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| Topics SIT

Karlsruhe Institute of Technology

* What are use cases for ontologies in semantic 0
applications? =

= What are development processes and lifecycle activities
for engineering
1) ontologies
2) semantic applications?

= What are supporting infrastructures/architectures for
engineering ontologies and semantic applications?

= What are specific technologies to build semantic
applications?

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) _I—_ Fomelm&‘mm:mm:; Un' ers'tét Karlsr he (TH)

_I'__ n G @ Fors:::ungslniversitét . ge:riindet 1825




I Spectrum of Ontologies ﬂg:r

M
L
<
Catalog/ Thesauri Taxonomy  Frames General
ID (properties) logical
axioms
Terms/ Informal Formal Disjointness,
lossar Is-a Is-a Inverse, ...
J y Value
restrictions
[Deborah McGuinness, Stanford]
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Many Ways to Use Ontologies — AT

A Se m a ntic CO nti n u u m Karlsruhe Institute of Technology

,+An ontology is a specification of a conceptualization.” (Gruber) E
Pump: “a device for moving a gas or liquid - g
from one place or container to another” (pump subclassof device) <

Informal Formal
(Implicit) (explicit)
Shared Text Semantics Semantics
human descriptions “hardwired” at processed and
consensus runtime used at runtime
e.g. comments to  consistency use of all the axioms
database schema  checking at at runtime, e.g. for
design time guestion answering

Further to the right means: | ess hardwiring

eLess ambiguity eMore robust to change

eBetter inter-operation o iFfi
p More dlffICUIt [Mike Uschold, Boeing Corp]
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I Coverage/Specifity of Ontologies

describe very general
concepts like space, time,
event, which are
independent of a particular
problem or domain. It seems
reasonable to have unified
top-level ontologies for large
communities of users.

describe the
vocabulary
related to a
generic domain
by specializing
the concepts
introduced in the
top-level
ontology.

— top-level upper ontology

IT

Karlsruhe Institute of Technology

asl

L

| <
describe the
vocabulary
related to a

generic task or

N

domain N ——
ontology ask ontology

activity by

specializing the

top-level
ontologies.

o | the most specific
application ontology ontologies. Concepts in
application ontologies

often correspond to roles
played by domain

entities while performing
a certain activity.
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IT

Specific ontologies =

AIFBO

= Domain-oriented
= Domain-specific
— Medicine => cardiology => rhythm disorders
= Domain generalizations
— components, organs, documents, gene function

= Task-oriented
= task specific
— configuration design, instruction, planning, annotation
analysis
= task generalizations
— problem solving methods
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I Upper Ontologies ﬂg:r

on
=
= Ak.a.top level, core, generic ® Examples of Top Level n
or reference ontologies
= An attempt to capturethe = SUMO
most general and reusable = DOLCE
terms and definitions = CyC
o . V4 o )
= “Physical”, “Abstract”, = \WordNet
o ) 7)
Structure”, “Substance
’ EuroWordNet
= Useful for ontology re-use
" |mportant when generating
or analysing natural language
expressions
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I AT

Suggested Upper Merged Ontology (SUMO) =

an
(L
= 1000 terms, 4000 axioms, 750 rules <
= Written in FOL
= Development since 2000
= Associated domain ontologies totaling 20,000 terms
and 70,000 axioms
" Free
e SUMO is owned by IEEE but basically public domain
e Domain ontologies are released under GNU
e www.ontologyportal.org
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I SUMO - Top Level Concepts AT

uhe Institute of Technology

M
-
<
Physical Abstract
‘ Quantity ‘ \
Process ‘ :
‘ Relation ‘
SelfConnectedObject ‘ Region ‘ ‘ SetOrClass
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| ST

Karlsruhe Institute of Technology

2
= enCYClopedia <
"= Douglas Lenat at Cycorp
= Development since 1984
= general knowledge and common-sense reasoning
= Ontology — 100,000’s of terms
= Millions of assertions

= “Water is wet”

= “Everyone has a mother”

= “When you let go of things they usually fall.”
= Open version available — opencyc.com




I WordNet AT

Karlsruhe Institute of Technology

=  “Lexical ontology” = Free

AIFBO

= 100,000 word senses — synsets = De facto standard in the

linguistics world
= Created by George Miller's .

group at Princeton

news item IS A KIND OF ...
1 sense of news item

Sense 1
news item -- (an item in a newspaper)
=> item, point -- (a distinct part that can be specified separately in a group of things that could be
enumerated on a list; "he noticed an item in the New York Times"; "she had several items on her
shopping list"; "the main point on the agenda was taken up first™)
=> part, portion, component part, component -- (something determined in relation to something that
includes it; "he wanted to feel a part of something bigger than himself"; "I read a portion of the
manuscript"; "the smaller component is hard to reach")
=> relation -- (an abstraction belonging to or characteristic of two entities or parts together)
=> abstraction -- (a general concept formed by extracting common features from specific
examples)
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Applications of Ontologies and QAT
Semantic Technologies ———

AIFBO

= Semantic Search
" Information Integration
= Knowledge Management

= Personal Information Management
= Decision Support and Expert Systems
= Semantic Web Services
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Example: Semantic Search

Search Term: CRM

Disambiguation and Navigation

of Search Results using Ontologies

KNOWLEDGE
CRM
« Alias
Customer Relatipnship Management
* Classification
Business Concept

O

il:]

Channel Strateqy
Call Center

Productivity

= Comprised of Key Vocabulary
Sales Force Marketing
Customer Marketing
Cuslomer Engagement

* Uses Technologies
Internet

Content Mangement
Classification

= Impact on Verticals
Financial Services

Ooo

OC0a

|

m (mw

{

i find halp from ADI softwaee

ith ey polential niormabon
techniology purchase now uncher
intenee acruting, & few' sofwane vend...

111403 2kt

Micresnft this weak plans b dedes
i firsk test relnase of @ new wersion
ofils Office softwans ...

LA Business
e

c [ firhis

Publishng softwam: giant Adobe Systems

5 58t o conbnus 45 push inko enfiepnse 153003 PR Mews

waaltwans with 1h...

e

o,

bl soyachess WSSOl AmE
Updie: Sicbel Systerns Chief Emoutra

Tom Zebel dened nmoes that Micosot 12006 Intemet

i 564 1D e BECUIF. . BT
Microsoft and Siabel Systems are
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r
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AIFBO

We can use ontologies
to enhance search by:

e Sense
disambiguation

e Query expansion
* Type with
restrictions

Forschungsuniversitdt - gegriindet 1825
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I Example: Semantic Search with ORAKEL ﬂg:r

AIFBO

/q’ “Which journal articles were written by 'Tim
b Berners-Lee' for which journal?”

PREFIX protonu:<http://proton.semanticweb.org/2005/04/protonu#>
‘ ' PREFIX protont:<http://proton.semanticweb.org/2005/04/protont#>
SELECT ?x ?z WHERE {
?x rdf:type protonu:Article .
?x protont:documentAuthor ?y .
?y rdfs:label ?ys .
match(?ys, "Tim Berners Lee") .

?z rdf:type protonu:Journal
?x protonu:publishedWithin ?z

}

"The Semantic Web' "The Scientific American"
' "WWwW: Past, Present, and Future' "IEEE Computer"

[---] [---1

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) . . " Ferschungszentrum Karlsruhe niversitat Karlsruhe
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I Example: Flexible and Extensible Decision g(“-
Support Systems i e

O
&

P
Check, if Rul

Decision Support Systems (DSS)

B

= Used to prove correctness of
complex engineering tasks

Use Case at Audi

=  Support of internal preparation of
changes to test vehicles (AVx)

(0]

power(Motor) <=
sustainsPower(Gears)

Otherwise Report Error

=  Ontology integrates knowledge of SE-32.E
all parties involved (several (FE
engineering departments) hatTeile/ID
= Knowledge about functional,
geometric and temporal effects can SE 32:566

FW 4x4-587

KA-ross 6-FH
(Karosserie)

be captured in a modular and
reusable manner through
ontologies and associated rule
bases

,,Common technologies are not expressive
Why ontologies ? enough to. capture the complexity of relatior_lships
= Flexibility in capturing and and gdapt_lve enough ’_co react to ever chang_lng
integrating knowledge relationships. Semantic technologies make it
possible in a flexible and maintainable fashion to

" Reu§abl!lty of knowled_ge aCross capture all required complex relationships and
applications and domains make process them.*
(test manager at Audi)
KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) B _R:rsdmngsm‘lll‘l.ln Karlﬂuhe Universitét Karlsruhe (TH)
_I'-_ TR e T T @ Forschungsuniversitdt - gegriindet 1825




e

Example: Personal Information Management Q(IT

Karlsruhe Institute of Technology

§ Wil . AttachedTo
= P

-

7 riong —eE | e )
%cipient . E
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| <
CourseGradeIn

W

ConfHomePage -—=—7
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—-—E_ Attt
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-

>
EarlyVersion ./

Pr'esen‘ra‘rionFo7’

Origina’rec*ir'om\t %

e

HomePage

==L 1 i%
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I Example: Semantic Technologies for AT
Enterprise Information Integration o

[FBQ

User = Data Integration most

v o costly and challenging task
IeWs . > = for enterprises
= E.g.upto80% of SAP
migration costs due to
data integration

= Semantics is the key issue
in order to solve

integration problems

= Semantic technologies
enable dynamic
integration solution which
federate queries and

'l' el )

Al 3 564 farticieid> merge data from

[-a-_] e —— heterogeneous data
el Vs il ' sources
sl e | SRS o e LT

Data o e el o T T
Sources <farscies

A

Integration A
Ontology
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Example: Enterprise Information Integration AT

Karlsruhe Institute of Technology

= Benefits of ontologies
= Shared interpretation of distributed data

= Conceptually adequate and expressive data model to
integrate heterogeneous data

= Ease of maintenance because of declarative
specification of integration rules

AIFBO

= Reasoning services are used for:

= Computing relationships between information sources

= Formal verification/validation of the integration result
(e.g. inconsistency, redundancy, ...)

= Query answering across data sources

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) _I—_
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Example: FSDAS Application in the Fishery  Q¢IT
Domain e

= FAO v
" Food and Agriculture Organization \//

of the United Nations
= Case Study in the NeOn project

AIFBO

" Fish Stock Depletion Assessment System (FSDAS)

" Bringing together related and relevant information
" Discover and assess resources related to stock depletion

= Decision support system to help Fisheries experts
analyzing the status and trends of world’s fish stocks
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FSDAS — Ontology Runtime Requirements

KOS (thesauri, classification schemes,
glossaries)

= Ubiquitous and easy access
to
= status of fish stock
= factors affecting fish
depletion
" [ntegration and querying
of heterogeneous (non-)
ontological resources
through the exploitation of
the Fisheries ontologies

= return relevant results to
the client

" |ntegrate with advanced
annotation and
visualization tools

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH)

esau
e —
thesaurus RS Fisheries
taxonomies

Integrate, merge, map

Fisheries ontologies

IT
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: Depletion :
:  Assessment
System '

Use

Connect to

!

Feed and maintain validity

Ontology learning/
population

Knowledge bases (metadata, documents, statistics...)

e ASFA Regional
abstracls non-FAD
|| resources

Use

— e — —
————— ———
National
FIRMS E’c-cunjtant non-FAQ
resources epository e IS

[ )

_I-_ Farschungszentrum Karisruhe
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I Fisheries Lifecycle Management — QAT
Ontology Engineering Requirements o

oa
=
= Provide support to ontology engineers and subject B
experts for:
= modeling, populating, deploying, versioning ontologies
= keeping them updated through an editorial workflow
= managing mappings and relations between them
= Fisheries ontologies are:
= multilingual ontologies
= distributed / networked
KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) m Farschungszentrum Karisruhe niversitat Karlsru e( )
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Ontology Conceptualization ﬂg:r

] Schema - NeOn Toolkit

File Edt Mawigate Search Project ‘Window Help
O~ ke | A =

2 Ortalogy Maviga.. 2 = O

- MewlntologyProject
-2 rapecies_v].0.owl
- J Concepts
=-(® hiological_entity
& family

AIFBO

8 zpecies

=[] Relatiors ' i de | £
i) includesFamily
) includestider
) holudesSpecies

Diezcription | de - |
o} Hooks_and_lines .
\ . Gillnets_and_entangling_nets @ level2
i Traps ' .

@ " hasSublevel

i} Lift_nets

_Seine_nets v
Egend: h v e — =C 8 I!_avel'l
b instances of levell
(% concept ounding_gears .
range concept . @
: igzcfg
@ rnlalatn:un ' i Trawl_nets
9 Instance ook ears [
{ inztance [

L

|
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Ontology Population

o —

et
RDEMS

XML
Schema

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH)

[
—- 'l Manual population

-

Instances migrated to Ontology

Ontology mapped.

IT

Karlsruhe Institute of Technology

Instances stay in DB

Instances migrated to Onlology———

Ontology mapped.

i

© 00

Instances stay in XML

[

_I-_ Farschungszentrum Karisruhe
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I Ontology Mapping to Create a Network ﬂg:r

water areas - o
. territories
species as|
{5 (L,
\ C \ <
ommon . . _
© . lives in . has shore with
cuttlefish » Mediterranean > .
Spain
lginates from -
is fished with _ commodities
equivalent
Canned
cuttlefis n
Sepia officinalis S
) AgroVoc
©
gears
T Traps
© vessels
\Trgp setters
used on »
o)
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I Aspects of Engineering Ontology—based  QI¢CIT
Applications ey

e Engineering of ontology-based applications is a complex 0
task, which involves <
e Ontology engineering
e Software engineering
e Ontology management throughout the entire lifecycle
» Require systematic approach to
e the ontology and application development process,
e the ontology life cycle,
e the methods and methodologies for building ontologies and
applications,
e and tool support
KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) _I—_ Fomelm&‘mg:mm:; UniverSitét KarlsrUhe (TH)
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I Ontology Lifecycle in Applications ﬁg:r

O
o
=
<

DEPLOYMENT

Search &
.
Analysis Population
EVOLUTION FEEDBACK

= Close interaction between ontology engineering
and runtime usage
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I Ontology Engineering Activities ﬂgj

AIFBO

Requirements Development Integration Evaluation

Use Case Ontology Ontology Ontology Ontology Ontology Ontology
Modeling Conceptualization Selection Learning Localization Mapping Diagnosis

Ontology Ontology Ontology Ontology Ontology Non O cal Ontology
Specification Formalization Reuse Enrichment R Specialization e Repair
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Generic Architecture with Lifecycle Support QAT

= |Inspired by SE best practices
(SOA, JEE)

=  Dynamic interaction of
engineering and
usage activities

= [ayered Organization

= Presentation Layer
=  Thin client vs. Rich client

= |logic Layer
= Business services / objects
= Ontology services

= Data Layer
= Ontological sources
= Non-ontological sources

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH)
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PRESENTATION LAYER o
e
ONTOLOGY- ENGINEERING TOOLS' FRONT-END ONTOLOGY-BASED APPLICATIONS FRONT-END
Ontology Ontology Semantic s;g:m"hm
Editor Browser Portal Farm
b ER
OMNTOLOGY ENGINEERING SERVICES ONTOLOGY USAGE SERVICES
Use Case Browsingy .
Modeling ‘ | Visualization ‘ | Debugging | Retrieval || Reasoning Other
Related Related Ontology

Language Structurediodel Inconsistency Sanvicas Sarvicas Sanicas
Translation Transformation Resolution

Ontology Collaborative Funcicnal ]

Leaming Editing Evaluation Automatic . )

Ontology Cleansing Fusion
| Ontology ‘ | Ortology ‘ | Performance | Population
Mapping Muodularization Evaluation
RA | DEVELOPMENT / INTEGRATICN  TESTING ! EVALUATION
CORE ONTOLOGY SERVICES
Querying ‘ l Reasoning ‘ ‘ Repasitory I | Registry
conneclor connector cannaclar cannactors cannector connector
R
Filesystam External Ontology Repositony Samantic
Sarvice onto onto
Registry
[ Forschungszentrum Karisruhe Universitat Karlsruhe (TH)

r
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I Architecture — Ontology Services

Core services vs. higher level ontology lifecycle services

Interactions within layers

IT

Karlsruhe Institute of Technology

AIFBO

May correspond to the structure of lifecycle activities, e.g. sequential flow

Actual interaction depends on particular workflow of the use case

F in der Helmholz-Gemeinschaft ! '

ONTOLOGY ENGINEERING SERVICES

ONTOLOGY USAGE SERVICES

Use Case Browsing/ .
Moda[inq Visua”zaﬁon Debqulng Hal"eval Reasoning Olher
i Related Related Ontology
Language StructuredModel Inconsistency Services Services Services
Translation Transformation Resolution
Cntology Collaborative Functional ]
Learning Editing Evaluation Automatic , ‘
Ontology Cleansing Fusion
Ontology Ontology Performance Population
Mapping Modularization Evaluation
RA/DEVELOPMENT / INTEGRATION TESTING / EVALUATION
CORE ONTOLOGY SERVICES
Querying Reasoning Repository Registry

Universitat Karlsruhe (TH)
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I Architecture — Core Ontology Services

" Find and publish ontologies

= Access, manipulation and storage of

= Ontology
= Ontology elements

" Querying, reasoning with ontologies

=
CORE ONTOLOGY SERVICES
Querying Reasoning
Repository Registry

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH)

_I-_ Farschungszentrum Karisruhe
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Core Ontology Services

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) _I—_ Forschungszentrum Karisruhe
in der Helmholtz-Gemeinschaft

Registry
= Registering and maintaining information about ontologies
= Querying for available ontologies
= Based on ontology metadata descriptions
Repository
=  Focus on storing, manipulating and retrieving ontologies
= File system vs. DBMS backend
Querying
= SPARQL query language
Reasoning
= Reasoning tasks (standard / non-standard)
* DIG interface http://dig.sourceforge.net/

IT

Karlsruhe Institute of Technology

AIFBO

Often ontology management APIs cover many of the above at the

same time
= Jena API, KAON2 API, OWL API

r

D)

Universitat Karlsruhe (TH)
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I Architecture — Ontology Engineering AT

Se rvices Karlsruhe Institute 85'
= Services for engineering activities o
= Requirement analysis, Ontology Development, Ontology <

Integration, Ontology Evaluation

ONTOLOGY ENGINEERING SERVICES
Use Case Browsing/ Db
Modeling Visualization 99ing
Language StructuredModel Inconsistency
Translation Transformation Resolution
Ontology Collaborative Functional
Learning Editing Evaluation
Ontology Ontology Performance
Mapping Modularization Evaluation

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH)
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Architecture — Ontology Usage Services ﬂg:r

[ [ ° fre ° m
- Appllcatlon-speCIflc usage services L
" |nvolve reasoning, retrieval and other tasks enabled by <
ontologies
" Implement use cases
ONTOLOGY USAGE SERVICES
Retrieval Reasoning Other
Related Related Ontology
Services Services Services
Automatic
Ontology Cleansing Fusion
Population
KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitét Karlsruhe (TH) —I—- Fomemmg:mm:; Univ itat Karlsruh (TH)
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Architecture — Ontology Usage Services ﬂg:r

L] 1 . asl
Lifecycle usage services 0
= Population, Cleansing, Fusion <
ONTOLOGY USAGE SERVICES
Retrieval Reasoning Other
Related Related Ontology
Services Services Services
Automatic
Ontology Cleansing Fusion
Population
KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH) _I—_ Fomelm&‘mg:mm:; U iV it"tK | Uh (TH)
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I Architecture — Ontology Services

= Feedback Loop

Deployment

ONTOLOGY ENGINEERING SERVICES

Use Case Browsing/ i,
Modeling Visualization 399
Language StructuredModel Inconsistency

Translation Transformation Resolution
Ontology Collaborative Functional
Learning Editing Evaluation
Ontology Ontology Performance
Mapping Modularization Evaluation

& N

IT

Karlsruhe Institute of Technology

AIFBO

£
ONTOLOGY USAGE SERVICES

Retrieval Reasoning Other
Related Related Ontology
Services Services Services

Automatic

Ontology Cleansing Fusion

Population

Evolution

KIT — die Kooperation von Forschungszentrum Karlsruhe GmbH und Universitat Karlsruhe (TH)
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Application Design and Implementation ﬂg:r

= Design and implementation of concrete

applications based on generic architecture

= Match technical requirements
— Degree of distribution, coupling and granularity of components
— Choose concrete architecture paradigm (JEE, Rich Client
Application, ...)
= Match functional requirements against generic services
and components

AIFBO
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I NeOn Toolkit

Reference implementation
of the generic architecture

Infrastructure and reusable
software components

Based on Eclipse platform

Based on a set of
standardized APlIs

Plugins implement
ontology services

& Schema - Eclipse SDK
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A Entity Properties View ©1

Marne: | human

Namespace | "hitp: fvsm NewOntal .org#" -

Attributes: Attribute Range Mn  Max

<

=] Properties | ] Watson Results Yiew 52
son range Add relation to human
attends range Add relation to human

“Modern man, the only remaining species of the Homao

comment Add Literal in human

genus,”

http:/ /kmi-web05.0pen.ac.uk:81/cache/1,/f5d/857a,/f0cae/8b96c6b3ac,/1e19b0c5cf7f2a849#Human
—

http://kmi-web5.0pen.ac.uk:81 /cache 0,339/ c2ff/21d76,/1013cd189¢/ 557c6d296bdc695 7c#Human

http:/ /onto.cs.yale.edu:8080,/'umls /UMLSInDAML /NET /SRDEF#Human

subClassOF Mammal | Add relation from human

http:/ /kmi-web05.0pen.ac.uk:81/cache/9,/2b9/d184/eecdc/efe52eab51,/d0b87fI86918a8 1c4#Human
—

http:/ /kmi-web05.0pen.ac.uk:81/cache/8,/6e8/368c/58d32,/e93217caes,23bc158d81684b28c#Human
—
http:/ /edge.cs.drenel.edu/assemblies/ontologies/woolly /2004 /06, flows.owl#Human

Add relation from human

subClassOf  Material

Add relation from human

disjointWith Liquid

T | @l schema |
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http://www.neon-toolkit.org/
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FSDAS Application — Matching Requireme

Web-based application
= For end users
= Ubiquitous access

Rich client application
= For ontology engineers
= Rich set of tools

Realized as bundle of
= NeOn Lifecycle services
= Loosely coupled services
= Tightly coupled
components

NeOn backend

infrastructure
= Based on OSGi / Eclipse
= Core ontology services
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Summary AT
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= Wide spectrum of types of ontologies 0
<C
= Wide spectrum of ontology-based applications
= Generic Architecture
= Guidance for the design of ontology-based applications
* For use cases where ontology usage and engineering are
intertwined at runtime = dynamic feedback loop
= NeOn Toolkit
= Reference implementation of generic architecture
= Reusable lifecycle components
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