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Questions

« How can we represent an ordered list?

— E.g. want to describe a bus route, how can we represent the
sequence of stops?

« How can we add information to a relation (property)?

— E.g. need to set a confidence value to the relation

« How do we represent lists of values?

— E.g. a fixed list of airline models
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Topics
« N-ary relations
— How can we say more about a relation instance?

« Classes as property values

— What do we do if we need to use a Class as a property value?

« Value partitions and value sets

— How do we represent a fixed list of values?
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Topics

e N-ary relations

 Classes as property values

« Value partitions and Value sets
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Binary Relations

« In RDF and OWL, binary relations link two individuals, or an
individual and a value

Holbein the Elder |  Ye2rofbirth ‘
J g 1460

fat of

Holbein the Younger J

« The properties year-of-birth and father-of are binary relations
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Relations with additional info

« In some cases, we need to associate additional info with a
binary relation

— Eg certainty, strength, dates

« For example, Holbein the Elder’s date of birth is unconfirmed

— He was born in either 1460 or 1465

— How can we represent this uncertainty?

year-of-birth

Holbein the Elder | 1460

certainty-level certainty-level
40 year-of-birth
0) y 4

1465 - 60%
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o N-lary relations link an individual to more than a single individual or
value

° Use cases:

1.  Arelation needs additional info
« egarelation with a rating value

2.  Two binary relations are related to each other
« egbody_temp (high, normal, low), and trend (rising, falling)

3. Arelation between several individuals
« egsomeone buys a book from a bookstore

4. Linking from, or to, an ordered list of individuals
« eg an airline flight visiting a sequence of airports

. Pattern 1: Creating a new class or relation
—  Use for cases 1, 2, and 3 above

. Pattern 2: Sequence of arguments
— For case 4
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To represent additional information about a
relations:

— We can create a new class to represent the relation
— The individuals of this class are instances of the relation

— This class can have additional properties to describe more
information about the relation T ILLIR ..
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« Jack has given the film ‘T Am Legend’ a rating
of 8

« We need to represent a quantitative value to

describe the rating relation

e What is wrong with /
. .5
this representation: bereon / P ]
e What will happen
when Jack rates \ film

other films?
[ Jack
Rating
film_rating /
*‘ 8/10 l




Solution for use case 1

rated_object and Computer Science

[ Jack ]7issued_rating—>[ _:Rating_1 ]

P rating

:- - _bgod_e_ - }
| Lnm
rated_object
issued_rating
(allValuesFrom)

(someValuesFrom, functional)

Rating_Relation

rating_value
(allValuesFrom, functional)

(i >




M O O COMP3028-casel Protégé 3.3.1 (file ~ ~ ~

RDF /XML Source Code

File Edit Project OWL Code Tools W

=, [ 2 (B ’ http:/ foswvwy ecs.soton.ac.uk/teaching/COMP3028-casel. owd
NEeE £B6E uvd 9 M p:ff / a/

| ® Metadata (COMP3028-casel.owl) |~ O ¥/ Use XML Entities

CLASS BROWSER M source code

For F’roject: ® COMP3028-casel For i <0wl:0nt°logy rdf:about:""}’)
Sl e 2 (;E; <owl:Class rdf:ID="Film">
<rdfs:label rdf:datatype="&xsd;string”>Film</rdfs: ]
owl:Thing muli </owl:Class>
@ Film (1) O Jac <Film rdf:ID="I_ Am Legend"/>
® Person (1) <owl:0bjectProperty rdf:ID="issued_by">

" Rating_Relation (1)

<rdf: type rdf:resource="gowl;FunctionalProperty” /> |
<rdfs:domain rdf:resource="#Rating Relation"/> 2
<rdfs:range rdf:resource="gPerson” />
<owl:inverseOf rdf:resource="#issued_rating"”/>
</owl:0bjectProperty>
<owl:0bjectProperty rdf:ID="issued_rating">
<rdf: type rdf:resource="gowl;InverseFunctionalPrope
<rdfs:domain rdf:resource="#Person” />
<rdfs:range rdf:resource="#Rating Relation”/>
<owl:inverseOf rdf:resource="#issued by" />

<Person rdf:ID="Jack">
<issued_rating>
Lrdf:Description>

FY One >

<rdf:type rdf:resource="#Rating Relation”/>
<rating walue rdf:datatype="e&xsd;int">8</re
<rated_object rdf:resource="#I_im Legend”/>

<issued_by rdf:resource="#Jack" />
</rdf:Description>
</issued_ratineg>
</Person>

v o

Close
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Use case 2: different aspects of the same

relation
« Steve has temperature, which is high, but falling

« We need to represent different aspects of the temperature that Steve

has
‘ ELEVATED l

temperature_value

/

‘ Steve |— has temperature --‘ _:Temperature_Observation_1 |

temperature_trend

N
‘ FALLING l

Source: W3C



|'/0Metadata (temperature.rdf) I"".OWLCIasses |/-Properties ["'OIndividuals [ = Forms |

CLASS BROWSER
For Project: @ COMP3028-case?2

e

Class Hierarchy

owl:Thing
@ Person (1)
@ Temperature_Observation (1)

INSTANCE BROWSER

For Class: © Temperat...
|""'Asserted f Inferred |
Asserte v € @ X &
O @_A170

Y OF

=)(0N

INDIVIDUAL EDITOR +—-F
For Individual: dperature_Observation) DiCs
*Science
¥ e [E
Property Vi
rdfs:comm...

temperature trend

Yalue

Falling

temperature value

Yalue

Elevated

e a

Asserted Types

@ Temperature_Observati

<

»|

http://www.w3.org/TR/swbp-n-aryRelations/temperature.rdf
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« John buys a “Lenny the Lion” book from books.example.com for $15
as a birthday gift

« No distinguished subject for the relation

— 1i.e. no primary relation to convert into a Relation Class as in cases 1 and
2

Purchase_1

has_buyer has_amount

has_object
John has_seller l

$15

Lenny_The_Lion

has purpose

‘ books.example.com ' \1
I Birthday_Gift |

Source: W3C
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has amount

(allValuesFrom, cardinality =1)
has_purpose

(allValuesFrom)

has_buyer
(someValuesFrom, cardinality =1)

.m has_seller

(someValuesFrom, cardinality =1)

has_object
(someValuesFrom) Purpose



<rdfs:Class rdf:ID="Purchase"/> UNIVERSTY OF
<rdfs:Class rdf:ID="Person"/>
<rdfs:Class raf:ID="Company” /> Southampton
<rdf:Ef'roperty rg§:1D= "has_seiler'b p School of Electronics
<rdfs:range rdf:resource="#Company"/> .
<rdfs:domain rdf:resource="#Pugchgse"/> and Computer Science
</rdf:Property>
<rdf:Property rdf:ID="has object">
<rdfs:range rdf:resource="#0bject"/>
<rdfs:domain rdf:resource="#Purchase"/>
</rdf:Property>
<rdf:Property rdf:ID="has buyer">
<rdfs:domain rdf:resource="#Purchase"/>
<rdfs:range rdf:resource="#Person"/>
</rdf:Property>
<rdf:Property rdf:ID="has purpose”>
<rdfs:range rdf:resource="#Purpose"/>
<rdfs:domain rdf:resource="#Purchase"/>
</rdf:Property>
<rdf:Property rdf:ID="has amount">
<rdfs:domain rdf:resource="#Purchase"/>
<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#float"/>
</rdf:Property>
<Person rdf:ID="John"/>
<Purchase rdf:ID="Purchase 1">
<has_amount rdf:datatype="http://www.w3.org/2001/XMLSchema#float"
>15.0</has_amount>
<has_object>
<Book rdf:ID="Lenny The Lion"/>
</has_object>
<has buyer rdf:resource="#John"/>
<has seller rdf:resource="http://books.example.com"/>
<has purpose>
<Purpose rdf:ID="Birthday Gift"/>
</has_purpose>



South

|"' ® Metadata (purchase.rdf) |/. OWLClasses |/I Properties |0 Individuals [ = Forms |

CLASS BROWSER

For Project: @

Class Hierarchy

owl: Thing
@ Company

» O Object
@ Person (1)
© Purchase (1)
@ Purpose (1)

INSTANCE B...

For Class: @ ..

£

“Inferred
Asserted |

¢ ¢ X ¢
# Purchase_1

Asserte @& @&

O Purchase

INDIVIDUAL EDITOR

For Individual: ¢

(instance of Purchase)

UNIVERSITY OF

ampton

+—F T

B a3 [6 [J Annotations
Property Value Lang
rdfs:comment =
has amount £ 9¢ X has object ¢ @ € has seller ¢ @ &

Value Type | @ Lenny_The_Lion
15.0 float

has buyer ¥ € € has purpose ¢ @ €
@ John ® Birthday_Gift

& & &

@http:ffbooks.example

http://www.w3.0org/TR/swbp-n-aryRelations/purchase.rdf
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« United Airlines, flight 1377 visits the following airports: LAX, DFW,

and JFK

« For such an example, we need to represent a sequence of arguments

flight_sequence

‘ UA_1377

.

UA_1377_1

(

next_segment

v

UA_1377_2

(

next_segment

L

UA_1377_3

:

Source: W3C
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« This is the OWL:Lite ontology to represent a sequence

flight_sequence destination

(functional) ) (functional)
FlightSegment

Flight

isa

next_segment
(functional)
(_ FinalFlightSegment )

e FinalFlightSegment a owl:Class ;
rdfs:comment "The last flight segment has no next_segment";
rdfs:subClassOf :FlightSegment ;
rdfs:subClassOf
[ @ owl:Restriction ; owl:maxCardinality "0";
owl:onProperty :next_segment] .

Source: W3C



O O O COMP3028-patter2-flight Protégé 3.3.1  (file:/Applications/Protege_3.3.... | o
O O O UA_1377_1 (instance of FlightSegment)
INDIVIDUAL EDITOR

File Edit Project OWL (Code Tools Window Help

D (= °é' @ &y ey D @ < = For Individual: 4 |IENFERFEN {instance of FlightSegment)
~ ii0000| SUBCLASS EXPLORER ~ 'm) CLASS EDITOR
For Project: @ " For Crass: - m {instance of owd:Class) [ | Inferred View 84
-~
For Project: Asserted Hierarchy w If> Q @ ﬁ @ [E B
Class Hierarq owd Thing Pr'oper'ty
owl:Thing O airport . rdfs:comment
@ Airpor)| @ Flight
.F'?gm v () FlightSegment
ve F'.'gr:: { FinalFlightSegment
il F @
VY [ next_segment (single FlightSegment) ({cardinality 0)
(=1 >
Vv [mm) destination {allValuesFrom Airport, cardinality 1)
Airport
1 Ju|
hd
< i [ ] [q] i Ly

< | A 1
next_segment U‘ Q: g

— @ UA_1377 3

4 | Ry

http://users.ecs.soton.ac.uk/ha/teaching/COMP3028/pattern2-flight-sequence.owl



UNIVERSITY OF

Southampton

School of Electronics
and Computer Science

Topics

e N-ary relations

« Classes as property values

« Value partitions and Value sets
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Classes as property values

« In some cases, it is convenient to put a class as a value of
some property

 Classes can be property values in RDFS and OWL Full,
with no restrictions

« In OWL DL and OWL Lite, classes cannot be property
values

— Because nothing can be both a class and an individual

— Need to use alternative mechanisms
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Use case example

« Represent two books about lions, one is about the species
of lion, and the other about the species of African lion

« Retrieve both books when asking for books about lions

\ dc:subject

Lions: Life |
in the Pride

|
The African |

Lion dc:subject




Approach 1: Southampton
Use classes directly as property values i compersde

S and Computer Science

« The property dec:subject has the Animal classes as values

=

rdfs:subclassOf rdf:type

rdf:type
) "Lions: Life in the
-¢ dc:subject — Pride"
rdfs:subclassOf I “The African Lion" I
dc:subject

!

Source: W3C



Lo B - 3 ! 2 - A icati P ri LINIIV/FDOIT
e 0 0 O approachl bookl Protege 3. 3 1 (ﬁle /Appllcatlons/Protege 3 3 1/approach1 bookl pprj, OWL / .. Yt(zF)n

File  Edit Project OWL Code Tools Window Help

ics
— 0O = of B uwd ¢J 9D o Q> ﬁprotégé Science

K
m( @® Metadata (booklowl) |~ OWLClasses | i Properties = 4 Individuals | = Forms |
| CLASS BROWSER INSTANCE BROWSER INDIVIDUAL EDITOR
cid For Project: @ appr... |For Class: @ Book For Individual: 4 |LionsLifelnThePride
N Class Hierarchy 4% [ Asserted [ Inferred | RAC ® [ (£ =
owl:Thing Aesorn ¥ ¥ @ X G Property Yalue
> @ Animal @ LionsLifelnThePride = rdtsicemment
@ Book (2] & TheAfricanLionBook
O00 OWL Sublanguage
@ The OWL sublanguage of this ontology i1s OWL Full
OK
Lions: Life in the,,,
v 688
dcsubject ¢ Q: \ 2 —
S Asserted Types @& @& |[@Lion
I: ) Book =

http://users.ecs.soton.ac.uk/ha/teaching/COMP3028/approachl-bookl.owl
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PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX dc: <http://purl.org/dc/elements/1.1/>

PREFIX base: <http://www.ecs.soton.ac.uk/teaching/COMP3028/
book1l.owl#>

SELECT ?book

WHERE { ?book dc:subject ?subject

?subject rdfs:subClassOf base:Lion}

A

<http://www.ecs.soton.ac.uk/teaching/COMP3028/bookl.owl#LionsLifeInThePrideBook>
<http://www.ecs.soton.ac.uk/teaching/COMP3028/bookl.owl#AfricanLionBook>
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This approach is the most intuitive

Resulting ontology is compatible with RDFS and OWL Full, but not
OWL DL or OWL Lite

The subjects are in a hierarchy (AfricanLion isA Lion isA Animal)

— Application can use this hierarchy to find books about Lion as well as
books about its sub-subject; AricanLion

Good approach if:

— Want to keep things simple
— Don’t mind being in OWL Full

— Don’t mind using the class hierarchy as book subject
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« Use instances of classes as property values

rdfs:subclassOf rdf:type rdf:type
o N
“Lions: Life in the "The African
Pride" Lion”
rdfs:subclassOf rdfitype dc:subject

\ '
AfricanLion I LionSubject I
dcisu bieCt
rdf:type
¥
AfricanLionSubject

Source: W3C
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Edit  Project OWL Code Tools Window Help

DeB fneg +BE ws @9 # <r <¢|protége
fa( @® Metadata (books2.owl) r. OWLClasses r- Properties rQ Individuals |/ = Forms |
T a CLASS BROWSER INSTANCE BROWSER INDIVIDUAL EDITOR +—FT
or Froject For Project: @ For Class: 0 BookAboutAn... | For Individual: #nce of BookAboutAnimals)
As;::;:inHler Class Hierarchy |/Asserted r'"fe"ed I [j ® [H —
v .Animgl owl:Thing Assertet ¥ ¢ o X G Property
v @ Lion » O Animal ' S T rdfs:comment |
® Afr  BookAboutAnimals () @ LionsLifelnThePrideBook =1 rdfsiseehlso Ohttp:Hlsbn.nuIOSSE
. BookAbol
bookTitle & odqp 3
Value Lang
The African Lion
v B8
™y dcsubject ¢ ﬁ <« n
Asserted Types & @ AfricanLionSubject
O BookAboutAnimals
ol g | [» «| i |
T — N® ® s & @

http://www.w3.0rg/TR/swbp-classes-as-values/books2.owl
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PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX base: <http://protege.stanford.edu/swbp/books2.owl#>

SELECT ?book

WHERE {
?book dc:subject ?subject
?subject rdf:type base:Lion

V4

<http://protege.stanford.edu/swbp/books2.owl#LionsLifeInThePrideBook>
<http://protege.stanford.edu/swbp/books2.owl#AfricanLionBook>
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« Classes are not used as values directly

— Using their instances as property values instead

« Ontology is compatible with OWL DL and OWL Lite

« We used the class Lion for the subject lion

— Need a different one to refer to actual lions!
— Shouldn’t use the same concept for two conceptually different things

— We need to be extra careful if the Animal ontology is important
« Changing the meaning of classes may cause some interpretation problems
« No direct relation between the subjects

— But the instance AfricanLionSubject is also an instance of Lion

« Use this approach if:
— Want to stick to OWL DL or OWL Lite

— Won'’t be changing the original meaning of any of the classes
— Not concerned with the subjects not having direct links
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Using a parallel instance hierarchy

» Create a separate subject class

rdfs:subclassOf "

rdf:wK
rdfs:seeAlso LionSubiject

rdfs:subclassOf dc:subject rdf:type rdf:type
rdf:type \ K

"Lions: Life in the "The African
Lion"

e

¢

AfricanLion parentSubject

Pride"

i

rdfs:seeAlso dc:subject

l AfricanLionSubject I

Source: W3C



Approach 3

<new> Protégé 3.3.1

<new> Protégé 3.3.1

UNIVERSITY OF

Southampton

File Edit Project
O & of

| @ Metadata (books.

File Edit Project

DelE +«BE

Ry

OWL Code Tools

Window Help
P el Q>

<Qgﬂm“@é

SUBCLASS EXPLOR (

For Project: @

Asserted Hierarchy

owl:Thing

v O Animal

v ) Lion
) AfricanlLi
" BookAboutAnin
) Subject

CLASS BROWSER
For Project: @

Class Hierarchy

owl:Thing
v O Animal
v ) Lion
(0 AfricanLion
) BookAboutAnimals (2)
O Subject (2

INSTANCE BROWSER
For Class: & BookAboutAni...

fAsserted rlnferred |

Asserted | ¥ & * X &

# LionsLifelnThePrideBook
@ TheAfricanLionBook

| ML

e e

Asserted Types

) BookAboutAnimals

@ Metadata (books3.owl) r. OWLClasses r- Properties r‘ Individuals r = Forms |

INDIVIDUAL EDITOR +—=FT

For Individual: MBookAboutAnimals)

8 &l [E

Property l
= rdfsicomment

=1 rdfs:seehlso

@ http:/fisbn.nuf

bookTitle P dr K
Yalue | Lang

Lions: Life in the,,,

dcsubject ¢ ﬁ <

@ LionSubject

http://www.w3.0rg/TR/swbp-classes-as-values/books3.owl
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« One way of querying this model is by using the seeAlso annotation property.

« You can also query the transitive parentSubject property

PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFIX base: <http://protege.stanford.edu/swbp/books3.owl#>

SELECT ?book
WHERE { ?book dc:subject ?subject
?subject rdfs:seelAlso ?class

?class rdfs:subClassOf base:Lion

<http://protege.stanford.edu/swbp/books3.owl#LionsLifeInThePrideBook>
<http://protege.stanford.edu/swbp/books3.owl#AfricanLionBook>
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Compatible with OWL DL and OWL Lite and Computer Science

— Using classes as values for annotation properties (eg rdfs:seeAlso) does not change
OWL DL compatibility

« The subject hierarchy can be recreated using the parentSubject

— This property is transitive
— Most reasoners can infer the parentSubject transitive property

« But they won'’t be able to infer that a book about LionSubject is also about Animals

« Semantics for Lion and for the Lion subject are preserved
« The Animal and Subject hierarchies are independent of each other

« Maintenance is increased

— Need to make sure all these classes and instances are consistent
e Useif:

— Need to stay in OWL DL

— Need to reason over the subject hierarchy
— Not bothered by having parallel hierarchies
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Using special restrictions and Computer Scence

« Restrictions are used instead of specific values

BookAboutAnimals
rdfs:subclassOf rdf:type
>

rdftype

"Lions: Life in
the Pride”

rdfs:subclassOf rdfitype dc:subject "The African

PER S Lion"
! Unidentified Lion(s) |
5 1
dc:subject

rdf:type
s — /

Unidentified African
Lion(s) :

0

----'

Source: W3C



Approach 4
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CLASS BROWSER
For Project: @

Class Hierarchy

owl:Thing (0/2)
v O Animal
v @ Lion

) AfricanLion

v @ Book (0/2)
=) BookAboutAfricanLig
) BookAboutAnimals [0 /
) BookAboutLions

~y

INSTANCE BROWSER

f Asserted r Inferred |
1‘ A
sserted Instanges

- ¥ X G

| @ Metadata (books4.owl) | | OWLClasses | MM Properties | 4 Individuals | = Forms |

For Class: e BookAboutAfricanLions

4 TheAfricanLionBook

Asserted Types

) BookAboutAfricanLions

INDIVIDUAL EDITOR
For Individual: #f BookAboutAfricanLio

O emR [E
Property I

=1 rdfs:comment

2 rdfs:seeAlso

bookTitle Y "Jl}’ X
Value I Lang

The African Lion

dc:subject é Q: t

http://www.w3.0rg/TR/swbp-classes-as-values/books4.owl
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CLASS BROWSER
For Project: @ books4

Class Hierarchy %<

owl:Thing (1/3)
v © Animal

v @ Lion

() AfricanLion

My @ Book (1/3)
£) BookAboutAfricanLions (1 /1)
) BookAboutAnimals (0 /3)
) BookAboutLions (1/3)

\ INSTANCE BROWSER ’ INDIVIDUAL E... + —

For Class: © BookAboutLions

For Individual: dputLiorience

f Asserted " Inferred | [j Q, .

Inferred Instances * Property
4 LionsBook I rdfs:comment
Q LionsLifelnThePrideBook = rdfs:seeAlso
4 TheAfricanLionBook
bookTitle
Value
Lions: Life in the Pride
dc:subject

Asserted Types % .-
£) BookAboutLions
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PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX base: <http://protege.stanford.edu/swbp/books3.owl#>

SELECT ?book

WHERE { ?book rdf:type base:BookAboutLions }

A

<http://protege.stanford.edu/swbp/books4.owl#LionsLifeInThePrideBook>
<http://protege.stanford.edu/swbp/books4.owl#AfricanLionBook>

« Only the first book will be returned if no reasoner is used
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« Compatible with OWL DL

« Areasoner can infer that a book with subject Lion also has the subject
Animal

— Can use a DL reasoner to classify specific books

« Subjects are assigned to books by creating instances of the relevant book
subject class

— No need to explicitly set any subject values

— Can also use unspecified individuals of the class as property values, rather than
the class itself

— Interpretation: the subject is a prototypical lion, rather than the Lion class

o Useif:
— Want to be in OWL DL

— Want to use DL reaonsers to classify your ontology
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 Link individuals of Book with subjects using an
annotation property

owl:AnnotationProperty

Book

¢

rdf:type
e

rdf:type
“Lions: Life in the
Pride"
' "The African Lion"
rdfs:subclassOf rdf:type //“I—l

dc:subject

rdfs:subclassOf rdf:type

-2 dc:subieét

U

?

Source: W3C
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« Implementing this ontology in Protégé turns the ontology
into OWL:FULL

— Because the property becomes both owl:ObjectProperty and
owl:AnnotationProperty

« Better to write/fix it by hand

« Download it from:

http://users.ecs.soton.ac.uk/ha/teaching/COMP3028/
approach5-books5.owl



Validating the Ontology Southampton
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586 WonderWeb OWL Ontology Validator O |
o QJ /|‘ tac @ hup://www.mygrid.org.uk/OWL/Validato ¥ | % |G|~ swoop Q) 2
Latest Headliness Overview (Java Platf... BBC - bbc.co.uk hom... Google Calendar Connotea: free online... Hotmail
E v
@ htp://www.w3....es/books5.owl & @ WonderWeb OWL Ontology Vali... & v

OWL Species Validation Report

<?xml version="1.0"2>

¥xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"

RDF: xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

¥xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

xmins:owl="http://www.w3.0rg/2002/07/owl#">

<rdfs: gﬁﬁélagggﬁ rdf :resource="#Lion" /> 4
</owl:Class> v

URL: Validate |
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PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX base: <http://www.ecs.soton.ac.uk/teaching/COMP3028/approach5-
books5.owl#>

SELECT ?book
WHERE { ?book rdf:type base:Book .
?book base:subject ?class

?class rdfs:subClassOf base:Lion }

V4

<http://www.ecs.soton.ac.uk/teaching/COMP3028/approach5-
books5.owl#LionsLifeInThePrideBook>
<http://www.ecs.soton.ac.uk/teaching/COMP3028/approach5-

books5.owl#AfricanLionBook>
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Approach 5

« Compatible with OWL DL

— Annotation properties can have classes as values in OWL DL

« Annotation properties cannot have different types

— dc:subject cannot be an annotation property and an object or datatype
property

— This will render the ontology OWL FULL

« Restrictions cannot be applied to annotation properties

« DL reasoners don’t use annotation values
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Topics

e N-ary relations

 Classes as property values

« Value partitions and Value sets
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Value Partition

« Descriptive features are quite common in ontologies

Examples:
— Size {small, medium, large}
— Risk {dangerous, risky, safe}
— Health status {good health, medium health, poor health}

» &« »” &«

Also called “qualities”, “modifiers”, “attributes”

A property can have only one value for each feature to ensure consistency

Such features can be represented as:

— Enumerated individuals
— Disjoint classes

— Datatype values
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o Class Health Value is an enumeration of three
individuals

What happens if
|we don’t add this

bt axiom?

{ow!:oneOt)

ow!allDmferent

‘ poor_health | ‘ medium_health I

\ I

good_heaith

has heaitn_status
-

has_heath_status ‘*.%
‘\\ \s
Inferred

John

Source: W3C
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thas health status
a owl:0ObjectProperty , owl:FunctionalProperty ;
rdfs:range :Health Value

John
a :Person ;

thas health status :good health .

:good health
a :Health Value

:Healthy person
a owl:Class ;
owl:equivalentClass
[ a owl:Class ;
owl:intersectionOf (:Person [ a owl:Restriction ;
owl:hasValue :good health ;

owl :onProperty :has health status

1)



e Yo7 e Y

Approach 1.wWalues as.seksof individuals
Ine BB wms YO o 4>

_|/ & Metadata (ontology) r. OWLClasses I I Properties r‘ Individuals I = Forms

ol

[: CLASS BROWSER \ INSTANCE BROWSER \ INDIVIDUAL EDITOR
—| For Project: @ For Class: € Healthy_p... | For Individual: ‘ Sarah
ﬂ o |[ Asserted | Inferred | % o5 &3 [B

n Class Hierarchy

f|* owd:Thing {1/ 4) A Y ‘? @ X & Property

v ) Maodifier (0 / 3) @ saran rdfs:comment

¢ ) Health_Value (3 / 3)

—i|w ) Person (1/1)

Y © Healthy_person (1/1) | 1fyoy add an individual to Healthy_person directly, then

property has _health_status will automatically be given the

v value good__health

has_health_status & Q. L

~| 88 & good_health

Asserted Types % @ < S
v 71 B8 |© Healthy_person - "

http://www.w3.0rg/TR/swbp-specified-values/values-as-individuals-01.owl
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e Need an axiom to set the three health values to be different from each other

— This way, a person cannot have more than one health value at a time

« Values cannot be further partitioned

— Eg we cannot have moderately_good_health as a subtype of good_ health
— Only equality and difference between individuals is allowed in OWL

« Only one set of values is allows for a feature

— The class cannot be equivalent to more than one set of distinct values
— Doing so will cause inconsistencies

« OWL DL compatible
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« Values are disjoint subclasses

HealthValue

exhaustive
[owlunionOf)

Pairwise Dis|joint

Medium_
health_wzalue

has_health_swartus

Good_
hea'th_wvalue

someVzluesFrom

Pcor_health_
value

\\
%
-
‘ ohns \ has_health_status | |
JI'-'Iealti - John
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O O (.— File Edit Project OWL Code Tools Window Help
Fle 1 [ (= of B med 9 o Q> ﬁprotégé

O &2 ['|/ @ Metadata (ontology) |~ OWLClasses | WMl Properties | 4 Individuals | = Forms |

= INSTANCE BROWSER INDIVIDUAL EDITOR  + — F T
._ l/a_ For Project: @ 1 For Class: © Health'f_pe...’ For Individual: #rstance of Person)
) .
For Prd F{| class Hierarchy e (Assenew [j ﬁ @ [E
owd:Thing Inferred Iistances % Property
Assertd Alllly @ Modifier & John 0 rdfs:comment
O v © Health_value
v @ () Good_health_value (1)
v {0 Medium_health_value
() Poor_health_value /'
v () Self_standing_entity (0 /1)
v () Persop———
ve @hy_person s )
v W — Asserted Types % @ has_health_status é Qﬁ: <«

& iohns_health

< i | I N2 [»]

Jo vl 5 88 b % @

[—

http://www.w3.0rg/TR/swbp-specified-values/value-partitions-
variant-1.owl
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e The instance Johns_Health can be made anonymous

HealthValue

exhaustive
|owkunionOf)

Pairwise Disjoint

Poor_heaith_ Medium_ Good_ <has_health_smtus
value health_wvalue health_value someValuesFrom
I
d

someValuesFrom
has_health_scatus
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Approach 2: Values as subclasses

« OWL DL compatible
« DL reasoners can classify the ontology

« Values can be further partitioned

— Simply add subclasses to the value classes

« Can have alternative partitioning of the same feature



OWL Wizards Southampton

School of Electronics
and Computer Science

e Protégé has OWL wizards for creating n-ary
relations, value partitions and enumerations (values
as individuals)

& OO0 <new> Protégé 3.3.1

File Edit Project OWL Code @ Tools Window Help

D [E' °t' LE] [\‘Q 24 Determine OWL Sublanguage... ﬁprot
Start Debugger

(. Metadata (Ontologyl204329134 Generate OWLDoc... TQ Individuals r = Forms |

Quick OWL » +1=

For Project: @ Patterns » &‘u‘alue Partition... | Inferred
Refactor 4 £ Enumeration...

Asserted Hierarchy v WK R £0WLList... -

Sl = rdfs:c::norﬁz:: & ROF ISt
£ M-ary Relation

AKX




UNIVERSITY OF

Southampton

School of Electronics
and Computer Science

Meronymies (part-whole relations)

« Taxonomies are not the only hierarchical relation that we
wish to model

« A spark plugisn’t a kind of engine (class-instance)

« A spark plug is a part of an engine

o7
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Simple Part-Whole Representation

« We need two properties:

— partOf (a transitive property)
— directPartOf (a subproperty of partOf)

58
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Part-Whole Hierarchies

« Represent part-whole relationships between classes using
someValuesFrom restrictions

SparkPlug C 4 directPartOf.Engine

Engine C d directPartOf.Car

59
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Defining Classes of Parts

- Extend the ontology with classes of parts for each level

— Reasoner can automatically derive a class hierarchy

CarPart = 4 partOf.Car

DirectCarPart = 4 directPartOf.Car
EnginePart = 4 partOf.Engine

60
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Fault location

« Allows reasoner to conclude that a fault in a part is a fault in
a whole

« Need a new property for the location of a fault: hasLocus

« Need a new class for faults: Fault

FaultInCar = Fault ' d hasLocus.CarPart
FaultlnEngine = Fault M 4 hasLocus.EnginePart

61



