dew Ioa({brsﬁ“M-EVEC\ dkujO(dt’v\.
W % 0’/
deb frane onladar giue W35 ~NAT

el (\QJ {\.»\»\( “. O -

1€ the Sowme

| wouder ho

cownver &4
O.

Ontology Engineering
for the Semantic Web and
beyond...

OATRY Qf
‘&7‘3 <1 ¥

Eva Blomqvist “
Department of Computer and Information Science (IDA) | ?/{l;] ‘

Fic 19§ |<m

2012-01-17

eaw X O_tu'« c\ountent

M'\ w*\\) SCrvud

i} oSl \/NB\/L ’f\r $W L pcmoxw. | ‘\

OtV Secvo
e MR S B 2 N - e . m? Quae Trugieev( / A SEIROSES




WHAT'S THE
DIFFERENCE
BETWEEN WEB 2.0

Outline Q:ANDWEBB.O?

» About me

» The Semantic Web

» Ontologies

» Ontology Design Patterns
» eXtreme Design

» My research at IDA
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About me

» Studied at LiU’s D-program 1996-2003
» PhD student at Jonkoping University — registered here at IDA
Defended my thesis in April 2009
“Semi-automatic Ontology Construction based on Patterns”
» Postdoc at the Semantic Technologies Lab, ISTC-CNR in
Rome, Italy (20 months)
Mainly worked on two large European projects: NeOn and IKS
eXtreme Design
» Quick stopover in Jonkoping 2010-2011 — mainly teaching
» Since July 2011 — “Forskarassistent” at IDA
Financed by SecurityLink
Improve decision support by means of semantic technologies
Applications in security and crisis management
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The Semantic Web

» Original vision [6]
Agents operate on our behalf on the web
Based on the “machine understandable
web”

» How could this work?

Content on the web has to be created
differently than normal web pages — not
only machine “readable” but
“‘understandable”

Semantics (meaning) has to be encoded within the pages, in order
to allow software (agents) make use of all the information

We need to be able to identify everything — also things outside
the web — in order to talk about them — URIs

© Greg Lambert
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The Semantic Web — Are we there?

» Standard languages for expressing data and semantics on the
web, as well as query the data

RDF(S), OWL, SPARQL, RDFa, ...
» Tons of data [7-9]

Linked data initiative
— publishing RDF data according to
some simple guidelines

> But...
Few datasets make use of expressive
ontologies
» People find it hard to build them e
Only a few existing ontologies are i s

reused and few ontologies are linked
» Ontology alignment is a key

Still too complex to publish “semantic content”
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The Semantic Web — Are we there?

» Standard languages for expressing data and semantics on the
web, as well as query the data

RDF(S), OWL, SPARQL, RDFa, ...
» Tons of data [7-9]

Linked data initiative
— publishing RDF data according to
some simple guidelines

> But...
Few datasets make use of expressive
ontologies
» People find it hard to build them e
Only a few existing ontologies are i s

reused and few ontologies are linked
» Ontology alignment is a key

Still too complex to publish “semantic content”
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What are ontologies?

» The things that encode the meaning
of something on the Semantic Web

» The thing that defines the “tags”

» Practically: an online file containing
expressions in a logical language,
most probably OWL, defining some

concepts and relations used by data
on the Semantic Web

» More philosophically
» A model of the world (or some hypothetical world)
» Challenges
» Several traditions create diverse opinions — and disputes
Focus on “philosophical correctness” or functionality?
» Focus on coverage or task?

“Nowl ... That should clear up
a few things around herel”

\ 74

Department of Computer and Information Science (IDA)
Linkdpings universitet, Sweden

January 16, 2012 Page 9



Let’s kill the myths...

» Ontologies are a new thing?

» Not even computational ontologies are a new thing (c.f. expert
systems, Al etc.) — What is new is that we have standard languages
and share them on the web => “critical mass” of models and data!

» Ontologies have come to make DBs obsolete?

» You can do the same things with many DBs (c.f. deductive
databases etc.) — Ok, it is more expressive than a traditional
relational DB, but can be used to similar things, just in a more
“webby” way. Many triples stores (storage for ontology data) use
DBMS at the backend for efficiency.

» It's not a scalable approach on the web?

» We are still to see a truly scalable reasoner over OWL, but
with localized reasoning etc. it usually works in practice.
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Ontology Design Patterns
— Why?

» When the web exploded it was because
everybody could create their own website in an afternoon!

» The Semantic Web is not that easy... not even for developers
» You don’t need to understand the formal semantics of the Java
language in order to start using it — you start from examples

» Similarly, ontology engineers want to care only about what they
need and use good examples in order to start modelling...

» ... but examples should show high-quality solutions

» Reuse of complete ontologies has been encouraged
— but seldom works well
» We all have different requirements and viewpoints
» We often just want to reuse a small piece of the model
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Ontology Design Patterns — What?

» Typical solutions to design, transformation, or usage problems
in ontology engineering — (ideally) based on best practices

» Different types of ODPs

Logical ODPs [11-13] — independent of any conceptualization
(logical templates “without signature”)

» Example: n-ary relations

Content ODPs [13] — instantiations of Logical ODPs in a certain
domain (templates with signature — domain may be very generic)
Correspondence ODPs — transformations and correspondences
between different modelling styles, languages, etc.

Presentation ODPs — annotation schemas for documentation,
naming conventions, etc.
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Content ODPs - Example

» Common way to model roles... “roles as classes”

Person
rdf:type
rdfs:subClassOf
tdftype SaxPlayer '

» An object and its roles are related through the rdf:type property

» rdf:itype relations can be either asserted or inferred through
classification

» In order to automatically classify individuals in a certain Class
the ontology has to define appropriate axioms y
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Roles as Classes

Person

» Consequences — rdf-type
Roles are described at TBox level P e

. . rdf:type
Class taxonomy is bigger - a class for
each role

Class taxonomy is entangled - multi-typing
ABox is smaller — same individual, several (roles) types

Automatic classification of individuals through
rdfs:subClassOf inheritance — with proper axioms

Roles cannot be indexed in terms of space and time

Facts about roles cannot be easily expressed e.g. “Roles
in LiU are student, professor researcher”, “Eva is a
teacher of the IR course”

Queries: ?x a SongWriter

SaxPlayer




Roles as Individuals

Person 3 Role
hasRole

» An object and its roles are
related through domain-specific relations

» Relations between an object and its roles have to
be asserted

» Automatic inference of relations between an object and its roles
can be obtained through property subsumption

rdf:type

Person >
hasRole

rdf:type

hasRole

‘expanding reéll'.tv){”\ §\ e



Person | > Role
T | hasRole .

Roles as Individuals

rdf:type

hasRole

hasRole

» Consequences
» Roles are described at ABox level
Class taxonomy is smaller — roles are individuals
Abox is bigger
Facts on roles can be asserted

N-ary relations are needed for relating an object to its role with
respect to some other object e.g. Valentina is a teacher in a specific
course

Roles do not type objects, no automatic classification of objects
» Queries: ?x hasRole ?y; ?x a Role

‘7’ ‘77 \ ‘7’




Roles as Properties

Song > Person \
writer

Instrument > Person |
player

» The semantics of “having a role”
is embedded in the name of a property

» QObjects are not explicitly related to their roles, they are related
to other things through a property expressing an action they
perform, a role they play

» Most common pattern in the web of data for modeling roles

TN\
L 1 C\ e ; . * (

= ?;"

Song

writer

writer

20254
(D]
—
o
C:

TJ
o
5:%
oty
>
[~



Roles as Properties

» Consequences
» Small taxonomy of classes
Bigger taxonomy of properties — a property for each role

Simpler graph of data — one triple for “Eva is a teacher in the IR
course”

Roles cannot be indexed in terms of space and time
Semantics of roles is implicit (embedded in a property name)
Facts about roles cannot be easily expressed

Queries: ?x teaches ?y
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Content ODPs — Example: Roles

» The three solutions differ in expressivity, simplicity, and
requirements they can solve

» Simplest is roles as properties
» Most expressive is roles as individuals

» Each of them has pros and cons - The choice depends on your
requirements

» Correspondence ODPs can tell you how to transform btw them
» Can also be combined...

Person | > Role
ﬂ_] hasRole

SaxPlayer

-
~~o

hasRole

hasRole value sax_player




The ODP Portal [13]

» One of the catalogues
collecting ODPs

» Open online community
— anyone can contribute

» Content ODPs for roles

of objects

» Object-Role

navigation

= Main page

= List patierns

= Pattern types
= Modeling Issues
= Domains

= Training

= Events

contribute

= Submita pattern

= Submit an exemplary
ontology

= Posta modeling issue

= Review a patiern

= Feedoack about the
portal

= Request an ODP
account

help
= About ODP
= Whats a pattern?
= Whatis an exemplary
ontology?
= How to post a pattern
= Training

catalogues

= Content ODPs

= Reengineering ODPs
= Algnment ODPs

= Logical ODPs

= Architectural ODPs

= Lexico Syntactic ODPs

[ ontology design patterns . org (odp) | [ discussion [ view source | [ history

% Logn

= Exemplary Ontologies

quality committee
= Posta Review

Ontology Design Patterns . org (ODP)

OntologyDesignPattems.org is a Semantic Web portal dedicated to ontology design patterns (ODPs).

The portal was started under the NeOn project &, which still partly supports its development.

What's new

= A VoCamp-related event on ODPs was held on October 28-29 2011 in Paris &7
= Several ODP-related presentations at ISWC 2011, e.g. in the Formal Ontologies and Pattems session &

Navigation Contribute
% : List of Patterns @ Submit Pattern
You can find lists here, detailing all available ) Start here if you want to submit an ontology
ontology design patterns. pattern.

Pattern types

Post Modeling Issue

Ontology patterns are of several types. Here
are details about pattern types and their
taxonomy.

Domains

Ontology pattems can cover, or be related to, a
particular domain. Here s a list.

-\ Modeling Issues
‘ See all loaded modeling issues. Modeling

issues are linked to ontology pattemns that
solve a defined problem.

If you have an unsolved modeling problem you
wish to share with the community, post it here!

Submit an Exemplary Ontology

Start here if you want to submit an exemplary
ontology.

(D Post Review About a Pattern

Review a submission to contribute to the
certification process.

Post Your Feedback
@ If you have issues about the web site, can' find

you need, or simply wish to propose

Training Area
Learn about ODPs!

Events
L85 oo a it of ovents related to ontology design
patterns.

contentop publishers
= Create a catalogue
entry

editorial board

Reviews

d_/ Here you can browse both open reviews and
quality comittee reviews.

enhancements, you can give feedback here
about the ODP portal.

/) Request Account
[ 1) To make changes to the ODP wiki portal, you
need to be logged in...

News

\) Latest ODP News!

Pattern Camp - Paris &
22 November 2011 08:08:23 - by EvaBlomavist

ODP Seminar in Lim&Bio Lab - Paris 13 University -
16th June 2011

27 October 2011 23:23:04 - by RimDJEDIDI

2nd Workshop on Ontology Patterns (WOP) accepted
at ISWC 20101

29 May 2010 12:12:43 - by EvaBlomavist

VOCamp In Paris - #vocampparis2010

6 April 2010 13:13:28 - by FrancoisScharffe
Collaborative eXtreme Design Camp in Bologna &
13 February 2010 13:13:39 - by AldoGangemi

New pattern type: Lexico-syntactic ODPs &

8 February 2010 10:10:24 - by EnricoDaga

Vocamp @ Washington D.C. supported by WOP &
30 June 2009 15:15:34 - by ValentinaPresutti

Workshop on Ontology Patterns (WOP) accepted at
ISWC 2009! &

23 May 2009 11:11:32 - by EvaBlomavist
The Loreley of Ontology Design Patterns &

» OWL pattern representing roles as individuals

>

» Time-place-indexed-object-role

» N-ary relation representing objects, and the roles they play
at a certain time in a certain place

>
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eXtreme Design — Why?

» We wanted...
Something radically different from existing methodologies
Something more suitable for ODP reuse

» Classical ontology engineering methodologies are
Waterfall style
Not very detailed
Do not focus on collaboration
Do not focus on requirements and their verification

» So what would be the opposite?
An incremental methodology
With detailed steps for the actual design process
Where small teams collaborate to create the ontology piece by piece

Where the problem is broken down into small pieces, each with thelr |
own requirements that are later tested and verified =

Department of Computer and Information Science (IDA)
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Project

idea

vty

Design tea

vy

Design tea

%

Design pair

Integration teany

—

requirement stories

_____________________ “does something” and
the ontology will be 2

Project initiation

and scoping eXtreme Design [1]

Identifying CP cp S — What"
tic Web
catalogues catalogues

» To some extent
0ustomer inspired by XP

» Applies a divide-and-conquer
paradigm (even requirements)

Collecting

Selecting
story

?

|

|

|

|
Eliciting : » “Pushes” the hard decisions

requirements and | . .
constructing i to the integration and
o4 | refactoring process
1o > Benefits? Early on you
Releasing stories

module(s) | have an ontology that

|

Integrating partial
solutions, evaluating
and revising

highly modulari_‘ 1

Releasing
new version of
Ontology Network

Ontology L 4
Network A g

Customer
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XD - Studies and Results

» Three rounds of studies
Subjects: master and graduate students, researchers
Setting: mainly courses and conference tutorials

» First round: Do ODPs make a difference? [3]

Quality of ontologies is increased — primarily with respect to the
usability dimension

They are somewhat difficult to understand and use — tool support?
» Second round: Does XD add anything? [4]

Mandatory testing increases quality in the functional dimension

With tool support learning curve looks better |
> Third round: How to arrange the collaboration and integration? =&

Ongoing work... im
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Current Research at IDA

» How can ontologies and Semantic Web technologies help us
make better decisions?

Good decisions are essential in security
and crisis management scenarios

» Potential tasks
Information filtering and integration
Information enrichment

Detecting “patterns” in data — analysing
the situation

Tracking and sharing decision information
— metalevel [2]

» For all these tasks we need appropriate ontologies

What ODPs apply?
How can developers use them to build effective applications?

Large dynamic and evolving datasets

OVERFED
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Current research at IDA — Application Example

» Demo application with Jordbruksverket

» Analysing the situation for “plant protection” — detecting
potentially dangerous situations in our farmland

Online data

“Triplification”

+ stream generation

:

January 16, 2012 Page 25
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Research Interests in Summary

» Semantic Web and Linked Data
» Ontology Engineering
» Publishing Linked Data
» “Open government”
» Ontology-based applications

» Security and Crisis Management
» Information-intense situations and applications
» Complex event processing and situation awareness
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Management by the Masses, Lisbon, October 11-15, Lecture Notes in Computer
Science, Springer, 2010.
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design. In: Proceedings of the 5th International Conference on Knowledge Capture
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ACM, 2009.

Blomqyvist E.: OntoCase-Automatic Ontology Enrichment Based on Ontology
Design Patterns. In: The Semantic Web - ISWC 2009, 8th International Semantic

Web Conference, ISWC 2009, Chantilly, VA, USA, October 25-29, 2009.
Proceedings. pp. 65-80, Lecture Notes in Computer Science, Springer, 2009.
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Useful Links

[6] Original article from 2001 with the Semantic Web vision:
[7] TED-talk by Tim Berners-Lee on linked data:

[8] Linked Data initiative:

[9] Article on Linked Data:

[10] Semantic Web tutorial from ISWC2008 (set of talks — good introduction by
Jim Hendler talking about the different perspectives on ontologies):

Ontology Design Pattern catalo?ues
[11]  Initial catalogue of Logical ODPs (for OWL1) from the W3C:

[12] Logical ODPs from Manchester University:
[13] The ODP portal (different types of ODPs):
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