove instanc... pesChange

Delete concept ..

o:has_Reference

otime
Student

02:43 CEST

{cHaH+]
Add PhDStudent.

GHEHE

Add PhDStudent...
H=HE}
RemoveSuhCo...

odate

25i09/02

, Evolution wrap-up

OntoLogging:
* 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 ont

» Change discovery
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;
Experiences
from OTK Case Studies

AIFB O

= 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
+ Avoid/Reduce chicken-and-egg problem
1. Plan fir content that makes KMS interesting

2. Show quick win
= Collaborative ontology engineeri i isti

support and physical presence
= Brainstorming is a valuable add-o

ontology engineering
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Knowledge Process
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OTK Case Study @ BT

Users Portal

Agents

-
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S OTK Architecture

S OTK Architecture
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