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3.3.3 Methodology for Ontology Development

•  Development of an ontology-based KM application involves

ontology development as a very important subtask

•  Outcome of CommonKADS feasibility study is starting point

• TM-2 worksheet: Knowledge item analysis

•  Ontology development is split up in several phases:

• Kick-off phase

• Refinement phase

• Evaluation phase

• Maintenance phase
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CommonKADS - Context Modeling Road Map

Start

OM-1

worksheet:

problems,

solutions,

context

OM-2

worksheet:

description

of organi-

zation focus

area

Refine

OM-5

work-sheet

Judge

Feasibility

(Decision

Document)

OM-4

worksheet

knowledge

assets

OM-3

worksheet

process

break-

down

Integrate

TM-1

worksheet

task

analysis

[If

unfeasible]

Stop

TM-2

worksheet

knowledge

item

analysis

AM-1

worksheet

agent

model

[If feasible]

Focus domain

for ontology

development
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Ontology Development Process

�Check

requirements

�Test in target

application

�Analyze usage

patterns

Ontology

kickoff

Refinement

�ONTOLOGY

Evaluation Maintenance

�Requirement

specification

�Analyze input

sources

(initial lexicon)

�Develop

baseline

ontology

�Knowledge

elicitation with

domain experts

(seed ontology)

�Formalize

(target ontology)

�Manage

organizational

maintenance

process

ORSD +

Initial lexicon

Target

ontology

Roll out
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3.3.3.1 Kick-off Phase

•  result is Ontology Requirements Specification Document

(ORSD)

- characterises the planned area of the ontology application

- defines the scope of the ontology to be constructed

• ORSD is composed of parts:

- administrative information

- name

- date

- involved ontology engineer(s)

- requirements specification
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Ontology Requirements Specification Document

Ontology Requirements Specification Document

Name: skill-man-ontology

Date: 2001/03/22

Ontology Engineer: T. Model

Domain and Goal:

• The ontology is modeled for the domain skill management which is part of the human resource development

• The ontology serves as a model for the knowledge distribution between HR department and project managers

• Ontology serves as a base for semantic search for employee skills

Design Guidelines:

The ontology contains lexical entries in the domain of human resource development. Skills in technologies and market

domains of ABC have to be modeled in detail, the common business administration area has to be modeled on a

more general level. Similar domain models contain about 400 – 600 lexical entries. Axioms are not planned yet.

Supported Applications:

Intranet based Skill Management System at company ABC

Knowledge Sources:

• HR department web pages

• Handbook about employee development, internal document

• Technology and product road map, internal document

• Interviews with HR department and project managers

Users and Use cases:

G. Peoplefind, Human Ressource Department; attached use case 1

B. Boss, Project Manager attached use case 2

Competency Questions:

Attached CQ 1
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Requirements Specification (I)

•  Domain and Goal

- what is the objective of the planned KM application

- based on task analysis (TM-1)

•  Design Guidelines

- description of domain in use

- estimation of size of ontology

- exploit knowledge item worksheet (TM-2)

•  Supported Applications

- brief characteristics of planned application

- specification of system environment
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Requirements Specification (II)

•  Knowledge Sources

- types of knowledge sources may be very different

- domain experts

- (reusable) ontologies

- documents / systems

- dictionaries

- thesauri

- product descriptions

- organisational charts

- employee role descriptions

- ...

      - Knowledge item analysis is important input (TM-2)
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•  Usage Scenarios (Users and Use cases)

- describe users/user groups

- identify stakeholders

- describe usage scenarios

- how do they want to use the system?

- what kind of support do they expect ?

- use e.g. UML use-case diagrams

•  Competency Questions

- define collection of queries that should be supported by the

system

- analyze queries to find relevant lexical entries (concepts and

relations)

- explore scenarios

- collect competency questionnaire

Requirements Specification (III)
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Competency Questionnaire

Competency Questionnaire No. 1

Name: skill-man-ontology

Date: 2001/03/22

Ontology Engineer: T. Model Domain Expert:    X. Pert

concept

Type

consultantWhich of our

consultants has

experience with

JAVA

programming

language?

Q1

Lexical EntriesCompetency

Question

No.

isA relationconsultant is a

employee

conceptJAVA

isA relation

JAVA is a program-

ming language

isA relationprogramming

language is a skill

concept

programming

language

Q2
What is the

salary of a

senior

programmer?

Q3

...

relation
employee has

experience with

skill

...

conceptsalary
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Initial lexicon - example

Consultant

Employee

JAVA

Programming language

Experience

Skill

Programmer

Project

Customer

Industry

...

...

HasExperienceWith

WorksIn

Contains

Competency Questionnaire No. 1

Name: skill-man-ontology

Date: 2001/03/22

Ontology Engineer:T. Model  Domain Expert: X.Pert

concept

Type

consultantWhich of our

consultants has

experience with

JAVA programming

language?

Q1

Lexical

Entries

Competency

Question

No.

isA relationconsultant is a

employee

conceptJAVA

isA relationJAVA is a

programming

language

isA relationprogramming

language is a skill

conceptprogramming

language

Q2 What is the salary of

a senior

programmer?

Q3 ...

relationemployee has

experience with skill

...

conceptsalary



11
(c
) 
In
s
ti
tu
t 
A
IF
B
, 
U
n
iv
e
rs
it
ä
t 
K
a
rl
s
ru
h
e

  
  
 S
S
 2
0
0
1

Wissensmanagement SS 2001

3.3.3.2 Refinement Phase

•  Construct a mature application-oriented target ontology

•  Step 1: Gather baseline ontology

- derive concepts from lexical entries in initial lexicon

- embed concepts into is-a hierarchy (taxonomy)

- add additional concepts to taxonomy,

e.g obvious generalisations of concepts
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3.3.3.2 Refinement Phase

•  Step 2: Develop Seed Ontology

- add additional concepts

- add relations between concepts of the baseline ontology

- add attributes to concept descriptions

- add axioms (informal descriptions)

- perform knowledge elicitation process with domain experts

•  Step 3: Develop Target Ontology

- formalize seed ontology

- choose appropriate representation language,

e.g. Frame Logic, RDF Schema, OIL, DAML+OIL, ...
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3.3.3.3 Evaluation Phase

•  check target ontology with respect to:

- ontology requirements specification document

- competency questions

• collect feedback from beta users

- track usage of ontology

- which parts are used / not used

• feeds back to refinement phase
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3.3.3.4 Maintenance Phase

•  running application has to adapt to changing environment

- ontology has to adapt as well (evolving ontology)

• evolving aspects:

- new lexical entries show up in application

- extend ontology

- lexical entries change meaning

- change reference function

- parts of ontology became obsolete (not needed anymore)

• set up clearly defined organisational process for updating the

ontology

- feeds back to refinement phase

- update ontology by ontology engineer based on collection

of proposed changes
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Software environment

� Ontology development has to be supported by suitable software

environment

– graphical interface

– abstract representation language (as abstract as possible)

– distributed development by several persons

• aspects of Computer-Supported Co-operative Work

– export in suitable representation languages

• Frame Logic, RDF Schema, OIL, DAML+OIL

– import of ontologies
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Protegé-2000 Ontologie-Editor
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OntoEdit (AIFB)
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3.3.4 Reusability of ontologies
Ontolingua-Server

� Development of a server, which provides a library of ontologies

� Server offers an interface for

– application system: Application Programming Interfaces (API)

– user: WWW-Browser

– compiler: compiling in the various

representation formalisms

[Farquhar et al. 97]

http://ontolingua.stanford.edu/
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Reusability of ontologies (I)

� Supported by structuring-

     relations

inclusion

restriction

Generic Products

Product

Service-Agreement

National Semiconductor

Operational-Amplifier

   Subclass-of: Product

Numbers

+ is commutative 

   and associative

Integer Arithmetic

All numbers are integers

� Examples for relations

between ontologies:
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Reusability of ontologies (II)

Numbers

+ is commutative 

   and associative

Strings

+ on strings is

   concatenation

Vectors

+ on vectors is 

  vector addition

Extended Arithmetic

+ is commutative and 

associative, is vector 

addition on  vectors, and 

concatenation on strings.

Medicine

Rollerblading is a likely

cause of wrist fractures

Sports

weightlifters use anabolic

steroids to increase muscle

growth

� Supported by structuring-

     relations

� Examples for relations

between ontologies:

polymorphic

     refinement

cyclic

  dependence



21
(c
) 
In
s
ti
tu
t 
A
IF
B
, 
U
n
iv
e
rs
it
ä
t 
K
a
rl
s
ru
h
e

  
  
 S
S
 2
0
0
1

Wissensmanagement SS 2001

3.3.5 Merging of Ontologies
Motivation - Ontology Integration Trends

Ontologies are relevant for many applications:

� web-search applications (Yahoo, Lycos, Xift, …)

� E-Commerce applications (Amazon, eBay, Virtual Vineyards,

REI, VerticalNet, CommerceOne, etc.)

� configuration applications (Dell, PROSE, etc.)

� ...



22
(c
) 
In
s
ti
tu
t 
A
IF
B
, 
U
n
iv
e
rs
it
ä
t 
K
a
rl
s
ru
h
e

  
  
 S
S
 2
0
0
1

Wissensmanagement SS 2001

The Need For Ontology Merging

� Large-scale knowledge repositories will contain ontologies produced

by multiple authors in multiple settings

� Ontologies for applications will be built by aligning, assembling and

extending multiple modular ontologies from repositories

� Ontologies developed by multiple authors will frequently

–  Express overlapping knowledge in a common domain

–  Use differing representations, vocabularies and structures

� For such ontologies to be used together as building blocks -

their representational and structural differences must be reconciled
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How Ontology Merging Tools Can Help (I)

� Combine input ontologies with name clashes

– Treat each input ontology as a separate namespace

� Support merging of concepts and relations

– Replace all occurrences by the merged concept or

relation

– Test for logical consistency of merge

– name resolution in the case of pairs of concepts

whose names are similar enough in some way

– taxonomy refinement in the case of a concept that

has subconcepts that came from multiple ontologies

– slot traversal in the case of a concept that has slots

(attributes) that came from multiple ontologies.
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How Ontology Merging Tools Can Help (II)

� Focus attention

– Create an agenda of important aspects of the active

ontology

– The items on the agenda are sorted according to a

relevance heuristic such that the most important items

are grouped at the top

– Users are guided through the agenda focusing their

attention so that they can look at areas of the ontology

that need fixes

– e.g., portions of ontology where new relations are

likely to be needed

� Derive relationships among concepts and relations

– Disjointness, equivalence, subsumption,...
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Chimaera – A Merging and Diagnostic Ontology

Environment

Web-based tool utilizing the KSL Ontolingua platform that

supports:

� merging multiple ontologies found in distributed environments

� analysis of single or multiple ontologies

� focus attention in problematic areas

� simple browsing and mixed initiative editing
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Demo des Chimaera

Knowledge System Laboratory

Stanford University
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Demo des Chimaera

Upload
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Demo des Chimaera
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Demo des Chimaera
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Demo des Chimaera
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Demo des Chimaera

Processing
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Demo des Chimaera
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Demo des Chimaera
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Demo des Chimaera

Name Resolution
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Demo des Chimaera
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Demo des Chimaera
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Demo des Chimaera
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Demo des Chimaera

Reports
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Demo des Chimaera
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Demo des Chimaera
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Demo des Chimaera
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Zussamenfassung

� Ontologien stellen semantische Informationen über

– Commonsense Wissen (Zeit, Raum, ...) und über

– Anwendungsbereiche bereit

� Ontologien geben Hinweis auf relevante Begriffe, Attribute,

Beziehungen beim Aufbau domänenspezifischer Wissensbasen

bzw. konzeptueller Schemabeschreibungen

– Beziehungen führen zu weiteren relevanten Begriffen

– Attribute innerhalb einer Begriffsdefinition kennzeichnen

zusätzliche relevante Merkmale für domänenspezifischen

Begriffen

� Ontologien stellen Grundlage für semantisch-basierte

Kommunikation bereit und sind deswegen auch relevant im

Kontext von WWW-Suchmaschinen, E-Commerce, Web

Applikationen

� Konstruktion einer Ontologie geschieht über Kombination einer
Vielzahl anderer Ontologien

� Merging von Ontologien ist aktuelles Forschungsgebiet


