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It refers to the set of activities that concern

the ontology development process,

the ontology life cycle, 

the methods and methodologies for building ontologies, 

and the tool suites  

and languages that support them

Ontological Engineering
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Most relevant methodologies
Methodologies for building

single ontologies from
scratch

• Uschold and King’s method
• Grüninger and Fox’s

methodology
• KACTUS approach
• METHONTOLOGY 
• SENSUS method
• On-To-Knowledge
• DILIGENT 

NeOn methodology for
building ontology
networks
Dynamic

Collaboration

Contextualized

I want to build my ontology

– Which one are the activities involved in the ontology 
development process?

– Which one is the goal of each activity?

– When should I carry out each activity?

– Where is the relationship of one activity with the others?

– Where can I find ontologies with the goal of reusing them?

– How can I build the ontology for my application?

– Do I need a single ontology or an ontology network?
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The NeOn Glossary of Activities

• The NeOn Glossary of Activities
identifies and defines the activities that 
are  carried out when ontology networks 
are collaboratively built

• 55 activities  
• Publication in the NeOn website

http://www.neon-project.org/ 

The NeOn Glossary of Activities
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Some definitions

http://www.neon-project.org/wiki/index.php?title=WP5D5.3.1#NeOn_Glossary_of_Activities

Table of “Recommended and If-
Applicable” Activities

• For each activity included 
in the NeOn Glossary of 
Activities, the table 
identifies which activities 
are required and which 
activities are optional
(can be carried out or not, 
depending on the 
case)during the ontology 
network building process. 

X
Ontology Specification

X
Ontology Search

X
Ontology Matching

X
Ontology Localization

X
Ontology Learning

X
Knowledge Acquisition for Ontologies

X
Ontology Integration

X
Ontology Evaluation

X
Ontology Conceptualization

If ApplicableRequired
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Ontology Network Development Process

I want to build my ontology

– Which one are the activities involved in the ontology 
development process?

– Which one is the goal of each activity?

– When should I carry out each activity?

– Where is the relationship of one activity with the others?

– Where can I find ontologies with the goal of reusing them?

– How can I use the ontology in my application?

– Do I need a single ontology or an ontology network?
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Scenarios
1. Building ontology networks from scratch without reusing existing 

resources.
2. Building ontology networks by reusing non ontological resources.
3. Building ontology networks by reusing ontologies or ontology 

modules.
4. Building ontology networks by reusing and reengineering ontologies 

or ontology modules.
5. Building ontology networks by reusing and merging ontology or 

ontology modules.
6. Building ontology networks by reusing, merging and reengineering

ontologies or ontology modules.
7. Building ontology networks by restructuring ontologies or ontology 

modules.
8. Building ontology networks by localizing ontologies or ontology 

modules.

Resources

O. Repositories and Registries

Flogic RDF(S)  OWL
Thesauri

DB DB

Lexicons

Glossaries

O. Specification O. Conceptualization O. ImplementationO. Formalization

1

Non Ontological Resource
Reuse

Non Ontological Resource
Reengineering

2

3

Ontology Reuse

Ontology Restructuring
(Pruning, Extension, 

Specialization, Modularization)

7

O. Localization

8

Ontology Support Activities: Knowledge Acquisition (Elicitation); Documentation; 
Configuration Management; Evaluation (V&V); Assessment

1,2,3,4,5,6,7,8

O. Aligning

O. Merging

Aligments
Ontology Reengineering

4

6

5

5

RDF(S)

OWL

Flogic

4 6

2

2

3 4 5 6

6

Scenarios in 
the ontology
life cycle
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Life Cycle Models and Life Cycles

• An ontology life cycle model is the framework (waterfall, 
evolving prototyping, spiral, etc.), selected by each using 
organization, on which to map the activities identified in the 
ontology development process.

• The ontology life cycle is the specific sequence of activities that 
the ontology practitioners carry out for developing an ontology.

Proposed steps:
1. Identify the user needs.
2. Select the ontology life cycle model to be used.
3. Select activities from the “recommended and if-

applicable” activity table.
4. Map the selected activities into the selected ontology

life cycle model: the result is the ontology life cycle
for the user needs.

How software developers and ontology practitioners
select the ontology life cycle model and the 
particular ontology life cycle for developing his/her
ontology?
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Ontology Life Cycle Models

Assumption: Ontology requirements are known at the begining of the 
ontology development project.

Assumption: Ontology requirements can be not known at the begining of the 
ontology development project and can change during the project.

Evolutionary Prototyping Rapid Throwaway Prototyping

Assumption: Uncertainties in the ontology requirements can derive into risks 
in the project. 

Risks can be: 
Properties became classes
Move from frames to DL
Reuse new existing resources

Waterfall ‘V’ Model

Spiral

Decission tree for selecting your
Ontology Life Cycle Model
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Decission Tree for Selecting Activities

Several ontology life cycles for
the same model
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I want to build my ontology

– Which one are the activities involved in the ontology 
development process?

– Which one is the goal of each activity?

– When should I carry out each activity?

– Where is the relationship of one activity with the others?

– Where can I find ontologies with the goal of reusing them?

– How can I build the ontology for my application?

– Do I need a single ontology or an ontology network?

Searching Ontologies

• OMV: Ontology
Metadata Vocabulary

• Ontology registries
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Searching ontologies using Oyster

I want to build my ontology

– Which one are the activities involved in the ontology 
development process?

– Which one is the goal of each activity?

– When should I carry out each activity?

– Where is the relationship of one activity with the others?

– Where can I find ontologies with the goal of reusing them?

– How can I build the ontology for my application?

– Do I need a single ontology or an ontology network?
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ES
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ESd
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m
ES

b
ES

Requester ES

Responding ES

ES not involved

Job Seeker’s Candidacy

Employer Job Vacancy

LEGENDA

Helping Job Seekers on their way

EuropeanEuropean
EmploymentEmployment

MediatorsMediators
MarketplaceMarketplace

Local
Matching
algorithm

EURES
ES (Int)

Local
Matching
algorithmPrivate

ES (Int)
Local

Matching
algorithm

Wallonia
ES (Be)

Local
Matching
algorithm

Catalonia
ES (Es)

CandCand..CandCand..

VacanVacan..VacanVacan..

VacanVacan..VacanVacan..

CandCand..CandCand..

CandCand..CandCand..

CandCand..CandCand..

CandCand..CandCand..

CandCand..CandCand..

CandCand..CandCand..

VacanVacan..VacanVacan..

VacanVacan..VacanVacan.. VacanVacan..VacanVacan..

VacanVacan..VacanVacan..

VacanVacan..VacanVacan..

Ms Ms

Ms

Ms

Ms

Ms
Ms

Ms

Ms

Ms

Centralized network
of ontologies

1. Build a reference ontology

Federated network of
ontologies

1. Build a reference ontology for the domain
2. Build local ontologies
3. Build mappings between the core and local ontologies
4. Build mappings between the local ontologies and the data

sources

Ms
Ms

Ms

MsMs

2. Build mappings between the 
reference ontology and the data sources
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ISCOISCO--88 (COM),88 (COM),
ONET,ONET,

EURES EURES taxonomytaxonomy, , 
FOET, ISCED97,FOET, ISCED97,
NACE, ISO 4217, NACE, ISO 4217, 

ISO 3166, ISO 6392,ISO 3166, ISO 6392,
HRHR--XML, XML, ……

RDF(SRDF(S)                                    OWL)                                    OWL

RepositoriesRepositories & & librarieslibraries

ES Data ES Data 
SourcesSources

BuildingBuilding
ReferenceReference
OntologyOntology

ReferenceReference
OntologyOntology

BuildingBuilding
LocalLocal

OntologiesOntologies

LocalLocal
OntologiesOntologies

BuildingBuilding
MappingsMappings
L.O. L.O. -- ES ES 

Data SourcesData Sources

MappingsMappings
L.O. L.O. -- ESES

Data SourcesData Sources

BuildingBuilding
MappingsMappings
R.O. R.O. -- L.O.L.O.

MappingsMappings
R.O. R.O. -- L.O.L.O.

SEEMP Ontology
Network Life Cycle: Iterative

model life cycle

O. Elicitation
O. Documentation

O. Localization O. Pruning

O. Extension

O. Specialization

O. Specification

O. Conceptualization O. Evaluation
O. Implementation RDF(S)

OWL

Maintain UseO. Formalization

O. Assessment

O.  Assessment

O. Searching

O. Selection

RDF(S)                                    OWL

RepositoriesRepositories & & librarieslibraries

ISCOISCO--88 (COM),88 (COM),
ONET,ONET,

EURES EURES taxonomytaxonomy, , 
FOET, ISCED97,FOET, ISCED97,
NACE, ISO 4217, NACE, ISO 4217, 

ISO 3166, ISO 6392,ISO 3166, ISO 6392,
HRHR--XML, XML, ……

Assessment

Select

Search

Reengineer
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O. Elicitation
O. Documentation

O. Localization O. Pruning

O. Extension

O. Specialization

O. Specification

O. Conceptualization O. Evaluation
O. Implementation RDF(S)

OWL

Maintain UseO. Formalization

O. Assessment

Assessment

Select

Search

O.  Assessment

O. Searching

O. Selection

RDF(S)                                    OWL

RepositoriesRepositories & & librarieslibraries

ISCOISCO--88 (COM),88 (COM),
ONET,ONET,

EURES EURES taxonomytaxonomy, , 
FOET, ISCED97,FOET, ISCED97,
NACE, ISO 4217, NACE, ISO 4217, 

ISO 3166, ISO 6392,ISO 3166, ISO 6392,
HRHR--XML, XML, ……

Ontology
Specification

Reengineer

Ontology Specification 

60 Competency questions grouped 
into 5 categories (modular 
approach)

– Job Seeker (12)
• What is his/her education level?

– Job Offer (12)
• What are the required skills for the 

job offer?
– Time and date management (7)

• When the job seeker completed 
his/her first degree?

– Currencies (4)
• The offered salary is given in US 

dollars?
– General (25)

• Given the employer information, 
economic activity of the employer 
and the job offer profile (job, 
contract type, salary, work 
condition, contract duration), what 
job seekers are the most 
appropriate?

Given the job offer profile (job, contract type, salary, work 
condition) and the required profile to seek (required education 
level, required work experience, required knowledge, required 

skills), what job seekers are the most appropriate?

Classes: Contract Type, Compensation,
Work Condition, Job Seeker, 
Job Offer …

Relations: has job category, 
has compensation, 
requires work experience …

Attributes: Name, date of birth, email …

EachEach organizationorganization has has jobjob offersoffers
forfor jobjob seekersseekers

Vocabulary:
Questions:  contract type, salary, work condition,

job seeker, job offer, …
Answers: autonomous, 3000 euro, holliday job, …
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O. Elicitation
O. Documentation

O. Localization O. Pruning

O. Extension

O. Specialization

O. Specification

O. Conceptualization O. Evaluation
O. Implementation RDF(S)

OWL

Maintain UseO. Formalization

O. Assessment

O.  Assessment

O. Searching

O. Selection

RDF(S)                                    OWL

RepositoriesRepositories & & librarieslibraries

ISCOISCO--88 (COM),88 (COM),
ONET,ONET,

EURES EURES taxonomytaxonomy, , 
FOET, ISCED97,FOET, ISCED97,
NACE, ISO 4217, NACE, ISO 4217, 

ISO 3166, ISO 6392,ISO 3166, ISO 6392,
HRHR--XML, XML, ……

Knowledge
reuse

resource study
Assessment

Select

Search

Reengineer

Search and Assess
Standards and Taxonomies

• We select the most appropriate 
standards and taxonomies for:

– Occupation Classification
ISCO-88 (COM), SOC, ISCO-88, 
ONET, Eures Taxonomy.

– Classification of Economic 
Activities

ISIC Rev. 3.1, NACE Rev. 1.1, 
NAICS

– Apprenticeship classifications
ISCED 97, FOET

– Currency Classification
ISO 4217

– Geography Classification
ISO 3166, Eures Taxonomy

Language Classification
ISO 6392, CEF

Driving License Classification
European Legislation

Skill Classification
Eures Taxonomy

Contract Types Classification
LE FOREM, Eures and BLL Classification

Work Condition Classification
LE FOREM, Eures and BLL Classification

Assessment activity:  Matching terminology
from Competency Questions against the Standards

Assessment

Select

Search

Reengineer



16

Selection of Standards

The
current

European
needs

The
degree
of
coverage

FOETISCED 97NAICSNACE 
Rev. 1.1

ISIC 
Rev. 3.1

ISCO-88
(COM)ISCO-88ONETSOC

Apprenticeship
Classification

Classification of 
Economic ActivitiesOccupation Classification

Reference Ontology shall be based on the international, European or de-facto industrial standards

But, we need also proprietary taxonomies …

Community Driving 
License

ISO 6392ISO 3166ISO 4217

Driving LicenseLanguage 
Classification

Geography 
Classification

Currency 
Classification

Assessment

Select

Search

Reengineer

Reengineering resources

Oracle DB HTML MS Access
ISCOISCO--88 (COM)88 (COM)

EURES TaxonomyEURES Taxonomy
(proprietary)(proprietary) ONETONET

PrunePrune

IntegrateIntegrate

OccupationOccupation
OntologyOntology

Ad Ad hochoc wrapperwrapper

WSML WSML exporterexporter

ExtendExtend

SpecializeSpecialize

Assessment

Select

Search

Reengineer
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O. Elicitation
O. Documentation

O. Localization O. Pruning

O. Extension

O. Specialization

O. Specification

O. Conceptualization O. Evaluation
O. Implementation RDF(S)

OWL

Maintain UseO. Formalization

O. Assessment

O.  Assessment

O. Searching

O. Selection

RDF(S)                                    OWL

RepositoriesRepositories & & librarieslibraries

ISCOISCO--88 (COM),88 (COM),
ONET,ONET,

EURES EURES taxonomytaxonomy, , 
FOET, ISCED97,FOET, ISCED97,
NACE, ISO 4217, NACE, ISO 4217, 

ISO 3166, ISO 6392,ISO 3166, ISO 6392,
HRHR--XML, XML, ……

Ontology
reuse

Assessment

Select

Search

Reengineer

Assessing Time Ontologies
1. Identification of criteria for comparing the candidate set of temporal ontologies

2. Assess all existing temporal ontologies against the criteria

Different temporal 
granularities

Concatenation of 
intervals

Explicit modeling of 
proper intervals

Distinction between 
open and closed 
intervals

Convex and non 
convex intervals

Relations between 
time intervals

Absolute and Relative 
Time

Time Interval

Time Points

Provides axioms

Different temporal granularities

Concatenation of intervals

Explicit modeling of proper intervals

Distinction between open and closed 
intervals

Convex and non convex intervals

Relations between time intervals

Absolute and Relative Time

Time Interval

Time Points

AKT Time 
Ontology

DAML 
Time 

Ontology

SUMO Time 
Ontology

SRI’s
Time 

Ontolog
y

Kestrel 
Time 

Ontology

Reusable 
Time 

Ontology

Simple 
Time 

Ontology

Unrestricted 
Time 

Ontology

Cyc’s
Upper 

Ontology

O.  Assessment

O. Searching

O. Selection
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Process for assessing
Time Ontologies (II)

3. Checking which temporal properties are 
needed for answering the Competency 
questions

a. When the job seeker completed his/her first 
degree?

b. Is the job seeker older than 30 years?
c. How much time did the job seeker spend 

completing his/her first degree? 
d. How long is the duration of the contract?
e. Which job offers were posted in last 24 

hours?
f. Which job offers were posted in last 7 days?
g. Which job offers were posted in last month??
h. Was the job seeker unemployed?
i. Was the job seeker a student between 1995 

and 2000?

4. Checking which temporal properties are 
needed for answering the Competency 
questions

Different temporal 
granularities

Concatenation of 
intervals

Explicit modeling of 
proper intervals

Distinction between 
open and closed 
intervals

Convex and non 
convex intervals

Relations between 
time intervals

Absolute and Relative 
Time

Time Interval

Time Points

b, c

a,d,f,g

a

a,d,f,g

a,d,f,g

h

i

O. Searching

O.  Assessment

O. Selection

The Time Ontology 
Selection

Provides axioms

Different temporal granularities

Concatenation of intervals

Explicit modeling of proper intervals

Distinction between open and closed 
intervals

Convex and non convex intervals

Relations between time intervals

Absolute and Relative Time

Time Interval

Time Points

AKT Time 
Ontology

DAML 
Time 

Ontology

SUMO Time 
Ontology

SRI’s
Time 

Ontolog
y

Kestrel 
Time 

Ontology

Reusable 
Time 

Ontology

Simple 
Time 

Ontology

Unrestricted 
Time 

Ontology

Cyc’s
Upper 

Ontology

O. Searching

O.  Assessment

O. Selection
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Conceptualization

O. Elicitation
O. Documentation

O. Localization O. Pruning

O. Extension

O. Specialization

O. Specification

O. Conceptualization O. Evaluation
O. Implementation RDF(S)

OWL

Maintain UseO. Formalization

O. Assessment

O.  Assessment

O. Searching

O. Selection

RDF(S)                                    OWL

RepositoriesRepositories & & librarieslibraries

ISCOISCO--88 (COM),88 (COM),
ONET,ONET,

EURES EURES taxonomytaxonomy, , 
FOET, ISCED97,FOET, ISCED97,
NACE, ISO 4217, NACE, ISO 4217, 

ISO 3166, ISO 6392,ISO 3166, ISO 6392,
HRHR--XML, XML, ……

Assessment

Select

Search

Reengineer

Conceptualization:
Modular approach for ontology construction

Representation Ontology: WSML

General/Common Ontologies: Time, Geography, Language

Domain O.: Economic Activity, Occupation, Education, Skill, Driving 
License, Compensation, Labour Regulatory, Competence

Application
Domain O. : Job Seeker, Job Offer

-

+

Reusability

-

+
Usability
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Reference Ontology

Labour
Regulatory
Ontology

Skill
Ontology

Language 
Ontology Occupation

Ontology

Geography 
Ontology

Time 
Ontology

Education
Ontology

Driving 
License 
Ontology

Compensation
Ontology

Economic
Activity

Ontology

Job Offer
Ontology

Job Seeker
Ontology

has work condition / 
is associated with

has contract type / is associated with
is located in /

has salary / is
 associated with

requires education /

is associated with

is associated with

has activity sector /

is associated w
ith

has nationality from / is nation of

resides in / is residence of

has salary /

has contract type / 
is associated to

has work condition / is associated to

has location / is associated with

ha
s 

ac
tiv

ity
 s

ec
to

r /
is

 a
ss

oc
ia

te
d 

w
ith

ha
s 
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tiv
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 s
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 / 
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te
d 

wi
th
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s 

jo
b 

ca
te

go
ry

 / 

Is
 a

ss
oc

ia
te

d 
wi

th

has education / 

is education of

has m
other tongue / is m

other tongue of

speaks / is spoken by

has language proficiency /

belongs to

LE FOREM + BLL + EURES

EURES

ISO 6392

CEF
ISCO-88 COM

ONET

EURES

ISO 3166

EURES

DAML Time 
Ontology

FOET

ISCED97

NACE Rev. 1.1

European Legislation

ISO 4217

Ad hoc wrapper

External Sources

is associated with

has job category /

is associated to has date of birth
/ is date of birth of

has begin date /

is begin date of

Competence
Ontology

subClass-Of

subClass-Of

requires competence /

is associated with

has competence / 

is competence of

Candidacy

Offered Work
Experience

Objective

ICT Objective

Job Seeker

Vacancy

Organization

Requested 
Work Experience 

ICT
Vacancy

Job Vacancy

Competence

Education

Language

Contract Type

Compensation

Work Condition

Occupation

Sector

Location

Country

Computing 
Professionals

has candidacy/
belongs to

has objective /
belongs to

subClass-Of

has job category

is associated with

subClass-Of

has nationality from /
is nation of

resides in /
is residence of 

has mother language /
is mother tongue of

speaks /
is spoken by

has competence /
is competence of

has education /
is education of

has work experience /
belongs to 

ha
s 

w
or

k 
co

nd
iti

on
 /

is
 a
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oc

ia
te

d 
to
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has activity sector /
is associated with

has activity sector /
is associated with

has job category /

is associated with

has job category /

is associated with

has job vacancy/
belongs to

has location /
is location of

has vacancy/
belongs to

subClass-Of

has job category /
is associated with

is associated with /
requires work experience

has activity sector /
is associated with

has job category/
is associated with

requires education /
is associated with

requires competence /
is associated with

has work condition /
is associated with

has contract type /
is associated withhas compensation /

is associated with

is located in /
is associated with

has job category/
is associated with

has activity sector /
is associated with

Job OfferJob Offer
OntologyOntology

Job SeekerJob Seeker
OntologyOntology

OccupationOccupation
OntologyOntology

LanguageLanguage
OntologyOntology

EducationEducation
OntologyOntology

CompetenceCompetence
OntologyOntology

LabourLabour
RegulatoryRegulatory
OntologyOntology

CompensationCompensation
OntologyOntology

GeographyGeography
OntologyOntology

Economic Economic 
ActivityActivity

OntologyOntology

Details of the ontology
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ISCOISCO--88 (COM),88 (COM),
ONET,ONET,

EURES EURES taxonomytaxonomy, , 
FOET, ISCED97,FOET, ISCED97,
NACE, ISO 4217, NACE, ISO 4217, 

ISO 3166, ISO 6392,ISO 3166, ISO 6392,
HRHR--XML, XML, ……

RDF(SRDF(S)                                    OWL)                                    OWL

RepositoriesRepositories & & librarieslibraries

ES Data ES Data 
SourcesSources

BuildingBuilding
ReferenceReference
OntologyOntology

ReferenceReference
OntologyOntology

BuildingBuilding
LocalLocal

OntologiesOntologies

Local Ontologies Building Process

• Option 1: Building Local Ontologies from the Reference Ontology.

ReferenceReference
OntologyOntology

SpecializeSpecialize

ExtendExtend

Resultant Local OntologyResultant Local Ontology

PrunePrune

• Option 2: Building Local Ontologies as a reverse engineering process 
from ES Data Sources. 

ES Data SourcesES Data Sources

Reverse Reverse 
EngineeringEngineering

Resultant Local OntologyResultant Local Ontology
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Hybrid approach for building Local 
OntologiesA hybrid approach

ReferenceReference
OntologyOntology

Job Offer

Job Seeker
Ontology

Reverse Reverse 
EngineeringEngineering

Skill
Education

Economic Activity

Occupation
Ontology

Local  OntologyLocal  Ontology

ES OccupationES Occupation
TaxonomyTaxonomy

IntegrateIntegrate

Option 1 for Job Seeker and Job Offer Option 1 for Job Seeker and Job Offer OntologiesOntologies

Option 2 for Occupation, Education, etc.Option 2 for Occupation, Education, etc.

Conclusions

• Which one are the activities involved in the ontology development process?

• Which one is the goal of each activity?
– NeOn Glossary of Activities
– NeOnTable of “Recommended and If-Applicable”
– NeOn Development Process

• When should I carry out each activity?

• Where is the relationship of one activity with the others?
– Ontology Network Life Cycle models
– Ontology network life cycles

• Where can I find ontologies with the goal of reusing them?
– Ontology Metadata Vocabulary

– Ontology registries

• How can I build the ontology for my application?

• Do I need a single ontology or an ontology network?
– Example of building an ontology in the Employment Mediators MarketplaceEmployment Mediators Marketplace
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