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Why do we need requirements?

= Our focus is on “computational ontologies”
An ontology is usually a part of a software system,
performing some specific tasks (through query- or inference
engines)

= Two main perspectives

Coverage oriented ontologies

= The important thing is to cover all the terms of the domain

= Example: Formalizing a domain vocabulary, ontologies used in
IR systems, CYC etc.

Task oriented ontologies

The important thing is to support particular queries or inferences

o g 12 = We have a software in mind when creating the ontology

%) - A e

g A Example: Ontology as a model for querying a DB, ontology for
performing certain inferences etc.
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What are “requirements”™?

= Viewing an ontology as a black box...
what should that box provide?
= Functional requirements
Query results?
Inferences? —
Error checking?

Internal structure,
and content

= Non-functional requirements

Coverage n
Efficiency
A= D tati Overall structure, acceptance
)::) ggﬁif ocumentation => Guidelines and rules for
Aloe s Changeability — extendibility development
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Requirements Engineering
— Competency Questions

=  Competency Questions (CQ) = Natural language questions
that ask for information the ontology should be able to

provide to a user (or system)
Functional requirements

Related to software requirements — “input” and “output” of the
“ontology component” (including query engine, reasoner...)

= Different kinds

Simple lookup queries
= Who are the participants of a certain course?

Expressing inferences or constraints

VB e = Given that people may have children, is a specific person a
"/ “offendliq ¥ grandparent or not?

Adalcvoi claday

OuLib = = Is a person married to two people valid according to Swedish law?
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Requirements Engineering
— Competency Questions (cont.)

= To clarify complex CQs we use
Contextual statements
Inference (reasoning) requirements
= A contextual statement expresses an axiom that needs to
hold in the ontology, in natural language
Every course has at least one participant

A grandparent is someone who has a child who in turn also
has a child

In Sweden you can only marry one person
= Reasoning requirements specify the input and output
data for a reasoning task
We would like to be able to query directly for all the

AA l<v +¥

0Ll o grandparents — classification based on the axiom above

¥ waan . liv.8¢
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Requirements Engineering
— Non-functional Requirements

= Coverage

How important is the coverage of the domain?
How will the ontology be updated?

= Efficiency

What OWL profile to use?

Reasoning off-line or online?

Query optimization, e.g. not requiring inferences
= Documentation

Labels and comments?

Naming conventions

2 “?wi‘ = Changeability — extendibility

T Should future extensions be prepared for?
: Alignment to online ontologies, standards?
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Trade-off: Software vs. Ontology

= What functionality is going to be put into the software and
which is going to be part of the ontology?
An OWL reasoner is nothing more than general-purpose
code for processing data — why not use specific code in our
system instead?

= Ontology pro:s
The ontology makes assumptions explicit

The ontology can be changed at runtime without changing
the code (or with minimal changes)

The reasoning procedures are sound and well-defined, and
they are reused for all inferences

Hﬂ?u« pcl T

):2) -Afas ez =  Software pro:s
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How does city relate to country 7 ( Ask Scarlet! )

Examples:

Relation types: Strategy: Other parameters: River vs. waterway
™ Types Use one ontology @ Find first relation Cocaine vs. narcotic
U Inheritance 8 Use more ontologies -/ Find all relations Water vs. Solid

) Disjointness ) Use inheritance depth | 1 Branch vs. Tree

Coal vs. Industry
Fish vs. Lobster
Cholesterol vs.
OrganicChemica
Apple vs. Meat

) Named Relations

city and country appear together in 54 ontologies.

The following relations were found:

oty suociass county o (City - subClassOf -> country

Because:
City - subClassOf -> Count
In: http:/Awww.simondfraser.co.uk/geo_ont.daml
County - subClassOf -> Country
In: http://Awww.simondfraser.co.uk/geo_ont.daml
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What we can do with OWL

= ... (maybe) we can check the consistency,
classify, and query our knowledge base

m ... but, remember the Scarlet example
o City subClassOf Country

m Logical consistency is not the main problem

o e.g. owl:sameAs can be wrongly used and still
we have consistency

s Why is OWL not enough?

OWL gives us logical language constructs, but does not give us any
guidelines on how to use them in order to solve our tasks.

E.g. modeling something as an individual, a class, or an object property
can be quite arbitrary

Department of Computer and Information Science (IDA)
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Solutions?

= OWL is not enough for building a good ontology,
and we cannot ask all web users neither to learn
logic, or to study ontology design

= Reusable solutions are here through Ontology
Design Patterns, which help reducing
arbitrariness without asking for sophisticated
skills ...

= ... provided that tools are built for any user ©

[ o partof |

artype rartype
[ @ owlTransitiveProperty | | @ owl:ObjectProperty |

I ©) BiologicalProcess ] I ¢ MolecularFunction I I ) CellularComponent
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Ontology Design Patterns

(Solution Space )

é Ontology Design
Pattern

Ontology Design }o
Pattern
Pattern

Ontology Desjs= Qntology Design
Pattern [ Ontology Design

An ontology design
pattern is a reusable
successful solution

S o a recurrent modeling (S8 (o)
| problem —— e

M
vard S - oV -4

matches
matches

[

Problem Space \ \ )

““““ competengy
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Logical ODPs

m Definition

A Logical ODP is a formal expression, whose only parts are

expressions from a logical vocabulary e.g., OWL, that solves
a problem of expressivity

= Logical ODPs are independent from a specific domain of
interest

i.e. they are content-independent
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Logical ODPs

m A Logical ODP describes a formal
expression that can be exemplified,
morphed, and instantiated in order to
solve a domain modeling issue

s owl:Class: :x rdfs:subClassOf
owl:Restriction:_:y

m Inflammation rdfs:subClassOf (localizedIn
some BodyPart)

m Colitis rdfs:subClassOf (localizedIn some
Colon)

m John’s _colitis localizedIn John’s _colon
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Exa

mple: N-ary relation

= Chad Smith was the drum player of Red Hot Chili
Peppers when they recorded their album Stadium
Arcadium from September 2004 to December 2005.

= A person plays a certain role in a band during an album
recording, taking place during a certain time interval

= N-ary relation:

Department of Com

PlaySituation(Person, MusicianRole,
Band, Album, Timelnterval)

How can we express this in OWL with
only binary relations?

puter and Information Science (IDA)
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Transformation ODPs
Example: N-ary relation

) MusicianRole & Album @ Band

/b::: rAlbum inBand

) PlaySituation

Pt sleori pc T

- ar vt —
fm( f = AcordingTime personPlaying
Ada l(h*‘¥ \ " - ™ ™
OuLib - timeinterval: Timelnterval ,|. &) Person .l,
UAAM, 1 v.\¢ .-
‘,, ;@«GSUN% : ! L] 1
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Transformation ODPs
Example: N-ary relation

) ClassArgumentl

¢ ClassArgument3

.~

¢ ClassArgument4 ¢ ClassArgument2
re tatjonl telation3 /

relationd

relation?

& NaryReIatlon
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B ConcoooPs (CPy

= CPs encode conceptual, rather than logical design
patterns.
Logical ODPs solve design problems independently of a
particular conceptualization

CPs are patterns for solving design problems for the
domain classes and properties that populate an ontology,
therefore they address content problems

= CPs are instantiations of Logical ODPs (or of
compositions of Logical ODPs), featuring a non-empty

: signature
"*2;1‘: Hence, they have an explicit non-logical vocabulary for a
N~ specific domain of interest, i.e. they are content-
: ‘;‘Zs’u”zvi% dependent
;Aﬂ * t’ Department of Computer and Information Science (IDA)
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Catalogues of CPs

= Content ODPs are collected and described in catalogues
and comply to a common presentation template

initiative maintains a
repository of CPs and a semantic wiki for their

description, discussion, evaluation, certification, etc.

= The
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Ontology Design Patterns . org (ODP)

OntologyDesignPatterns.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

= The 2nd Workshop on Ontology Pattems to be held on November 8, in conjunction with ISWC2010. Submission deadline extended to September 1st!

= eXtreme Design camp in Bologna

Navigation

Contribute

List of Patterns
You can find lsts here, detailing all available ontology design patters.

@ Submit Pattern
) Start here if you want to submit an ontology pattern.

Pattern types

Ontology pattems are of several types. Here are details about pattem

Post Modeling Issue

If you have an unsolved modeling problem you wish to share with the

) Modeling Issues
- See all loaded modeling issues. Modeling issues are linked to ontology

patters that solve a defined problem.

Training Area
Leam about ODPs!

types and their taxonomy. community, post it here!
Domains Submit an Exemplary Ontology

S 75> Ontology pattems can cover, or be related to, a particular domain. 5 Start here if you want to submit an exemplary ontology
Here is a st

(D Post Review About a Pattern

4 Review a submission to contribute to the certification process.

5% Post Your Feedback

@ If you have issues about the web site, cant find information you need,
or simply wish to propose enhancements, you can give feedback here
about the ODP portal,

Events
(“)
(890 ee st of vents eatedto ontology design pattems.

Reviews

oA
())  Here you can browse both open reviews and quality committee

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

News

{ \) Latest ODP News!

2nd Workshop on Ontology Patterns (WOP) accepted at ISWC 20)
29 May 2010 12:12:43 - by EvaBlomauist

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!¢4
23 May 2009 11:11:32- by EvaBlomqvist
The Loreley of Ontology Design Patterns &
2 April 2009 10:10:52- by VioletaDamjanovic

EvalWF has been released &
21 October 2008 12:12:59 - by EnricoDaga




Pragmatic characteristics of
CPS

Domain-dependent
Expressed with a domain-specific (non-logical) vocabulary
= Requirement-covering

Solve domain modeling problems (expressible as use-cases, tasks
or “competency questions”), at a typical maximum size (cf. blink)

= Reasoning-relevant components

Allow some form of inference (minimal axiomatization, e.g. not an
isolated class)

m  Cognitively-relevant components

Catch relevant core notions of a domain and the related expertise --
blink knowledge

= Linguistically-relevant components

Are lexically grounded, e.g. they match linguistic frames, or at least a
domain terminology

= Examples:

Patl leori pch vT
\ -Afar e

) Zotewilis o PartOf, Participation, Plan, Legal Norm, Legal Fact, Sales Order,
AmSEREE Research Topic, Legal Contract, Inflammation, Medical Guideline,
0aLiL . . .
YW FRCI £ Gene Ontology Top, Situation, Timelnterval, etc.
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Sample Specialization

) ActingRole

) Role
objectrole:Role ] I &2 isCharacterPlayedBy all Person
hasRols
owl:allyaluesFronowl.onPrizperty
isRoleOf ) Person I I (MM isCharacterPlayedBy
sRoleO1

@) Object

rdfs:sulpClassOf rdfs:subPgopertyOf

I objectrole:Object | | 1 objectrole:isRoleOf

= A content pattern CP2 specializes CP1 if at least one

ontology element of CP2 is subsumed by an ontology
= element of CP+

P o i.e., either by rdfs:subClassOf or rdfs:subPropertyOf

Adalcvoir , claday
0aL'L
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Composition

= The composition operation relates two CPs and results
into a new ontology

= The resulting ontology is composed of the union of the
ontology elements and axioms from the two CPs, plus the
axioms (e.g. disjointness, equivalence, etc.) that are
added in order to link the CPs

= The composition of cps and cp. consists of creating a
semantic association between cp, and cp. by adding at
least one new axiom, which involves ontology elements
from both cp, and cp:

\ ez
") T Offewdliq &t . “ : ”
ey = Typically, also new elements (“expansion”) are added
OaLl'L

T when composing

G2+ GG U v,
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General Content ODPs

= Roles of objects

= Classification

= Part-whole relationships
Membership

Information and its realization
Sequences

Topics

Time

Places

Moving

Plans

Events

Descriptions and Situations

| Pt cleori pca T
\ -Afa e
4 ~Offewdliq v

Adalcvoi claday

0aL'L
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Example: Roles of objects

= Objects can play different roles in different situations

= Depending on the constraints given by the requirements,
modeling of objects and their roles can be addressed
differently

= Do we want to represent properties of roles?
= Do we want to classify objects based on their roles?
= Do we want to assert facts about roles?

ALE

N waara . iv.Kc
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Roles of objects

= A beer mug used as vase

= Books used as table’s legs
= A sax player (person)
= A song writer (person)

Nzt leori pca T

\ -Afa e
3 *o/d(»wA(fS et
Adalcvoi claday
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Person l Mug

SongWriter l Vase

1st ODP: Roles as classes

Books ’

Nzt leori pca T
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1st ODP: Roles as classes

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

= rdf:type 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

Person

rdf:type

,tU l<v +¥

Oal' \)1
N T TPV I AN
@es UNI[;& rdf:type SaxPIayer
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Person

= Consequences rdtype e
Low expressivity
Roles are described at TBox level
Class taxonomy is bigger - a class for each role
Class taxonomy is entangled - multi-typing
ABox is smaller — same individual, several (role) 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 expressed e.g. “Roles in
UniBo can be student, professor researcher’, “Valentina

is teacher for KMDM course”
. Queries: ?x a SongWriter
D) A e s = General CQs

Adalcvot  clalay

oL, What things have a certain (role) type?
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2"d ODP: Roles as individuals

Person > Role BeerMug > Role
hasRole — 1 usedAs
; rdf:type rdf:type
Books > Role Person > Role
usedAs _ hasRole

T

«;w 5 W; =, T | rdf:type rdf:type
ke D -

f St

) -Aflas et

) ~Offewiliy &t
= Adalcvote, LY
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2"d ODP: Roles as individuals

= 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

Person > Role ‘
A hasRole

rdf:type

s i O hasRole

) - otfenilis i

Atalcveir,

hasRole
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2"d ODP: Roles as individuals

J >

Person >
‘% hasRole

= Consequences
More expressive
Roles are described at ABox level
Class taxonomy is smaller — roles are individuals
Abox is bigger

Facts on roles can be asserted

Roles can be indexed in terms of time and space - through n-ary
relations

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

= kmdm_teacher involvesPerson Valentina
= kmdm_teacher involvesRole teacher
= kmdm_teacher involvesCourse KMDM
Valentina hasRole teacher
o Roles do not type objects, no automatic classification of objects
Queries: ?x hasRole ?y; ?x a Role
0 General CQs

o What roles does an object have? What things have a certain role?

Department of Computer and Information Science (IDA)
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34 ODP: Roles as properties

Flowers >
vase
Table ES
legs
Song - >
writer
Instrument >
player

Department of Computer and Information Science (IDA)
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34 ODP: Roles as properties

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

= Objects 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

Song - > Person
writer

writer

U.
@:\GS NI%
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34 ODP: Roles as properties

= Consequences
o Smaller taxonomy of classes
o Bigger taxonomy of properties — a property for each role

o Simpler graph of data — one triple for “Valentina is teacher
for KMDM course”

m Valentina teaches KMDM

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 expressed

Queries: ?x teaches ?y

= General CQs

O 0O O O

Pt sleori pca vT

Song _ »  Person
writer

SORA - A e

- ofedlis 7 2 Who did something?
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ODPs for Roles of objects - Summary

= The three solutions differ in expressivity, simplicity, and
CQs
Simplest is roles as properties
Most expressive is roles as individuals
Least expressive is roles as classes

= Each of them has pros and cons
= The choice depends on requirements
= What about combining them?

[\ - Ratlsleoripcla v
W\ - Aflar v

"/ ~offewdliq ¥
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Combining roles as instances with roles as
classes

= Aclass Role
= A class for each Role e.g. SaxPlayer

= A property restriction on classes representing roles, for
automatic classification

Person > Role 1

SaxP

hasRole value sax_player

Department of Computer and Information Science (IDA)
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...and add roles as properties

= Note the restriction on property writerOf

Person > Role
hasRole

writerOf

Song

hasRole

writerOf
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OaliL = hasRole value sax_player writerOf some Song
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Indexing roles in terms of time and
space

atPlace

SongWriting

involvesRole
duringPeriod

involvesPerson

involvesSong
Y Y
Place xsd:date Song

Person ,
writerOf e
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Indexing roles in terms of time and
space

» Place [<
Bl atPlace
xsd:date < SongWritin |
duringPeriod grre| involvesRole
rdf:type A
involvesPerson
rdf:type
involvesSong
NewYork 1960 e
A A Y | Y | Y
< Person —> Role
SoTQQ‘ writerOf A—]* hasRole A
A
duringPerigd
atPlace
rdf:type
ok | o
involvesSong writerof rdf:type
) «Aﬂzuu(’j“-\» " wl
i 4 ;Cﬁ‘lgvfsf 5 tﬂ involvesPerson
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»
>
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Content ODPs for roles of objects

= The general pattern is called “classification”

= Object-Role and Agent-Role
OWL pattern representing roles as individuals

= Time-indexed person role-pattern

= Time-place-indexed object-role

Ll it N-ary relation representing an objects, the roles it plays at a

o) Azt certain date in a certain place
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Methodologies
- Exemplified through XD
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Ontology Engineering Methodologies

= Mostly focus has been on overall life-cycle and “model” of
the methodology — rather than how to actually perform it

= Few are focused on reuse and the networked nature of web
ontologies

= One of the most cited:

Ontology development 101 — Noy & McGuinnes (2001)
= Pre-OWL methodology

= [raditional in the sense
It doesn’t have a specific task focus
It is a waterfall like method

= Although detailed in some steps, no details on requirements or

: testing etc.
e = Basic steps for modelling
e (1) Domain an scope (2) Consider reuse (3) Enumerate terms
R - (4) Develop class hierarchy (5) Define the properties
> *;*QS'U“N;V o (6) Define restrictions and constraints (7)Create instances
o .
t’ Department of Computer and Information Science (IDA)

Link6pings universitet, Sweden
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Example: METHONTOLOGY (~1997)

= Waterfall-like process consisting of (overlapping) phases

Specification — document requirements, scope, level of
formality etc.

Knowledge Acquisition — gathering and studying sources
of information

Conceptualization — structure the terminology identified in
1, going from glossary to logical formulas

Integration — find and select other ontologies to reuse
Implementation — represent in formal language using tool
Evaluation — verification and validation

Documentation
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= Intended for
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Example: DILIGENT (~2004)

= Based on theories for argumentation
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User 1
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Ontology
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o Empowering domain experts in ontology engineering
o Continous and distributed construction and update

Analysis & revision
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The NeOn Methodology (2006-2010)
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= Seven scenarios for ontology englneerlng

©0J0)
®®

[ Ontological Resource ]

Reuse
®®

-
0. Desngn Patterns | : 0. Reposﬁones and Reglstnes

|
|
ik 1
| | | = | | I
K = S0 I| Flogic il
C';ii';';z‘;m Taxonomies Thesaur ||| | | | d’{b RDF (5) !
7" VJ:|| e | fbfb OWL |
|

4 ' . | |
Non Ontological Resource Ontology Design @ ©. Aligning
Reuse Pattern Reuse @ :
\ J @ 0. Merging
@ [Ontological Resource ] ¢'

~ Reengineering
Non Ontological Resource

! |

: |
Reengineering @ @ i % i
O B |
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Why the name “XD"?

= Inspired by XP © with focus on design
= An agile methodology for web ontology design
= ltis part of the NeOn methodology

THE NEW SYSTEM IS
A MINUTE OLD AND
I ALREADY HATE
EVERYONE.

FIRST,PICK A
PARTNER. THE TWO
OF YOU WILL WORK
AT ONE COMPUTER
FOR FORTY HOURS
A LWEEK.

WE'RE GOING TO TRY
SOMETHING CALLED
EXTREME PROGRAM-
MING.
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.’fﬂ'a} © 2002 United Footure Syndicate, Inc

www.dilbert.com scottadams®aclcom

ALE

v waanm . lio.8€

Copyright @ 2883 United Feature Syndicate, Inc.

Department of Computer and Information Science (IDA)
Link6pings universitet, Sweden

August 17, 2012




ward §
\AP‘:\J

¢ N2
G

- Ratlleoripca T
\ -Aflar et
"/ Toffewdlig =¥
Adalcvoi  claday

0aLiL

¥ waam . li0.8¢

XD principles

= Customer involvement and feedback

= Customer stories to derive CQs (+ contextual statements,
reasoning requirements)

I CAN'T GIVE YOU
ALL OF THESE
FEATURES IN THE
FIRST VERSION.

scottadams ®aol.com

www.dilbert.com

A)

AND EACH FEATURE
NEEDS TO HAVE
WHAT WE CALL A
"USER STORY."

ilislo3 © 2002 United Pasturs Syndicats, Inc

e —————

i O

OKAY,HERE'S A
STORY: YOU GIVE
ME ALL OF MY
FEATURES OR T'LL
RUIN YOUR LIFE.

Copyright 9 2883 United Feature Syndicate, I|nc.

= CP reuse and modular design (ontology networks)
= Collaboration and integration

= Task-oriented design
= Test-driven design

= Pair design

Department of Computer and Information Science (IDA)

Link6pings universitet, Sweden

August 17, 2012

THE TWO OF YOU WILL
BE A CODE-WRITING
TEAM.

E pu W)

www.dilbert.com  scottadams®@aotcom

STUDIES PROVE THAT
TWO PROGRAMMERS
ON ONE COMPUTER

IS THE MOST PRODUC-
TIVE ARRANGEMENT.

.iuicﬁg © 2002 United Foature Syndicate, Inc

SOMETIMES I CAN
WHISTLE THROUGH
BOTH NOSTRILS. I'VE
SAVED A FORTUNE

IN HARMONICAS.

Copuright @ 2083 United Feature Syndicate,
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XD Summary

= XD is an agile method — start building small modules that
solve a few requirements, then add more, we don’t
decide on all the requirements at once

= Testing is essential — by figuring out the test you figure
out how the model should work!

= Collaboration is essential

= Many problems are resolved in the integration phase —
alignments or refactoring?

Need for good overall design policies
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