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Building an OWL ontology with Protegé
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This lecture is a close adaptation of the Matthew Horridge tutorial :

A Practical Guide To Building OWL Ontologies
Using Protégé 4 and CO-ODE Tools Edition 1.3
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OWL - Introduction

e OWL: Web Ontology Language

— a W3C standard

e OWL1:W3Crecommendation 10 Feb. 2004
— http://www.w3.org/TR/owl-features/

e OWL 2 : W3Crecommendation 11 Dec. 2012
— http://www.w3.org/TR/owl2-overview/

— OWL vocabulary : a set of primitives described in RDF
which extends the RDFS vocabulary

* OWL namespace
http://www.w3.0rg/2002/07/owl# < owl:
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OWL in the Semantic Web Stack

The Semantic Web Technology Stack
(not a piece of cake...)

Trust

Proof

Logic Framework

DL Programming of OWL/Rules

RDF Schemas

RDF Model & Syntax
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T Berners-Lee, lvan Herman
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Components of OWL Ontologies

* Individuals: represent objects in the domain in which we are interested (the
domain of discourse)

OEMS OBeIgium
Hol
oH9er OParaguay

Kylie QLaia
SClaus € Ochina

Hai

© =individual (instance)
OFIipper
ORudoIph

e OWL does not use the Unigue Name Assumption (UNA)

— two different names could actually refer to the same individual
; — it must be explicitly stated that individuals are the same as each other, or different to each other —
otherwise they might be the same as each other, or they might be different to each other.
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Components of OWL Ontologies

* Properties: binary relations on individuals, properties link two individuals

together
h\g!
%\
Elvis Belgium
Holger lives_in %
knows Paraguay

Kylie OLatvia

/' = property (relationship)

© =individual (instance)

Rudolph

* Properties can also link individual to literal values
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Components of OWL Ontologies

Classes: OWL classes are interpreted as sets that contain individuals.

() = class (concept)
/' = property (relationship)

© =individual (instance)
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Components of OWL Ontologies

e Classes (continued)
— Classes can be described using formal (mathematical) descriptions

— Class descriptions state precisely the requirements for membership of
the class (the conditions that must be satisfied by an individual for it
to be a member of the class).

— Different types of class descriptions
* named classes
 enumeration of individuals
* union, intersection, complement of other class

* restrictions on properties
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Components of OWL Ontologies

e Classes (continued)
— Classes may be organised into a superclass-subclass hierarchy (a taxonomy).
* Subclasses specialise (are subsumed by) their superclasses.

* subclass means necessary implication.

— if Alis a subclass of B then ALL instances of A are instances of B (without exception)

Animal * Individuals may belong
Pet ;
Animal to more than one class.
AN
1
Mamal Pet
Cat

*  One of the key features of OWL-DL is that
these superclass-subclass relationships can be
computed automatically (inferred) by a

Cat reasoner
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Protégé

Is a knowledge modelling environment pl’Otege

Is free, open source software
» OP http://protege.stanford.edu

Is developed by Stanford / Manchester
Has a large user community (approx 30k)
Protégé 4 built solely on OWL modelling language

Supports development of plugins to allow backend / interface
extensions

Donwload and install Protégé on your computer

Protégé Desktop 4.3

This version of Protégé supports OWL 2 ontologies. For more information about how to choose an install method, read the "How do I'i

o Download Protégé - platform independent installer program
¢ Download Protege - ZIP file (no 1.6 VM, no executable file included)
¢ Download Protégé - OS X application bundle
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Creating a new OWL Ontology

@ Start Protégé allows information about the ontology to be specified.

For example, the ontology URI can be changed,

-

<€ untitled-ontology-110 (htt

File Edt View Reasoner Too

Active Ontology |, can be set up via this tab. - ]

Ontology heade =

Ontology header:

Ontology IRI | http:/www semanticweb.org/genoud/ontologies/201 3/ Oiuntitled-ontology-110

Ontology Version IRI

Annotations

Replace the default URI with
http://www.pizza.com/ontologies/pizza.owl

m:;s.a_ve,ygm;@etglggy-lto afile: pizza.owl

File Edit View Reasoner Tools Refactor Wi

Py . weoe-Annotations on the ontology such ascomments may - |
.. be added and edited, and namespaces and imports T

New... Cirl-M a -
Open... otk T < Select an ontology format ﬁ
Open from URL... Crlehiap-O
| ) )
Open recent » mpor Choose a format to use when saving the pizza entology —
2z <
S emsE RDFOUIL @ Select Turtle format for saving
q Ctri+Maj -
S' s L ROFXML
Gather ontologies. .. CtrieMa-G OWLIXKL
Export inferred axioms as ontology... - OWL Functienal Syntax
Manchester OWL Syntax
| OBO Format
KRSS2 Syntax
Latex
1l cla| To use the reasoner click Reasoner--Start reasoner Show Inferences
m— TUMlE —
T— —
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owl:Ontology

<?xml version="1.0"?>

<rdf:RDF xmlns="http://www.pizza.com/ontologies#"
xml:base="http://www.pizza.com/ontologies"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<owl:Ontology rdf:about="http://www.pizza.com/ontologies">

<rdfs:comment> A pizza ontology that describes various pizzas
based on their toppings.
</rdfs:comment>

</owl:0Ontology>

</rdf:RDF>

@prefix : <http://www.pizza.com/ontologies#> .

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

@prefix
@prefix
@prefix

xml: <http://www.w3.0rg/XML/1998/namespace> .
xsd: <http://www.w3.0rg/2001/XMLSchema#> .
rdfs: <http://www.w3.org/2000/01/rdf-schema#> .

@base <http://www.pizza.com/ontologies> .

<http://www.pizza.com/ontologies> rdf:type owl:Ontology ;

based on their toppings.

rdfs:comment A pizza ontology that

describes

various

pizzas



ClassesTab: Class Editor

———

< pizza (http:,’,fwww.piﬂa.ccr?ﬁonfolog_ig_s/pizza.{:w1) : [P e\Cours_M2GI\PizzaTutorial\ iﬂam ) 4 ) |P_ﬂ|_gj X
File Edit View Reasoner Tools Refactor Window Help edltlng of ClaSSES IS Carrled Out
2| 2> |@ pizza (hitp:/fwww pizza.com/ontologiesia USIng the Iclasses Tabl v| | |

[ Active Ontology | Entities | OntoGraf |

Class hierarchy rclamhiaady(ilhmad] | [Annotations I’mage |
Class hierarchy: MmEEE

t; :*' E: Annotations \

Class Annotations:
OWL axioms annotating the selected class

\ Class hierarchy:

Subsumption hierarchy (superclass/subclass)
Structure as asserted by the ontology engineer

L =
Equivalent To
bt of Class Description:
Sub iass Of (Ananymous Ancestor) OWL axioms defining the selected class
hembers
Target for Key
Disjoint With
Disjoint Union Of

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes 12



Creating classes

Create classes Pizza, PizzaTopping and PizzaBase as subclasses of Thing

Press the Class hierarchy || Class hierarchy finfemed) | | Annctations || Usage |
ass nierarcny nr 1ons
ﬁ«dd Subclassemre : mEEE ||l Annotations: Thing |
utton 1 !; Annatations
=+ Thing
<€ Create a new OWLClass u
Mame: P'izza] |
Enter the class Name
IR | hitp:ifwwwe pizza. com/ontologies/pizza. owBPizza
| Mew entity options. .. |
Validate ( 3 - -
oK || Annuler | |/'|:|HEE hierarchy | Class hieran
| Class hierarchy: Thing
'
Repeat to create PizzaTopping and PizzaBase
(try to use the Add Sibling Class button)| &« ¥ Thing
C) - ..... . pl-lza
Ensure you have this initial - * PizzaBase
~- 00 PizzaTopping

Class Hierarchy (taxonomy)
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Disjoint classes

Let's say the Pizza, PizzaBase and PizzaTopping classes are disjoint
- an individual (or object) cannot be an instance of more than one of these three classes

r Class hierarchy Bl -oootations:pizza —
:
Annotations
%8| | B
¥ @ Thing Select the Pizza class in
----- © Pizza .
..... o pizzaBace  the hierarchy

----- ¢ PizzaTopping ‘

Description: Pizza <% Pizza ﬂ
Equivalent To  Class hierarchy | Expression editor |
SubClass Of E’E @
¥-- @ Thing |

-~ Pizza . . .
SubClass Of (Anonymous Ancy —@vizzabase Select PizzaBase and PizzaTopping

- PizzaTopping in the dialog window that appears.
e Validate. PizzaBase and PizzaTopping

\ should now appear int the Disioint With
Target for Key OK Annuler
View. Disjaint With
Disjaint With o ‘ ¢ PizzaTopping, PizzaBase
et Ui Press the ‘Disjoint With’ button in
isjoint Union Of

the ‘class description’ view
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Create a Class Hierarchy

Create ThinAndCripsyBase and DeepPanBase as subclasses of PizzaBase

File Edit Wiew Reasoner | Tools

Refactor

Window

Help

Create class hierarchy. . 1

IE > | | @ pizza (http:/iw

Generate Protege-OWL Java Code

Active Ontology | Entities | Ch

|/ Class hierarchy |/ Class hierarc

Compare Ontologies

[: < Create Class Hierarchy &J < Create Class Hierarchy <4 Create Class Hierarchy P
Pick root class Enter hierarchy Make sibling classes disjoint?
Please select the root class Please enter the hierarchy that you wantto create. You Do you want to make sibling classes disjoint?
should use tabs to indent names! (Recommended)
¥ @ Thing
i @ PizzaTopping Prafic ‘ | Wake sibling classes disjoint
‘- PizzaBase
- @ Pizza Suffic | |
ThinAndCripsyBase
DeepPanBase
LY - - L Y -
Go Back Continue Cancel Go Back mist Cancel

as the root class

Select the PizzaBase

classes to create

¥ Thing
------ @ Pizza
Ensure.that the_ v ® PizzaBase
class hierarchy is - DeepPanBase
correct w0 ThinAndCripsyBase

¢ PizzaTopping

Type in the names of the

disjoint

Ensure that
DeepPanBase and
ThinAndCripsyBase
classes have correct
descriptions
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Create a Class Hierarchy (continued)

Create some subclasses of PizzaTopping:
CheeseTopping, MeatTopping, ...

Hierarchy to create (without the Topping suffix)

Cheese
Mozarella
Paremezan

Meat
Ham
Pepperoni
Salami
SpicyBeef

Seafood
Anchovy
Prawn
Tuna

Vegetable
Caper
Mushroom
Olive
Onion

<4 Create Class Hierarchy

=)

Enter hierarchy

Pleaze enter the hierarchy that you want to create. “ou =hould use tabs to indent names!

Prefix |

Suffix |TD pRing

Cheese
Moza Enter the Topping suffix r
vt for all the topping classes
Ham
Feppero
Salami Use tabs to indent the
SpicyBee .
seatos class names according to
Anchovy the hierarchy
Prawn
Tuna
Vegetable
Caper
Mushroom
Clive
Cnion
Fepper
GreenFepper
JalapenoPepper
RedPepper
Tomato

Pepper

<4 Create Class Hierarchy

=X

| Go Back| | Cuntinuel | Cancel|

GreenPepper

JalapenoPepper

RedPepper
Tomato

Make all the sibling classes
disjoint when validating

Make sibling classes disjoint?

r

Do you want to make sibling classes disjoint? (Recommended)

Make sibling classes disjoint

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes
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Creating a

<4 pizza (http:/fwww.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\WebSemantique\Cours_M2GI\PizzaTutorial\pizza.owl] | = & X

Class Hierarchy (continued)

File Edit Wiew Reasoner Tools Refactor Window  Help

< > |@ pizza (hitp:/fwww . pizza.com'ontologies/pizza.owl) v| | |

Active Ontology | Enties | Classes | Object Properties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf |

[ Class hierarchy | Class hiesarchy (infemed) |

Annotations: SalamTopping mEER
!: _=+ ﬁ ‘ Annotations | =
Ensure that the
class hierarchy is
correct
PepperoniTopping |
SalamiTopping Description: Salamitopping __________________________________________________ NEEH
L SpicyBeefTopping : - o
¥ @ CheeseTopping Enuivalent Ta
- MozazerallaTopping
@ ParemezanTopping o
.- VegetableTopping SubClass Of .
..... @ CaperTopping @ MeatTopping
,,,,, o ping Ensure that the
jjjjj:g:;:g“pﬂl;;':g SubClass O (Pnanymaus Anceston) class descriptions are
¥ @ PepperTopping correct
@ GreenPepperTopping hembers
@ lalapenoPepperTopping
~- ) RedPepperTopping .
----- @ TomatoTopping Target fer Key
V- SeafoodTopping
----- @ AnchovyTopping Disjoint With
""" @ PrawnTopping @ PepperoniTopping, SpicyBeefTopping, HamTopping
----- @ TunaTopping
Disjoint Union Of

Annotations Usage

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes
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Class Hierarchy

* In OWL subclass means necessary implication.

— if Ais a subclass of B then ALL instances of A are instances
of B (without exception)

PizzaTopping

¥-- @ Thing
= Pizza
»-- 0 PizzaBase
v " PizzaTopping
b MeatTopping
b @ CheeseTopping
¥ VegetableTopping
----- CaperTopping
----- MushroomTopping
----- OliveTopping
----- OnionTopping
b & PepperTopping
B TomatoTopping
¥ SeafoodTopping
----- AnchovyTopping
----- PrawnTopping
----- TunaTopping

VegetableTopping

TomatoTopping
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OWL Properties

OWL Properties represent relationships
two main types of properties

— Object properties : relationships between two individuals

hassister

rdf:Property

AN

Matthew Gemma owl:0ObjectProperty

An object property linking the individual
Matthew to the individual Gemma

— Datatype properties : link an individual to a literal

Matthew “25"Mhxsdiinteger

A datatype property linking the individual
Matthew to the data literal '25, which has a type
of an xsdiinteger.

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes
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OWL properties

a third type of property

— Annotation properties: can be used to add information (metadata -
data about data) to classes, individuals and object/datatype

rdf:Property

properties.
dccreator
o
JetEngine “Matthew Horridge”

owl:0ObjectProperty

An annotation property, linking the class JetEngine’
to the data literal (string) “Matthew Horridge”

— Object properties and Datatype properties
may be marked as Annotation properties

owl:DataTypeProperty

VAN

owl:AnnotationProperty

ZF

dc:creator

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes
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Inverse properties

Each object property may have a corresponding inverse

[
property.
— |f some property links individual a to individual b then its inverse
property will link individual b to individual a.
Exemples
hasParent
Matthew ™Y~ _ _ hasChild _.--~ -~ “Jean
hasParent has an inverse property that is hasChild
<owl:0ObjectProperty rdf:about="teaches"> ‘teaches a owl:ObjectProperty ;
<rdfs:domain rdf:resource="AcademicStaffMember"” /> rdfs:domain :AcademicStaffMember ;
<rdfs:range rdf:resource="Course”/> rdfs:range :Course ;
owl:inverseQOf :isTaughtBy .

<gwl:inverseQf rdf:rescource="isTaughtBy" />
</owl:0bjectProperty>
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Object Properties Tab

editing of Object Properties is
. carried out using the ‘Classes Tab’

-

ue\Cours_M2GI\PizzaTutonal\pizza.owl] @@g

<€ pizza (http://www.pizza.com/ontologies/pizza.owl) : [P

Fle Edt Wiew Reasoner Toole Refactor Window Object Properties
E > | [ @ pizza (htp:/iwww pizza comiontologi - | |
Active Ontology | Entities | Classes | Object Properties | Data Properties
Oy Cianeeaty RiETeR s Annctations
T | = | P Annotations: MEEE
------ ®mtopObjectProperty Annotations \ l:
/ | PropertyAnnotations:
Property hierarchy: OWL axioms annotating the selected Property

hierarchical structure
(superProperty/subProperty)
as asserted by the ontology engineer

Characteristics: MBEME Description:

Equivalent To

SubProperty Of

Domains (intersection) PrOpe rty DeSC ri ptiO n :
- OWL axioms defining the selected
Ranges (intersection])
Property

Disjoirt With

SuperProperty Of (Chain)
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Create an Object Property hierarchy

Create an Object Property hasIngredient assubProperty of topObjectProperty

[ <€ pizza (http://www.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\WebSemantique\Cours_M2GI\Pizz

File Edit View FReasoner Tools Refacter Window Help

PreSS the Add E > | & pizza (hitp./fwww pizza.com/ontolegies/pizza.owl)
subproperty | “acieonsss | Entiies | Classes | Object Properties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf
b UttO n 1 Object property hierarchy: topObjectProperty W
ot || T ||| (= x Annotations: topObjectProperty
C = =[] il

- mtopObjectProperty i N
<€ Create a new OWLObjectProperty ﬁ

Name: Enter the property name

IRI: | http:/fwww pizza. comentologies/pizza. owBhasingredient

New entity options...

Validate ‘ 3} oK || Annuler |
Symmetric Inverse Of
Create hasBase and hasTopping R
as sub properties of hasIngredient ST Object property hierarchy: topObjectProperty
I | | Irreflexive t |= x
V- mtopObjectProperty
v m hasIngredient
. .- mhasBase
Ensure the Object Property = hasTopping

hierarchy is correct
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Select topObjectProperty and
press the Add subproperty

Create inverse properties

Create an Object Property isIngredientOf as the inverse of hasIngredient

r

Properties | Data F

<€ Create a new OWLObjectProperty

==

Name: Enter the property name

‘- mhasBase

- mtopObjectProperty
v m hasIngredient

‘..mhasTopping

IR | hitp-iwww pizza.comiontologies/pizza. ow BisingredientOf

| New entity options... | o]

Validate

3

OK

Annuler

Description: isingredientOf

Equivalent Ta

SubProperty Of

Inverse Of

Domains (intersection)

Press the Add icon next to
Inverse Of button on the
Property Description view

<4 isIngredientOf

)

e [x)

s

V.- mtopObjectProperty

|
= hasIngredient @
m isIngredientOf

Select the hasIngredient
property in the property

selection dialog

oK Annuler
@ Validate and ensure

that isIngredientOf

has a correct description
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SubProperty Of

Inverse Of

® hasIngredient
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Create inverse properties (continued)

Create an Object Property isBaseOf as the inverse of the hasBase property

Active Ontology | Entiies | Classes | Object Properties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf |

Object property hierarchy: hasBase W
BSCIET Select the hasBase IEH)

V- m topObjectProp <€ hasBase ﬁ

FlasIngredi p ro pe rty

. mhasToppi -
| atmasTooning =] =[x
V- mtopObjectProperty |
¥ m hasIngredient
V- misIngredient
S B Create a new Property
| Character 1 SEE| .
e = named isBaseOf
uncuenal uivalent To
veres function You can optionally place the new isBaseOf
S SubProperty Of (g g property as a sub-property of isIngredientOf
® hasIngredient ! ) A
Symmetric (N.B This will get inferred later anyway when you
Press the Add icon next'to" e ot Q) use the reasoner).

Inverse Of button onthe | | s s
Property Description view

Description: hasBaze

Equivalent Ta

Validate and ensure
that hasBase has a
correct description | | suserpery of

Create an Object Property@ h 4 | = hasIngredient
isToppingOf as the inverse of [ ok ][ anuer
the hasTopping property - inverse Of

misBaseOf
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Owl Object Property characteristics

OWL allows the meaning of properties to be enriched through the use of
property characteristics.

Functional Properties

— If a property is functional, for a given individual, there can be at most one individual that
is related to the individual via the property.

— Example : hasBirthMother a functional property : something can only have one birth
mother

b
lean \ Implies Peggy and Margaret

- are the same individual

.ﬂ"..’
{> Margaret

if Peggy and Margaret were explicitly stated to be two different individuals then the
above statements would lead to an inconsistency.
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Owl Object Property characteristics

* Inverse Functional Properties

— If a property is inverse functional then it means that the inverse property is functional.
For a given individual, there can be at most one individual related to that individual via
the property.

— Example:

isBirthMotherOf : the inverse property of hasBirthMother
(since hasBirthMother is functional, isBirthMotheroOf is inverse functional)

Peagy
4

Implies same individual |

=
e

Margaret
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Owl Object Property characteristics

Transitive Properties

— If a property P is transitive, and the property relates individual a to individual b, and
also individual b to individual ¢, then we can infer that individual a is related to
individual ¢ via property P.

— Example : hasAncestor

William

Matthew

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes
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Owl Object Property characteristics

Symetric Properties
— If a property P is symmetric, and the property relates individual a to individual b then
individual b is also related to individual a via property P.

— Example : hasSibling hasSiblin

Asymetric Properties

— |If a property P is asymmetric, and the property relates individual a to individual b then
individual b cannot be related to individual a via property P.

— Example : hasChild hasChild

Jean - hasChild __---" '%attha

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes
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Owl Object Property characteristics

* Reflexive Properties

— A property P is said to be reflexive when the property must relate individual a to itself.

— Example : knows

q_‘i‘q W3 knows WO
- - 2T T

: GE"U‘TQE' Simon i

* Irreflexive Properties

— Ifa property P isirreflexive, it can be described as a property that relates an individual
a to individual b, where individual a and individual b are not the same.

— Example : isMotheroOf

erQf isMothergy 'ﬁMQ,!}?@

=4

s

Alice Bob™

i
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Changing property characteristics

Make the hasIngredient property transitive

<4 pizza (http://www.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\WebSemanti

File Edit View Reasoner Tools Refactor Window Help
Qo> | @ pizza (http.//www . pizza.com/ontologies/pizza.owl)
Active Ontology | Entities | Classes | Object Froperties | Data Properties | individuals | OWLViz | DL Quer

Object property hierarchy: has DEEE l/mr—l
T-‘J = X Annotations: hasingredient

3 m topObjectProperty Annatations
Select the hasIngredient @_____haﬂnmm.em
property

- mhasBase
. ~-mhasTopping
v--misIngredientOf
-~ misToppingOf
. M isBaseOf Characteristics: hazingr MIBEE

Description: hasingredient

| | Functional Equivalent To
| | Inverse functional

SubProperty Of
Transitive

Tick the Transitive tick box on @
the Property Characteristics
View

N

|| Symmetric Iverse Of
| Asymmetric misIngredientOf

| ‘ ‘ || Reflexive

Domains (intersection)

[ | Irreflexive

If a property is transitive then its inverse property should also be transitive.
Select the isIngredientOf property, which is the inverse of hasIngredient. Ensure that the transitive

tick box is ticked. this must be done manually in Protégé 4. However, the reasoner will assume that if a property is transitive, its
inverse property is also a transitive.

@ Make the hasBase property functional
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Specify Domain and Range

Specify the Pizza class as being the domain of the hasTopping property

Active Ontology | Entities | Classes | ObjectFroperties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf |

Object property hierarchy: has B EE rAnnntatians |/” |

IE IE Annotations: hasTopping

v mtopObjectProperty . B .
v mhasIngredient Select the hasTopping poppng 2l
_ ..... = hasBa
I -h::Tms:ling property | Data restriction creator | Class expression editor | Class hierarchy | Object restriction creator |
':F----_-l'slngredientoi L o e | =
o - ———||c .
L. misBaseOf Characteristics: hasTop [DE®E il Description: hasTopping . [ PEsa Se I ect P1zza a nd

r @ PizzaBase

b @ PizzaTopping va | | d ate

Functional Equivalent To

Inverse functional
SubProperty Of

Transitive . W

m hasIngredient
Symmetric
Asymmetric Inverse Of

®isToppingOf
Reflexive pping

0K I | Annuler
Irreflexive - . °
Domains (intersection)
Equivalent To

Ranges {intersection)

Press the Add icon next to || - rupen, of

Domain button on the = hasIngredient
Specify the PizzaTopping class as being Property Descriptionview |
the range of the hasTopping property = isToppingOf

Ensure the hasTopping
description is correct

Domains (intersection)

' Pizza

Ranges (intersection)
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Individuals

Individuals Tab

DIZZA.

" pizza (http/

-

edition of Individuals is carried

© PizzaBase
- DeepPanBase
: - ThinAndCripsyBase
¥ @ PizzaTopping

v-- @ CheeseTopping
- MozarellaTopping |..
- @ ParemezanTopping |
MeatTopping
- HamTopping
PepperoniTopping

SalamiTopping
- SpicyBeefT W
. Sealoo-dToppm

[ Ny, P -

List of |nd|V|duaIs belonging*
to the selected class (here

File Edit “iew FReasoner Teools Refactor Window  Help
. 7 o D
| <a|c> |@ pizza (hitp:fiwww . pizza. com/ontologies/pizza.owl) OUt USIng the Indl‘"duals Tab
Active Ontology | Entites | Classes | Object Properties | Data Properti Query | OntoGraf | SPAROL Query |
( Class hiersrchy [ Class hierarchy (infered) | [ Members list I Members list (inferred) Annctations
Annotations: p1
!; Annotations . i
v- 8 Thing B . pl Annotations -
- Pizza ®1t1

Thing)

Description: pi

Property assertions: pl

Types
@ Thing

Object property assertions

mhasTopping t1

m hasTopping paremezanl

Same Individual As

Object and DataType
properties the selected
Mepative object property assertion InlelduaI |S su bject Of.

Data property assertions
Different Individuals

Negative data property assertions

Class membership andl
identity axioms

* the list of individuals for which

1

To use the reasoner click Reasoner-=5tart reasoner Show Inferences

membership is asserted

e

pelpLul
Tips
- S B

see the video to configure Individual View.

Selected Individual (pizzal) description:
OWL axioms the selected Individual is subject of.
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Creating new Individuals

Create a new individual paremezanl in the class ParemezanTopping

P — — — -

<4 pizza (http://www.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\

File Edit View Reasoner Teoolz Refactor Window Help

<a| > |@ pizza (hitp:/iwww . pizza.com/ontologies/pizza.owl)

Active Ontology | Entiies | Classes | Object Properfies | Data Properies | Individuals ﬁ

ooy [Smmeeenies | (M= i on the Add individual
button on the Members list
% o] | =
%] 2][x] m(o b
"'.Tr-”ng-
> ::.g:nas& Add individual

- DeepPanBase
‘.. ThinAndCripsyBase 1 ! ki

i . . <4 Create a new OWLNamedIndividual . 3 C e
) izzaTopping identify the new individual
Select a class in the Class  p cheeseTopping 4 3 ith Y
hierarchy view of they/ ™ @ MozarellaTopping \ With ajngme
I (R B == © ParemezanTopping
Individuals Tab - ProbeInconsistentTopping e Intto: : S |
N : | hitp:/fwww pizza.comiontologies/pizza. owiparemezan 1

L= ' MeatTopping

& SeafoodTopping

p-- ) VegetableTopping

I 0K I | Annuler |

@ Create new individuals p1, t1 in the class owl:Thing
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Individuals

Creating new Individuals

Create a new hasTopping relation in between individual p1 and individual t1

Active Ontology | Enties | Classes | Object Properties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf |

[ Class I Glass (infered) | Members list (infemed) | [ Annotations I Ussge
Class hierarchy: Thing =10E Members list |

Annotations: p1
+ Members list: p1
t- bl : Annotations
¥ Thing ﬂ E-

@ Pizza ®p1 Click on the Add object
D ngase *u @ property assertion in

- ThinAndCripsyBase

v & PizsaTonn: Select p1 inthe the Property assertions
izzaTopping . .
b @ CheeseTopping owl: Thlng view for pl.
- MeatTopping H Description: p1 Property assertions: p1
5 ® Senfoodtopping members list

p-- @ VegetableTopping Types

© Thing

< =)
(] =[] [«][x]

Object property assertions o

-

¥ mtopObjectProperty % p1
V- mhasIngredient # paremezanl
® hasBase ®t1 I
m hasTopping
Ensure th 1 ription i rr b misIngredientOf R
sure that p1 description is correct Select hasTopping property
Description: p1 Property assertions: p1 and t1 Value in the property
Types Object property assertions assertion dlalog
@ Thing ® hasTopping t1 H |
Same Individual As Data property assertions
0K I | Annuler |

Different Individuals Megative object property asserions —

. @ Let's do some (basic)
semantic reasoning
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ool
OWL Reasoners

* ontologies that are described using OWL-DL can be processed
by a reasoner.

— thanks to the semantics of the description language the reasoner can
deduce new facts from the facts asserted in the ontology.

— example of services offered by a reasoner

* classification

— test whether or not one class is a subclass of another class.
- to compute the inferred ontology class hierarchy

e consistency checking

— Based on the description (conditions) of a class the reasoner can check
whether or not it is possible for the class to have any instances.
= class is inconsistent if it cannot possibly have any instances

* realization
— find the classes of individuals
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Reasoners in Protege

* two reasoners integred to Protégé 4.3 [ e o
— FaCT++http://owl.man.ac.uk/factplusplus/ =™ o
« C++ reasoner '
— Hermit http://hermit-reasoner.com/ contiure..
* Java reasoner (OWL-API) based on “hypertableau” calculus —
Boris Motik, Rob Shearer, and lan Horrocks. | o HermiT 1.3.8
Hypertableau Reasoning for Description Logics. None

Journal of Artificial Intelligence Research, 36:165-228, 2009.
http://www.hermit-reasoner.com/publications/msh09hypertableau.pdf

other reasoners (commercial)

Pelet
RACER

Use the checkboxes below to control which inferences are displayed in Protege.

Selectively dizabling automatic inferences may improve performance.

Dizplayed Class Inferences: Unsatisfiability (13 ms total/d ms average)
Equivalent Classes (3 ms totalld ms average)
Superclasses (1 ms totalll ms average)
Class Members (0 ms total'0 ms average)

O Dizjoint Classes (0 ms total'd ms average)

Dizplayed Object Property Inferences: Unsatis fiability (11 ms total'l ms average)
Domains (0 ms totalll ms average)
Ranges (0 ms total'l ms average)
Equivalent Properties (0 ms totall0 ms average)
Super Properties (0 ms totall0 ms average)

Inverses (0 ms totalll ms average)

Displayed Data Property Inferences: Domains (0 ms total/d ms average)
Equivalent Properties (0 ms totalil ms average)

Super Properties (0 ms totall0 ms average)

Dizplayed Individual Inferences: Types (0 ms totall0 ms average)
Object Property Assertions (0 ms total'd ms average)
Data Property Assertions (0 ms totalld ms average)

Same Individuals (0 ms totall0 ms average)

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes 37


http://owl.man.ac.uk/factplusplus/
http://hermit-reasoner.com/

Reasoning on individuals

<€ pizza (http://www.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\WebSemantique\Cours_M2GI\PizzaTutorial\pizza-individuals.owl] l = | (=] g
File Edit View | Reasoner Tools Refactor Window Help
(o] [@5 Sutressoner € In the Reasoner drop dow menu =l la
e Grioay i Start the Hermit Reasoner
Class hierarchy {inferred) Annctaticns Usage
Class hierarchy: Configure... Members list Annotations: p1
+ ist p1 MEEE =
M FaCT++ Annotations |
v Thing ® HermT13.8 asserted
- ropert
@ DeepPanBase i / p p y
; @ ThinAndCripsyBase /
- izzaTopping
@ CheeseTopping Description: p1 ertions: p1
#- () MeatTopping
b— @ SeafoodTopping Types ‘ II-I:jeﬁoperl‘f assertions
»-- @ VegetableTopping ® Thing ™ hasTopping t1
I Pizza I I ® hasingredient t1
Semendivdual s @ Inferences are displayed with a
Different Individuals ye”OW baCkground
Megative data property assertions
To use the reasoner click Reasoner-=5tart reasoner Show Inferences
Description: t1 Property assertions: t1
Types ‘ . (3 Ensure that t1 as been infered to be a
# Thing sisingredientOf pl PizzaTopping member, an ingredient and
I . PizzaTopping I misToppingof p1 atopping of p1.
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Reasoning on individuals

Class hisrarchy | Class hierarchy (infered) | Fl\ﬂembﬂslis{ (infemed) [ Annotations I Usage

Members list Annotations: paremezan

+ Members list: paremezan1 DIEEE -
Mﬂ E : I - = Annotations H

Class hierarchy: ParemezanTopping MEEE

v .Thing_ ’E @

@ Pizza #® paremezanl

PizzaTopping

¥-- @ CheeseTopping

@ MozarellaTopping
© ParemezanTopping
b @ MeatTopping

Description: p1

Assert that individual paremezanl

ription: paremezan Property L .
isIngredientOf t1
Types Ohject property assertions
@ ParemezanTopping misIngredientOf t1
Same Individual As Data property assertions

Property assertions: p1

Types
@ Thing
@ Pizza

Same Individual As

Chject property assertions

m hasTopping t1

mhasIngredient t1
Look for explanations about this

m hasIngredient paremezanl 9\
E inference

Verify that Explain inferen-c;é. ]
pl hasIngredient paremezanl
has been inferred. If necessary r _ _ =
- . <4 Explanation for pl haslngredient paremezanl -
Reasoner Tools Refactor Wind- synchronize the reasoner. . . —_ —
Show regular i All justi
'|.' (Z Show laconic i 0 Limit justi i to
Synchronize reasoner CirkR Trrmars |0 i [4]
Oir, i, |/ lo i i, L m i i i _P
The current reasoner is active but has not taken into account the recent j | Pt for P hasingredent paremezant
" paremezanl isIngredientOf t1 ALL
changes to the ontelogy. In this mode, reasoning results may be inaccurate. p1 hasTopping t1 L
Pushing this button will resynchronize the reasoner with the ontology leading isIngredientOf InverseOf hasingredient ALL
to inferences that are once again accurate. Transitive: hasIngredient ALL
L hasTopping SubPropertyOf hasIngredient NO

FaCT++
® HermiT 1.3.8

Explanation 2 [] Display lacenic explanation

None

Explanation for: p1 hasIngredient paremezant
paremezanl isIngredientOf t1 ALL
p1 hasTopping t1 ALL =
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Reasoning on individuals

create a new individual p2 in the class owl;Thing
p2 hasTopping t1
make hasTopping inverseFonctional

- verify that p2 is the same as p1

[ Class hierarchy || Glass hiesarchy (inferred) | Members list {infered) [ Annotations I Usage

emoen s | T
+ Members list p2 ay
t. : £ Annotations L

v Thing IE @

© Pizza & p1

E ¢ PizzaBase *p2 Description: p2 Property assertions: p2
v ':.---PIZ(Z:?IL:Euzl—prpiﬂg . i1 Types Ohject property assertions
@ MozarellaTopping © Thing m hasTopping t1
@ ParemezanTopping O Pizza m hasIngredient t1

b MeatTopping
p-- 0 SeafoodTopping
’. ] VegetableTopping Same Individual As

’ pl Data property assertions

®m hasIngredient paremezanl
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Testing for Inconsistent Classes

To demonstrate the use of the reasoner in detecting inconsistencies in the ontology create
a ProbeInconsistentTopping class that is a subclass of both CheeseTopping and also
VegetableTopping.

[ Class hierarchy |  Class hiesarchy (infered) | ( Annotations || Usage |
Class hierarchy: ProbelnconsisteniTopping  MBEE

]3] [x]

Annotations

¥-- @ Thing = = =

> @ Pizza | Description: ProbeinconsistentTopping |

* ® PEZZB BﬂS’E_ Equivalent To .
Create a subclass of v-® Pﬁf@p:lg ) Click on the Add SubClass of button on

- i eeseTopping . .
CheeseTopping named @ - ProbelnconsistentTopping || | s0iess of @) the ProbeInconsistentTopping
. . -~ @ MozazerallaTopping © CheeseTopping class Description View.
ProbeInconsistentTopping " ® paremezanTopping
| | l;----.MeatToppl'ng

- SubClacg Of (Anonymous Ancestor)

<€ ProbelnconsistentTopping

ensure that the ProbelnconsistentTopping

[ Class expression editor | Object restriction creator | Data restriction creator | Ciass hierarchy | ‘ class description is correct.@
[2a]] [ Inthe Class hierarchy tab of the Annctations | Usage |
A :T:”;?m dialog select VegetableTopping class Annotations: ProbelnconsistentTopping
b @ PizzaBase | Ennatations

V- PizzaTopping
p- & CheeseTopping

b @ MeatTopping Description: ProbelnconsistentTopping
- SeafoodTopping
¥ VegetableTopping Equivalent To

SubClass Of
@ CheeseTopping

@' VegetableTopping

I oK | | Annuler |

SubClass Of (Anonymous Ancestor)
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Testing for Inconsistent Classes

Nothing ???

File Edit View | Reasoner Toole Refactor Window Help

E o> ’Fp Start reasoner Ctr-R i_.[: s [0
“active Ontoogy | 1 B e Moty and e et troma o By owl :Nothing is a predefined class
of individuals. . .

( Class riararchy [ e Fatiors U] whose extension is the empty set.
Configure... i i
BRI In the Reasoner drop dow menu Consequently, owl :Nothing isa
JJ J FaCT== start the Hermit Reasoner
V- OThing | e HermiT 138 _ e subclass of every class and a class

b ®Pizza| . Hat

b @ Pizza B equivalent to owl :Nothing is

inconsistent, it can't have any instances. |

<€ pizza (http://www.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\WebSemantique\Cours_M2GI

File Edit View Reasoner Tools Refactor ‘Window  Help

E o> |® pizza (http:ifwww . pizza.com/ontologies/pi In the ClaSS hier‘ar'Chy(in'Fer‘r'ed) tab,
Aciive Ontobgy | Entiies | casses | obeeirropenies  ProbeInconsistentTopping should

Why ProbeInconsistentTopping has
been found as inconsistent ?

O = i | , appear as asubclass of Nothing. In the
| description view it should appear as Equivalent
. to the Nothing class.
. ProbelnconsistentTopping because its superclasses VegetableTopping
'_ Pizza . . . .
> @ Pizzabase T2 and CheeseTopping are disjoint from each
- @ PizzaTopping - T
e other = individuals that are members of the class
Subciass 01 CheeseTopping cannot be members of the class
@ cCh Toppi . .
o vegetableronping VegetableTopping and vice-versa.

@ AmaricanaHotPizza
@ AmaricanaPizza

@ AnchovyTopping

@ CaperTopping

A LG R =T
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Reasoning about classes

Testing for Inconsistent Classes

Remove the disjoint statement between CheeseTopping and VegetableTopping to see
what happens.

[ <4 pizza (http://www.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\WebSemantique\Cours_M2GI\PizzaT... Elglg B 'oc= Refactor  Window
Fie Edit Wiew Reasoner Toole Refactor Window Help I
IE o> |® pizza (http://www.pizza.com/ontologies/pizza.owl) v| | | Synchronize reazoner Synchronize the reasoner to
e — e —— Stop reasoner take into account the change
[ Class hi | Glass hi i | [ Annotetions [ Usage
to the 0nt0|0gy
@IE @ | B Configure...
i "
> ovizza Select the FaCT+=
¥ @ pizzaTopping 1 CheeseTopping class ¢ femm 128
¥ CheeseTopping
i @ ProbeInconsistentTopping . Mone
: - @ MozazerallaTopping @ PizzaTopping
i - ParemezanTopping
*  MeatTopping SubClass Of (Znonymous Ancestar)
¥ SeafoodTopping : :
§-- I VegetableTopping
hembers
Click on the Remove Disjoint With
Target for Kay .
’ @ button on the CheeseTopping class
Disjoint With s s s
© VegetableTopplag, SeafoodTopplng, HeatTopping o Description View.
Disjoint Union Of | ‘

@ Verify that ProbeInconsistentTopping is no longer inconsistent.

@ Fix the ontology by making again CheeseTopping and its siblings classes disjoint from each other
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* Using properties to describe classes
— Properties restriction



Properties Restrictions

* In the previous examples, classes were explicitly defined.
- named classes

* In OWL a class can be described or defined by the relationships that its
members (individuals) participate in.
—> properties restrictions (another kind of classes)
— examples:

* The class of individuals that have more than three hasTopping
relationships.

* The class of individuals that have at least one hasTopping relationship to
individuals that are members of MozzarellaTopping —i.e. the class of
things that have at least one kind of mozzarella topping.

* The class of individuals that only have hasTopping relationships to

members of VegetableTopping —i.e. the class of individuals that only
have toppings that are vegetable toppings.
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Using properties to describe classes

Categories of restrictions

* three main categories of properties restrictions

— Quantifiers Restrictions

* Existential Restrictions (owl:someValuesFrom restricition <~ 3 quantifier in D.L.)

— classes of individuals that participate in at least one relationship along a specified
property to individuals that are members of a specified class.

— ex: the class of individuals that have at least one (some) hasTopping relationship to
members of Mozzarel LaTopping

* Universal Restrictions (owl:allValuesFrom restriction < V quantifier in D.L.)

— classes of individuals that for a given property only have relationships along this property
to individuals that are members of a specified class.

— ex: the class of individuals that only have hasTopping relationships to members of
VegetableTopping.

— Cardinality Restrictions

— hasValue Restrictions
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Using properties to describeclasses
Creating a class with an existential restriction

Add an existential restriction to the Pizza class that specifies a P1zza must have a PizzaBase

[ Class hierarchy | Class hiesarchy (infemed) | [ Annotations || Usage |
Annotations: Pizza
@E @ Annotations
Select the - #Thing
. - Pizza
Pizza -® PizzaBase
. i DeepPanBase
cIass i i~ ® ThinAndCripsyBase
p-- 0 PizzaTopping Pr————
S Select the Add icon next to SubClass Of header
subciass o (@) in the Class Description View .
<€ Pizza u
" Object restriction creator | Class expression editor | Data restriction creator | Class hierarchy |
Restricted property Restriction filler |
o[zl %[l [x] vl
-- m hasIngredient o PEzza . .
the property hierarchy in (3 ) ~=hassase > PizzaBase the xlass hierarchy in
m hasTopping p-- @ PizzaTopping

Restricted property view. » misIngredientOf Restricted property view.

Equivalent To

SubClass Of
© hasBase some PizzaBase

SubClass Of (Anonymous Ancestor)

Restriction type

Select the Some (existential)
restriction type.

mbers

Some (existential)

Validate and ensure that the
Pizza description is correct.

in - Unive e enoble Alpe Disjoirt With 47
@ PizzaTopping, PizzaBase

6

et for Key



Using properties to describe classes

Interpretation of existential restrictions

Meaning of the restriction

Restrictions are used in OWL class descriptions to specify anonymous

Equivalerit To . .
superclasses (unnamed classes) of the class being described.

The anonymous class corresponding to a restriction contains all of the individuals that

satisfy the restriction —i.e. all of the individuals that have the relationships required to

be a member of the class.

SubClass Of
¢ hasBase some PizzaBase

SubClass Of (fnonymous Ancestor)

Members Tu rtle blank node corresponding
:Pizza rdf:type owl:Class ; to an anonymous class
Target for Key rdfs:subClassOf [
rdf:type owl:Restriction ;
Disjoint With owl:onProperty :hasBase ;
' PizzaTopping, PizzaBase owl:someValuesFrom :PizzaBase
1.

RDF/XML

<!-- http://www.pizza.com/ontologies/pizza.owl#Pizza -->

<owl:Class rdf:about="http://www.pizza.com/ontologies/pizza.owl#Pizza">

<rdfs:subClassOf>

<owl:Restriction>
<owl:onProperty rdf:resource="http://www.pizza.com/ontologies/pizza.owl#hasBase"/>

<owl:someValuesFrom rdf:resource="http://www.pizza.com/ontologies/pizza.owl#PizzaBase"/>

</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>
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Interpretation of existential restrictions

Description: Pizza
BEquivalent To
SubClass Of Tu rtle
 hasBase some PizzaBase :Pizza rdf:type owl:Class ;
rdfs:subClassOof [
SubClass Of (Anonymous Ancestar) rdf: type owl:Restriction 5
owl:onProperty :hasBase ;
hembers owl:someValuesFrom :PizzaBase
] .
Target for Key
Disisint With the class Pizza is a subclass of Thing and a subclass of the
 PizzaTopping, PizzaBase things that have a base which is some kind of PizzaBase.

Pizza

PizzaBase

the someValuesFrom restriction defines a
necessary condition :

To be a Pizza an individual must at least
have one hasBase relationship with a
PizzaBase.

Things that have at least
one PizzaBase
(hasBase some PizzaBase)

but it is not sufficient :
individuals that have a PizzaBase are not
necessary members of the Pizza class
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Creating subclasses of the Pizza class

Class hierarchy | Class hierarchy (inferred) |

Class hierarchy: Pizza

RIENIET

¥ @ Thing

. ¥ NamedPizza

- MargheritaPizza
b PizzaBase

b PizzaTopping

Create a subclass of Pizza called NamedPizza, and a subclass of
NamedPizza called MargheritaPizza

[ Class hierarchy |  Class hiesarchy (inferred) | [ Annctations |  Usage |
Annotations: MargheritaPizza
!; -=+ ﬁ Annotations
T—---':I'Thirlg
¥ 0 Pizza Description: MargheritaPizza
¥-- ' NamedPizza
5 e I'Hanjier'llaPiRa Equivalent To
b PizzaBase
Create an existential (some) restriction on 2 s R )
M h i taPi h | h ¢ hasTopping some MozazerallaTopping
argheritaPizza t_ at acts along the propertY @ hasTopping some TomatoTopping
hasTopping with a filler of MozzarellaTopping ® NamedPizza @ Do th for TomatoT )
to specify that a MargheritaPizza has at least one O the samefor lomatolopplng
MOZ Za r‘ellaTOppi ng SubClass Of (Anonymous Ancestor)
| H @ hasBase some PizzaBase
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Creating other subclasses of NamedPizza

Now create the class to represent an Americana Pizza, which has
toppings of pepperoni, mozzarella and tomato.

<4 Duplicate Class i
@ Select the 3 name.the dup!lcate class
Name: AmaricanaPizzal Amerlcanaplz Za

R Pl sl

Equivalent To

SubClass Of
© hasTopping some MozazerallaTopping
© hasTopping some PepperoniTopping
© hasTopping some TomatoTopping
@ NamedPizza

(ﬁnnntﬂti{:ns rlhsge |
Annotations: AmaricanaPizza

Annotations

MargheritaPizza class
IR | hitp:/fwww pizza. com/ontologies/pizza.owEAmaricanal ‘ |
<€ pizza (http://www.pizza.com/ontologies/y r Class hissarchy I/ Famit hy (infened) |
New entity optiol
Edit View Reasoner Tools Refactor Wi Class hierarchy. AmaricanaPizza MEEE
Ctri-Z )

AEAIE:
Redo CtrisMzj-Z : ’

Where you would like to duplicate the clazs? "

¥ @ Thing
' active ontology T © Pizza
i@ original ontology(ies) ‘. © NamedPizza
- AmaricanaPizza
Delete ... CirSupprims Duplicate annotations : - MargheritaPizza
k- 0 PizzaBase
TS 3 lElzzalo.nnmn_E

Create new GrkN S | ¢, AmnaricanaPizza
Create child Ctrl-Barre obliqus invarse

Create sibling

Ctri-Bame obligue

Restricted property

@

Duplicate selected class...

Convert to primitive class

Select Duplicate
selected class from
the Edit menu

CtrMai-C
Ctrp

(=] =][x]

[ Oblect restriction creator | Class hierarchy | Data restriction creator | Class expression edtor |

Restriction filer

[w[s][=

¥ mtopObjectProperty
¥ mhasIngredient
- mhasBase
- mhasTopping
b misIngredientOf

Add an existential (some)

restriction for property
hasTopping with filer
PepperoniTopping

¥ @ Thing
¥ O Pizza
»- @ PizzaBase

@ HamTopping
PepperoniTopping
@ SalamiTopping
.~ SpicyBeefTopping
) @ SeafoodTopping

p-- & VegetableTopping

@rcﬁon type

Some (existential) *|  Cardinality

| oK

| ‘ Annuler ‘

L
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select the + icon next to
Subclass of headerin th
AmericanaPizza
subciass of (@) description view

@ hasTopping some MozazerallaTopping

Equivalent To

@ hasTopping some TomatoTopping
@ NamedPizza

SubClass Of (fnonymous Ancestor)

@ hasBase some PizzaBase
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Creating other subclasses of NamedPizza

Create an AmericanaHotPizza class
same topping as AmericanaPizza + Jalapeno pepper

Bquivalent To

SubClass Of
© hasTopping some JalapenoPepperTopping
© hasTopping some MozazerallaTopping
© hasTopping some PepperoniTopping
© hasTopping some TomatoTopping
@ NamedPizza

SubClass Of (fnonymous Ancestor)

© hasBase some PizzaBase

@ Make subclasses of NamedPizza disjoint from each other -. =

Active Ontology | Entties | Classes | Object Proj

[ Class hierarchy || Class hierarchy {infened) |
Class hierarchy: MargheritaPizza

e

¥ Pizza
i CheesyPizza

¥ & NamedPizza
-~ AmaricanaHotPizza
@ AmaricanaPizza
-~ MargheritaPizza
- SohoPizza
b PizzaBase
P 0 PizzaTopping

Select the MargheritaPizza
class

Create an SohoPizza class (2)
same topping as MagheritaPizzaP1izza + olives+ parmezan cheese

Description: SohoPizza

Equivalert To

SubClazs Of
© hasTopping some MozazerallaTopping
@ hasTopping some OliveTopping
@ hasTopping some ParemezanTopping
@ hasTopping some TomatoTopping
' NamedPizza

SubClazs Of (Anonymous Ancestor)

" hasBase some PizzaBase

Edit View Reasoner Toole Refactor Window  Help

NelH e ?ﬂm

Undo CtrkZ

Redo CtrieMaj-Z

Delete ... ‘Ctri-Supprimer

Create new CtrkN

Create child ‘CtrkBare obligus inverse

Create sibling

CtrHBame obligue

Duplicate zelected class. ..

Convert to primitive class
Convert to defined class

Add covering axiom

Select the Make primitive
siblings disjoint optionin
the Edit menu

Make all individuals distinct...
Make primitive siblings disjoint

Remove digjpints for subclaszes. .
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Using properties to describe classes

Necessary and sufficient conditions

Create a subclass of Pizza called CheesyPizza and specify that it has at least one
topping that is a kind of CheeseTopping

[ Class hieserchy | Class hiesarchy (infemed) | [ Annctations I Usage

Class hierarchy: CheesyPizza (=0 Annotations: CheesyPizza

Annotations

@ NamedPizza Equivalent To
F @' PizzaBase
B 0 PizzaTopping

SubClass Of

@ hasTopping some CheeseTopping } What does |t means ?

@ Pizza
SubClass Of (#nonymous Ancestor) if Something is a CheesyPiZZa it is
@ hasBase some PizzaBase . . ey .
necessarily a Pizza and it is necessary for
i it to have at least one topping that is a

kind of CheeseTopping.
CheesyPizza

hasTopping some
CheeseTopping

A necessary condition for CheesyPizza individuals
but not sufficient to determine that an individual with

a CheeseToping is a member of the CheesyPizza
class
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Necessary and sufficient conditions

CheesyPizza Turtle
SubClass Of ### http://www.pizza.com/ontologies/pizza.owl#CheesyPizza
@ hasTopping some CheeseTopping
@ Pizza :CheesyPizza rdf:type owl:Class ;

rdfs:subClassOf :Pizza ,
[ rdf:type owl:Restriction ;
owl:onProperty :hasTopping ;
owl:someValuesFrom :CheeseTopping

]

RDF/XML

<!-- http://www.pizza.com/ontologies/pizza.owl#CheesyPizza -->

<owl:Class rdf:about="http://www.pizza.com/ontologies/pizza.owl#CheesyPizza">
<rdfs:subClassOf rdf:resource="http://www.pizza.com/ontologies/pizza.owl#Pizza"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="http://www.pizza.com/ontologies/pizza.owl#hasTopping"/>
<owl:someValuesFrom rdf:resource="http://www.pizza.com/ontologies/pizza.owl#CheeseTopping"/>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>
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Using properties to describe classes

Necessary and sufficient conditions

Convert the necessary conditions for CheesyPizza into necessary & sufficient conditions

Edit View Reasoner Tools Refactor Window

Help

Undo

CtrkZ

Redo Crlshaj-Z
erties | ndi
Usage
cesyPizza
Delete ... Cirl-Supprimer
esyPizza
Create new Ctrl-N
Create child Ctri-Bame obligus inverss
Create sibling Ctri-Barre obliqus
pping somi

Duplicate selected class...
Convert to primitive class

Convert to defined class

Ctrbehai-C
Ctrp

CtrkD

ymous Ancest

Co conan I

Converts the superclazses of the selected class to an equivalent class. |

MakearrrrrrmETsursTeT

Make primitive siblings disjoint

CheesyPizza

Ctrl-J

Ensure that CheesyPizza is
selected in the class hierarchy

and then in the Edit menu @ The Class Description View
select Convert to defined should now look like this

class _ _
Annotations: CheesyPizza
EE @ | Annotations
¥ @ Thing

v Pizza Description: CheesyPizza

@ NamedPizza Equivalent To
k- @ PizzaBase @ Pizza
»  PizzaTopping and (hasTopping some CheeseTopping)

SubClass Of

SubClass Of (fnonymous Ancestor)

© hasBase some PizzaBase

hasTopping some
CheeseTopping

if an individual is a member of the class Pizza and it
has at least one topping that is a member of the class
CheeseTopping then these conditions are sufficient
to determine that the individual must be a member of
the class CheesyPizza
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Using properties to describe classes

Necessary and sufficient conditions

CheesyPizza Turtle
Equivalent To ### http://www.pizza.com/ontologies/pizza.owl#CheesyPizza
¥ Pizza

and (hasTopping some CheeseTopping) :CheesyPizza rdf:typ€ owl:Class ;
owl:equivalentClass [ rdf:type owl:Class ;
owl:intersectionOf (
:Pizza
[ rdf:type owl:Restriction ;
owl:onProperty :hasTopping ;
owl:someValuesFrom :CheeseTopping

]

RDF/XML

<!-- http://www.pizza.com/ontologies/pizza.owl#CheesyPizza -->

<owl:Class rdf:about="http://www.pizza.com/ontologies/pizza.owl#CheesyPizza">
<owl:equivalentClass>

<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">

<rdf:Description rdf:about="http://www.pizza.com/ontologies/pizza.owl#Pizza"/>
<owl:Restriction>

<owl:onProperty rdf:resource="http://www.pizza.com/ontologies/pizza.owl#hasTopping"/>
<owl:someValuesFrom

rdf:resource="http://www.pizza.com/ontologies/pizza.owl#CheeseTopping"/>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
</owl:Class>
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Using properties to describe classes

Primitive and Defined Classes

Necessary Conditions

CheesyPizza
Pizza SubClass Of
. | implies ; © hasTopping some CheeseTopping
hasTopping some CheeseTopping @ pizza
Primitive Class If an individual is a member of CheesyPizza then it must satisfy
the conditions. However if some individual satisfies these
necessary conditions, we cannot say that it is a member of
CheesyPizza
Necessary & Sufficient Conditions
Cheesyplzza Pizza Bquivalert To

< implies > 5 . @ Pizza
hasTopping some CheeseTopping and (hasTopping some CheeseTopping)

If an individual is a member of CheesyPizza then it must satisfy

Defined Class* the conditions. If some individual satisfies the conditions then
the individual must be a member of CheesyPizza

* Classes that have at least one set of necessary and sufficient conditions are known as defined classes —
they have a definition, and any individual that satisfies the definition will belong to the class.
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Using properties to describe classes

Automated Classification of Defined Classes

Use the reasoner to automatically compute the subclasses of CheesyPizza

(select Start reasoner or Synchronize reasoner inthe Reasoner menu).

[ Class hierarchy |  Class hiesarchy (infemed) |

Class hiesarchy |  Class hierarchy {infemred) |

il | | = ¥ @ Thing
: b @ Nothing
e 1Z7a § — ¥ © CheesyPizza
- el reasoner i i
v & NamedPizza | = .Anmr!canaH!}tplz?_a
- AmaricanaHotPizza - AmaricanaPizza
© AmaricanaPizza @ MargheritaPizza
- MargheritaPizza - SohoPizza
‘. 0 SohoPizza b NamedPizza
- @ PizzaBase B PizzaBase
B PizzaTopping b 0 PizzaTopping
Asserted Class Hierarchy Inferred Class Hierarchy
Any individual that is a Pizza and has at least one topping that is a
CheeseTopping is a member of the class CheesyPizza
Pizza
4 All of the individuals that are described by the classes
I I MargheritaPizza, AmericanaPizza, AmericanHotPizza
NP CheesyPizza and §ohoPlzza are P.uzas and they have at least one topping
A that is a CheeseTopping
Zr = MargheritaPizza, AmericanaPizza,
AmericanHotPizza and SohoPizza must
| T T | be subclasses of CheesyPizza
AmaricanaHotPizza AmaricanaPizza MargheritaPizza SohoPizza
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Using properties to describe classes

Creating a class with an universal restriction

Create a class to describe a VegetarianPizza, a class whose members can only have
toppings that are CheeseTopping or VegetableTopping.

[ Class hierarchy || Class hierarchy (infened) | [ Annotations I Usage

t; .=+ E Annotations -

¥ @ Thing < VegetarianPizza u
?----.Pizza

- VegetarianPizza
- & CheesyPizza

[ Object restriction creator | Class expression editor | Data restriction creator | Class hierarchy |

Create a subclass of

h vl hasTopping only (CheeseTopping or VegetabIeTopping)| ||
--,NamedPlzza uivalent Ta ] |
Pizza, and name it E:E?ﬁ:?ﬁ;ﬁmg e @ Type hasTopping only (CheeseToping or
VegetarianPizza o pize VegetableTopping) inthe Class expression
editor tab of the dialog.
Click on the Add SubClass of button (CTRL+Space for code completion)
on the VegetarianPizza class

i
Description View. ‘

I OK I | Annuler |

Validate and ensure that

VegetarianPizza ### http://www.pizza.com/ontologies/pizza.owl#VegetarianPizza

description is correct | yivsier 7 ‘VegetarianPizza
rdf:type owl:Class ;
s 0f rdfs:subClassOf :Pizza ,
® hasTopping only [ rdf:type owl:Restriction ;
{CheeseTopping owl:onProperty :hasTopping ;
or VegetableTopping) [} > owl:allvaluesFrom [ rdf:type owl:Class ;
Pizza owl:unionof (
Universal (V quantifier)restriction :CheeseTopping
:VegetableTopping
)
1
] .
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Using properties to describe classes

Interpretation of universal restrictions

e ———— ### http://www.pizza.com/ontologies/pizza.owl#VegetarianPizza
Faknt o :VegetarianPizza
R rdf:type owl:Class ;
@ hasTopping only rdfs:subClassOf :Pizza )
(CheeseTopping [ rdf:type owl:Restriction ;
or VegetableTopping) .
o ric owl:onProperty :hasTopping ;
° owl:allValuesFrom [ rdf:type owl:Class ;
owl:unionOf (
L . . L :CheeseTopping
If something is a member of the class VegetarianPizza it is :VegetableTopping
necessary for it to be a kind of Pizza and it is necessary for it to )
only ( V universal quantifier) have toppings that are kinds of ]
CheeseTopping or kinds of VegetableTopping. ]
and
e — :VegetarianPizza
Fuvalert To rdf:type owl:Class ;
R rdfs:subClassOf :Pizza ,
® hasTopping only [ rdf:type owl:Restriction ;
(CheeseTopping owl:onProperty :hasTopping ;
_ang VegetableTopping) owl:allValuesFrom [ rdf:type owl:Class ;
@ Pizza . .
owl:intersectionOf (
:CheeseTopping
:VegetableTopping
)
If something is a member of the class VegetarianPizza it is ] ]

necessary for it to be a kind of Pizza and it is necessary for it to

only ( V universal quantifier) have toppings that are kinds of Inconsistent because CheeseTopping and
CheeseTopping and kinds of VegetableTopping. VegetableTopping are disjoint classes
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Interpretation of universal restrictions

e est-ce vrai sion a fait une defined class ? Pizza sans topping classée dans Vegy ?

Equivalert To

SubClass Of
© hasTopping only
{CheeseTopping
or VegetableTopping)
@ Pizza

All hasTopping relationships that individuals which are members
of the class VegetarianPizza participate in must be to individuals that are
either members of the class CheeseTopping or VegetableTopping

VegetarianPizza

PizzaTopping

The class VegetarianPizza
also contains individuals that
are Pizzas and do not
participateinany sl

hasTopping relationships h

VegetableTopping

Pizza CheeseTopping
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Automated Classification and Open World Reasoning

Classification of NamedPizzas

Use the reasoner to classify the ontology (Start Reasoner or Synchronize Reasoner button

in the Reasoner drop down menu)
| Pizza :

CheesyPizza ‘NamedPizza VegetarianPizza
- K3
Equivalent To A Equivalent To “ -_--‘-
© pizza @ pizza ) : We don't get this
and (hasTopping somejCheeseTopping) and (hasTopping only 4 .
(CheeseTopping ; inferences. Why ?

or VegetableTopping)) 1

LAmar‘icanaHotPizza ‘Amar‘icanaPizza LMar‘gher‘itaPizza L SohoPizza

Subclass Of Subclass Of Subclass Of Subclass Of
@ hasTopping some JalapenoPepperTopping " hasTopping some MozarellaTopping © hasTopping some MozarellaTopping " hasTopping some MozarellaTopping
© hasTopping some MozarellaTopping © hasTopping some PepperoniTopping © hasTopping some TomatoTopping © hasTopping some OliveTopping
© hasTopping some PepperoniTopping © hasTopping some TomatoTopping © NamedPizza © hasTopping some ParemezanTopping
© hasTopping some TomatoTopping ¢ NamedPizza © hasTopping some TomatoTopping
@ NamedPizza @ NamedPizza

MargheritaPizza and SohoPizza have something missing from their definition that means
they cannot be classified as subclasses of VegetarianPizza
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Open World Assumption (OWA)

 Open World Assumption : we cannot assume something
doesn’t exist until it is explicitly stated that it does not exist

— In other words, because something hasn’t been stated to be true, it
cannot be assumed to be false — it is assumed that ‘the knowledge
just hasn’t been added to the knowledge base’.

VegetarianPizza MargheritaPizz . . . .
g argherita a OWA - until we explicitly say that a MargheritaPizza
o pionyalent To Subclass Of only has these kinds of toppings, it is assumed (by the
© hasT i M llaT i 3 1
and (hasTopping only as on!"g some Tozareta o|-1p|ng reasoner) that a Mar‘gher'ltaPlzza could have other
. © hasTopping some TomatoTopping
{CheeseTopping toppines
or VegetableTopping)) @ NamedPizza ppIng

a closure axiom must be added on the hasTopping property

* Closure axiom on a property : a universal restriction (only) that acts along
the property to say that it can only be filled by the specified fillers.

restriction filler : the union of the fillers that occur in the existential restrictions for
the property
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Automated Classification and Open World Reasoning

Adding a closure axiom to MargheritaPizza

Click on the Add SubClass of button on

[ Class hi " class hi (" Annotations || Usage |
Class hierarchy: MargheritaPizza MBEEE Annotations: MargheritaPizza
!: -=+ ﬂ Annotations
¥-- @ Thing
v O Pizza

- & CheesyPizza
NamedPizza
AmaricanaHotPizza
AmaricanaPizza
MargheritaPizza

- SohoPizza

. 1VegetarianPizza
Select - zzaBase

the MargheritaPizza class
Description View.

Equivalent To

SubClass Of
@ hasTopping some MozarellaTopping
@ hasT some Ti toToppi

- Tt —
=LLL,

Ma r‘gher‘itapizza zzaTopbping
<€ MargheritaPizza

|

| Object restriction creator | Data restriction creator | Class hisrarchy | Class expression editor |

Type hasTopping only (MozarellaTopping or
TomatoTopping) inthe Class expression editor
tab of the dialog. (CTRL+Space for code completion)

hasTopping only (MozarellaTopping or TomatoTopping]|

e

Class hierarchy r Class hierarchy {infemed)

Class hierarchy (inferred). MargheritaPizza

I Ok I | Annuler

Execute the Reasoner to verify that C
MargheritaPizzais correctly classified

Y- .. Thing
B @ Nothing

¥ & CheesyPizza

----- ¢ AmaricanaHotPizza

----- ¢ AmaricanaPizza

----- @ MargheritaPizza

----- ¢ SohoPizza

----- @ AmaricanaHotPizza
----- ¢ AmaricanaPizza
----- @ MargheritaPizza
----- ¢ sSohoPizza
¥-- & VegetarianPizza
. MargheritaPizza
B PizzaBase
p--  PizzaTopping

) ¥ NamedPizza
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Automated Classification and Open World Reasoning

Adding a closure axiom to other NamedPizzas

Add a closure axiom on the hasTopping property for SohoPizza .

Class hierarchy || Glass hiesarchy (infered) |

Class hierarchy: SohoPizza MBEE

R E|E

Annctations Usage

Annotations: SohoPizza

Annotations

¥-- @ Thing

v @ Pizza

& CheesyPizza

@ NamedPizza

© AmaricanaHotPizza

- AmaricanaPizza
S.E|6Ct ..... @ MargheritaPizza
SohoPizza \ . SohoPizza

. & VegetarianPizza
p-- @ PizzaBase
p-- @ PizzaTopping

Description: SohoPizza

Equivalant Ta

SubClass Of
* hasTopping some MozarellaTopping
@ hasTopping some OliveTopping
© hasTopping some ParemezanTopping
© hasTopping some TomatoTopping
© NamedPizza

Type hasTopping only (MozarellaTopping or
TomatoTopping) inthe Class expression editor
tab of the dialog. (CTRL+Space for code completion)

Do the same for AmericanaPizza and AmericanaHotPizza

@ Execute the reasoner

In the class description view,

z@ select one of the restrictions

Switch to defining Dntulugy@

Move axiom(g) to entology...

Right click the restriction and
select Create closure axiom.

Convert zelected rows to defined class

Create new defined class

Create closure axiom

Class hierarchy | Class hierarchy (infemed) |

@ verify that

NamedPizzas are
correctly classified

Class hierarchy (inferred). SohoPizza 1=
¥ & Thing

B @ Nothing

¥ Pizza

V- & CheesyPizza
----- © AmaricanaHotPizza
----- & AmaricanaPizza
----- ¢ MargheritaPizza
----- ¥ SohoPizza
¥ NamedPizza
----- @ AmaricanaHotPizza
----- @ AmaricanaPizza
----- ¢ MargheritaPizza
----- © SohoPizza
¥ & VegetarianPizza

- MargheritaPizza

~- 1 SphoPizza

b PizzaBase
p-- 0 PizzaTopping
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Value Partition

 we want to express the spiciness that can be one of the three
values : Mild, Medium and Hot

- use a value partition

* Value Partition:
— restrict the range of possible values to an exhaustive list
— not part of OWL

— adesign pattern : a solution that has been developed by experts and
is now recognized as a proven solution for solving common modelling
problems
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Creating a Value Partition in OWL

1. Create a class to represent the ValuePartition.
SpicinessValuePartition to represent a ‘spiciness’ ValuePartition

2. Create subclasses of the ValuePartition to represent the possible options
for the ValuePartition.
Mild, Medium and Hot classes as subclasses SpicinessValuePartition.

3. Make the subclasses of the ValuePartition class disjoint.
Provide a covering axiom to make the list of value types exhaustive
5. Create an object property for the ValuePartition.
hasSpiciness property
6. Make the property functional.

7. Set the range of the property as the ValuePartition class.
set the range of hasSpiciness property to SpicinessValuePartition.
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Value Partitions

Covering Axioms

e A covering axiom consists of two parts:
— the class that is being ‘covered’,
— and the classes that form the covering

* in OWL = define the union of the classes forming the covering as a
superclass of the covered class

SpicinessValuePartition Medium SpicinessValuePartition Medium

RVAE;

Mild

Hot Hot

<
O Qo ¢
Mild 0000
O

without covering axiom with covering axiom

Mild, Medium and Hot are subclasses of SpicinessValuePartition
and Mild U Medium U Hot is a superclass of SpicinessValuePartition
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Creating SpicinessValuePartition

[ Class hiesarchy | Class hiesarchy (infemed) | [ Annctstions [{ Usage |

Class hierarchy. SpicinessValuePa MBEEE= Annotations: SpicinessValuePartition

Create ValuePartitionasub AN |

class of Thing and - Cli '
. _— = ick on the Add Equivalent To
s s g - @ Thing Description: Spicine 2V
SpicinessValuePartitiona : BN the

ey ¥ 0 ValuePartition
sub class of ValuePartition. L. . . cps
SpicinessValuePartition class

Description View.

Equivalent To

L @ Hot
Create Hot, MEdium, and Mild @ L J H«-Edil.lm SubClass Of
three subclasses of Piz;_: Mild @ © ValuePartition
SpicinessValuePartition. o piooono o Make the classes Hot, Medium, and Mild disjoint from each
b PizzaTopping  other(select the class Hot, and select ‘Make all primitive
‘ siblings disjoint’ from the ‘Edit’ menu.

|- T
< SpicinessValuePartition X Active Ontology | Entiies | Classes | Object Properties | Data Properties | Individuale | OWLViz | DL Query | OntoGraf
Object property hierarchy: hasSpiciness MBEEE (mr—|
[ Object restriction creator | Class hierarchy | Class expression editor | Data restriction creator | i o __
Hot or Medium or Mild H = tlj Annotations: hasSpiciness
v :-topob jectProperty Annotations
Add a covering axiom : type Hot or Medium - mhasSpiciness
. . . - m hasIngredient
or Mild in the dialog box. b misIngredientOf

Characteristics: hasSpi B E Description: hasSpiciness
Functienal Equivalent To

In the ‘Object Property Tab’createa
new Object Property called hasSpiciness.

I | ST Inverse Of

SubProperty Of

oK
. Set the range of this property to
SpicinessValuePartition.

Dornains (irtersection)

Ranges (intersection)
= SpicinessValuePartition

Make this new property functional
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Adding Spiciness to Pizza Toppings

Class hierarchy || Class hierarchy (infemed) |
Class hierarchy: JalapenoPepperTopping

Annotations Usage
Annotations: JalapenoPepperToy

MEEE

B E[ET

Select
JalapenoPepperTopping.

Restricted property Restriction filer
: ) RedPepperTopping Target far Key
-~ ProbeInconsistentTopping Eﬂ E ﬂﬂ E
‘- TomatoTopping Bisjoint With V- mtopObjectProperty v @ Thing
w hasIngredient b @ Pizza

k- @ CheeseTopping

k- @ MeatTopping

- @ SeafoodTopping

v- 8 VegetableTopping

@ CaperTopping

@ MushroomTopping
@ OliveTopping

@ OnionTopping

@ PepperTopping

- - ) GreenPepperTopping
© JalapenoPepperTopping

Description: JalapenoPepperTopping

Equivalent Ta Create an existential restriction @ VO epartition
hasSpiciness some Hot in U e mild
SubSia= 0T the 'Object restriction
© hasSpiciness some Hot .
® PepperTopping creator' dialog :
Cardinaity
SubClass Of (Anonymous Ancestar)
I Ok I | Annuler

Members

Target for Key

Disjoint With

@

Ensure that
JalapenoPepperTopping
description looks like this

@ GreenPepperTopping, RedPepperTopping

Disjoint Union Of

Annotations

Equivalent Ta

SubClass Of °

@ Peppe ml ing
SubClass Of (Anonymous Ancestor)

Members

®

F

¥ @ Thing
- @ ValuePartition
p-- @ Pizza —— .
k- PizzaBase SESSEEEEEEE Click on the Add
¥ @ PizzaTopping

Subclass Of button

<4 JalapenoPepperTopping

-

[ Object restriction creator | Class hierarchy | Data restriction creator | Class expression editor |

;- mhasSpiciness
p-- misIngredientOf

# @ PizzaBase
»-- @ PizzaTopping
¥ @ valuePartition

Optional
Repeat this for each of the bottom level

PizzaToppings (those that have no subclasses) to
state it's spiciness (one of Hot, Medium or Mild)
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Value Partitions

Creating SpicyPizza as subclass of Pizza

Create SpiccyPizza as subclass of P1zza with the following
Active Ontology | Entites | Classes | Object Properties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf | §

[ Class hierarchy | Class hierarchy (infemed) | [ Annctstions || Usage |
Class hierarchy: SpiccyPizza MBEE Annotations: SpiccyPizza
!; -=+ ﬁ Annotations
¥-- @ Thing
- @ ValuePartition
V- @flzza
- = SpiccyPizza Description: SpiccyPizza

- & CheesyPizza

Equivalent To
- NamedPizza .
. L. & VegetarianPizza @ Pizza i
) @ PizzaBase and (hasTopping some
b @ PizzaTopping (PizzaTopping

and (hasSpiciness some Hot)

SubClass Of

SubClass Of (Anonymous Ancestor)

¢ hasBase some PizzaBase

An anonymous class which contains the individuals that are members of the
class PizzaTopping and also members of the class of individuals that are
related to the members of class Hot via the hasSpiciness property

< the things that are PizzaToppings and have a spiciness that is Hot.

Meaning of SpicyPizza description :

* all members of SpicyPizza are Pizzas and have at least one topping that has a Spiciness of Hot
 anything that is a Pizza and has at least one topping that has a spiciness of Hot is a SpicyPizza
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Classifying the ontology

([ Class hiesarchy |  Class hiesarchy (infemed) |
Class hierarchy (inferred): Hot M= = =]

¥ @ Thing

k- @ Nothing

¥-- 0 Pizza

@ Run the reasoner ¥ CheesyPizza
----- ¢ AmaricanaHotPizza
@ AmaricanaPizza
@ MargheritaPizza
= ) SohoPizza

Verify that AmericanHotPizza
has been classified as a subclass

¥- = SpicyPizza

of SpicyPizza - ) AmaricanaHotPizza
% VegetarianPizza
/ ----- @ MargheritaPizza
the reasoner has automatically - SohoPizza
computed that any individual that is a b PizzaBase
member of AmericanHotPizza is o et T

- @ ValuePartition
¥ 1 SpicinessValuePartition
~ " Hot
-~ @ Medium
. Mild

also a member of SpicyPizza
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Cardinality Restrictions

e Cardinality Restrictions

— describe the class of individuals that have at least, at most or exactly a
specified number of relationships with other individuals or datatype

values.

— For a given property P,
* Minimum Cardinality Restriction = the minimum number of P relationships that an
individual must participate in.

* Maximum Cardinality Restriction = the maximum number of P relationships that
an individual can participate in.
» Cardinality Restriction specifies the exact number of P relationships that an

individual must participate in.
hasToPPI® LAy on1

@ Relationships are only counted as separate relationships if it can be

determined that the individuals that are the fillers for the _ top2
relationships are different to each other. pizzal
hasTopping

The individual pizzal satisfies a minimum cardinality
restriction of 2 along the has Topping property if the

individuals topl1 and top2 are distinct individuals
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Creating and classifying a class with a cardinality restriction

Create a subclass of Pizza called InterestingPizza.

Press the Add button on the ‘SubClass Of section of the class description view.

In the class expression editor type
1. hasTopping as a property to be restricted.

2. min to create a minimum cardinality restriction.

3. 3to specify a minimum cardinality of three

4. Press ‘Enter’ to close the dialog and create the restriction.

Equivalent To

SubClass Of
hasTopping min 3

Pizza

SubClass Of (Anonymous Ancestor)

hasBase some PizzaBase

class description after step 4

5. Select the ‘Convert to defined class’ optioninthe ‘Edit’ menu.

r Class hierarchy |/ Class hierarchy (infemred) |

¥-- @ Thing
- @ Nothing
v Pizza

b & CheesyPizza
v-- = InterestingPizza
ik AmaricanaHotPizza

SohoPizza
k- NamedPizza

- & SpicyPizza

b & VegetarianPizza
P 0 PizzaBase

- PizzaTopping

p-- @ ValuePartition

class hierarchy after classification

AmaricanaPizza 6,

What does this mean?

InterestingPizza : the set of individuals that

are members of the class Pizza and that have at

least three hasTopping relationships with other
(distinct) individuals.

Run the reasoner

Equivalent To
Pizza
and (hasTopping min 3 Thing)

SubClass Of

SubClass Of (fnonymous Ancestor)

hasBase some PizzaBase

class description after step 5
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Qualified Cardinality Restrictions

* Qualified Cardinality Restrictions

— more specific than cardinality restrictions = they state the class of
objects within the restriction.

that are members of the class NamedPizza and that have exactly four
hasTopping relationships with (distinct) individuals of the
CheeseTopping class.

i define a FourCheesePizza class that describes the set of individuals

Create a subclass of NamedPizza called FourCheesePizza.
Press the Add button on the ‘SubClass Of section of the class description view.

In the class expression editor type

hasTopping as a property to be restricted. to perform these steps

exactly to create an exact cardinality restriction._ it's also possible to use
the Object Restriction creator Equivalent To

. . NamedPizza
tab in the dlalog and {hasTopping exactly 3 CheeseTopping)

W N =

4 to specify exact cardinality of four
4. CheeseTopping to specify the type of topping

SubClass Of

Press ‘Enter’ to close the dialog and create the restriction.

SubClass Of (fnonymous Ancestor)

5. Select the ‘Convert to defined class’ optioninthe ‘Edit’ menu. hasBase some PizzaBase

class description after step 5
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DataType properties

DataType properties

DataType Property : used to relate an individual to a concrete

data value that may be typed (XML Schema Datatype) or
untyped (rdf literal)

example: use some numeric ranges to broadly classify particular pizzas as high or low calorie.
- adatatype property hasCalorificContentValue to state the calorie content of particular pizzas

-

<4 pizza (hitp://www.pizza.com/ontologies/pizza.owl)

- PAENSEIGNE amantioue\Cou.. | e E. [ |

Data Properties tab to manage
DataType Properties

File Edit View Reasoner Tools Refactor Window  Help

E} |® pizza (hitpoliwww v.pizza.comiontologies/pizza.owl)

five Ontology | Entities |’ctasses ronadﬁupams | Data Prop
ta property hierarchy:

(" Annotatians rum <4 Create a new OWLDataProperty
o || G | | D Annotations:
Create a new DataType hasCaluriﬁu::t‘.untent‘u’aluB { 2 Enter its name :I
Property in the Data - @ topDataProperty Fonatations
property hlerarchy IR | hitp:diwewrw v.pizza.com/ontologies/pizza. owlthasCalorificContentValu
Characteristics: DBEEIE L |

‘ | Equivalent Ti

oK I | Annuler |

Make it functional )
one pizza can only

ever have one

calorie value

Disjoirt WWith
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using a DataType Property in a restriction

* A datatype property can also be used in a restriction to relate individuals
to members of a given datatype.

Create a datatype restriction to state that all Pizzas have a calorific value

In the Data restriction creator
tab enter the restriction

r

<€ pizza (http://www.pizza.com/ontologies/pizza.owl) : [P:\ENSE[GNEMENT\WebSemaniique\Cours_l\ra"IZGl\... E‘mw flaSCOIOI'If icContent some )
File Edit View Reasoner Tools Refactor Window Help 4 Pizza r3\mteger !
E o> |@ pizza (hitp:/fwww pizza com/ontologies/pizza.owl) v| | I
[ Class expression editor | Class hierarchy | Data restriction creator | Object restriction creator |
i & r i rcmes r i pertl r/m pert r rCMn_\ﬁz ru'm rmr Restricted property Restriction filler
Class hierarchy {infemad) Anntations I Ussge ’—"—' ’_ W decimal -
’ Class hierarchy | || Hﬂ E ® double -
v mtopDataProperty
[ — ; ® float
1 add a SubClass of = ot .
\ ’EE @ i =d m hasCalorificContentValue o hexBlr‘lary
1 v ® Thing description ®int
: : :3:335(2 SubClass Of :‘ IInteger
. . »- @ PizzaTopping @ hasBase some PizzaBase anguage
Select Pizza in Y @ Valueparition ® Literal
the class ¥ @ SpicinessValuePart SubClass Of (Anonymous Ancestor) ® long
: ® nName N =
hierarchy . Description: Pizza —
Equivalent To
Targe for ey | some (existential) | cardinaity
I i Wit SubClass Of
5ol h
© pizzaTopping, PizzaBas ' hasBase some PizzaBase | o | | Je— | Builtin datatypes,
| - N @ hasCalorificContentValue some integer Speciﬁed inthe
i i » jisjoint Union O
el o e @ ensure the Pizza description XML schema
SubClass Of (fnonymous Ancestor)
L is correct vocabulary and
embers include integers,
floats, strings,
Target for Key booleans etc.
. Disjairit 'Jl:'rth X . . .
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DataType properties

using a DataType Property in a restriction

In addition to using the predefined set of datatypes it is possible to specialise

the use of a datatype by specifying restrictions on the possible values..

Create a HighCaloriePizza that has a calorific value higher than or equal to 400

In the Class expression editor

-

Create a subclass of
Pizza called
HighCaloriePizza

®

<4 pizza (http://www.pizza.com/ontologies/pizza.owl) : [PA\ENSEIGNEMENT\WebSemantique tab enter the restriction

Create a LowCaloriePizza in the same way, but define it as being equivalent
toPizza and (hasCalorificContentValue some integer[< 400])

File Reasoner Tools Refactor Window  Help

d:l =3 | @ pizza (http:/fwww pizza.com/ontologies/pizza.owl)
Annctations Usage

[ Descripton: HighCaloriePizza |

Edit Wiew

hasCalorificContentValue
! < HighCaloriePizza some integer[>=400]

rcassexpressnnedrtnr raasshemrmy rmmmnum rth::trth—‘

Class hierarchy {infemed)

Class hierarchy |

XSD minlInclusive

\ = . Thil"lg Equivalent To

‘ = Pizza facet
1 @ HighCan_riePiHa ubClass Of o
/ - & CheesyPizza ® Pizza

- & InterestingPizza
- NamedPizza

- & SpicyPizza

- & VegetarianPizza

Annuler |

0K

SubClass Of (Anonymous Ancestor) =

© hasCalorificContentValue some integer Convert the class to a defined

p-- 1 PizzaBase
: ; class
b @ PizzaTopping @ hasBase some PizzaBase
V- @ valuePartition Equivalent To
@ Pizza

- SpicinessValuePartit

Wernbers
and (hasCalorificContentValue some integer[>= 400])

SubClass Of

SubClass Of (fnonymous Ancestor)
@ hasCalorificContentValue some integer
© hasBase some PizzaBase
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DataType properties

Creating individuals with DataType properties

Create an instance of FourCheeseP1izza with 723 calories

File Edit View Reasoner Tools Refactor Window Help

E o> |® pizza (hitp:/iwww.pizza. com/ontologies/pizza.owl) "ﬂ FourCheesePizza M
[ Glass hierarchy | Class hierarchy (infemed) | (mr;‘ ’E @ -~ ‘ =

<4 Create a new OWLNamedIndividual M]
@EL@ d

2 Name: [examplescheesepizza 3 Enter the individual name
¥ O Pizza Equivalent To .

. & LowCaloriePizza © NamedPizza a example4CheesePiza

| ngﬂgﬁg;::ua and (hasTopping e IRE: | hitp:/fwww . pizza.comfontologies/pizza.owlexample4 CheesePizza

- & InterestingPizza

- NamedPizza SubClass 0f New entity options...
AmaricanaHotPizza

@ AmaricanaPizza SubClass OF (Anonymous Ancestor)

FourCheesePizza

MargheritaPizza @ hascCalorificContent
.. ® SohoPizza @ hasBase some Pizza | 0K | | Anradler |
© SpicyPizza 1 A Ll
- & VegetarianPizza — °
| 22 I
.
v Add.a memberto ... A€ oK [ [ annuer |
' “FourCheesePiza

| <4 exampledCheesePizza ]
[ — In the data property assertion

es [ Data Properties | Individuzls | OWLViz | DL Query | OntoGraf | SPARGL Query | Data Property vae . property

=] [x] e dialog select
[ Members list || Members list (i | [ Annotati .. & ifi
: - - = In the Individual tab add a data v--mtopDataProperty hasCalorificContent property
Members list: exampled4CheesePiz: Annotatio _I ‘... m hasCalorificContentValue .
(o] x| . property assertion to — @ and integer type and enter
i 723 value
® campleaCheesePizza example4CheesePiza @\
Description: example4CheesePizza Property assertiohs: example e | @ meger i
Types Object property asselt& | 0K | | Annuler |
= FourCheesePizza .

Data property assettions o Description: example4CheesePizza

Negative object property as Types

& FourCheesePizza

Data property assertions
Create several more example pizza individuals with different calorie R ® hasCalorificContentvalue 723
contents including an instance of MargheritaPizza with 263 calories

Ensure that example4CheesePiza
description is correct

Same Individual Az
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Performing instance classification

Classify pizza individuals based on their hasCalorificContentValue

@ Run a reasoner

There is a bug in Protégé 4.3., inferred

-

<4 pizza (http://www.pizza.com/ontologies/pizza.owl) : [P:\ENSEIGNEMENT\WebSemantique\Cours_M2GI\PizzaTutor Members do not appear immediately on
Fie Edt Wiew Reasoner Tools Refactor Window Help the class description view.
E =+ |® pizza (http:'www pizza. com/entologies/pizza.owl)

- e i e e e You might need to turn on inferences for
— pr— i ‘ e individuals. In the preferences select the
“Reasoner” tab. Look at the section
[%] 8] ] Leonctar “Displayed Individual Inferences” and check
v :-Tr;giua the various boxes an necessary.

& LowCaloriePizza Enquivalert To
----- ~ HighCaloriePizza © Pizza
T g;:hte“-g:filz;_ and (hasCalorificContentValue some integer[>= 4001) You can also use the DL query tab. Type
----- nterestingPizza “y g .- " .
v- @ Namedpizza HighCaloriePizza” into the query editor
- @ AmaricanaHotPizza ezt and make sure “Instances” is selected on
@ AmaricanaPizza @ Pizza . .
© FourCheesePizza the rlght hand side.
@ MargheritaPizza

¢ SohoPizza SubClass Of (fnonymous Ancestor)
----- & SpicyPizza © hasCalorificContentValue some integer
""" ?Vegetarianpizza @ hasBase some PizzaBase
I izzaBase
L PizzaTopping
V- @ ValuePartition Iermbers .
J © SpicinessValuePartition g @ Check that the Members section of
HighCaloriePizza contains your
Targt for Key instance of FourCheesePizza (and
. perhaps other individuals which you
" @ PizzaTopping specified as having a calorie value equal to

& LowCaloriePizza or over 400)

@ PizzaBase

@ Check the members of LowCalorie Pizza
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hasValue Restrictions

 hasValue Restriction

— describes the set of individuals that have at least one relationship
along a specified property to a specific individual.

— example : to describe the country of origin of various pizza toppings

Active Ontology | Entties |  Classes | Object Properties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARQL Query |

[ Class hierarchy | Class hierarchy (inferred) | [ tist [

list (i | [ Annotations I Usage
Members list: Germany
(%] =] *| x|
v.- @ Thing #® America . .
----- Country # England Populate it with
7 Pizza E . ..
----- CheesyPizza :G:aarr::n\r individuals
----- HighCaloriePizza (el
reate Countrya . InterestingPizza -
bel fThine = -~ LowCaloriePizza <4 Create a new OWLNamedIndividual ﬁ
IDCIASS O INg v .
- NamedPizza C t Obiect P t
- AmaricanaHotPizza reate an Ject Froperty
@ AmaricanaPlzza a1y | hasCountryoforigin
o FourCheesePizza
::;g:?;‘:plzza IRL: | hitp:/iiweww pizza. comiontologies/pizza.owBtaly - — - - -
_____ SpicyPizza Active Ontology |/ Entities |/ Classes |/ Object Properties r Data Properties m
@ p iz::g:;:rlanplzza Object property hierarchy: hasCountryOfOrigin - B EE |/—|/_Annntatinns eage
=]
p-- @ ValuePartition el x S ——
zE I | FOTEET T—---—tgpobjectprgperty Annotations
- m hasCountryOfOrigin

¥ mhasIngredient
- mhasSpiciness
b misIngredientOf
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hasValue Restrictions

example : to describe the country of origin of various pizza toppings (continued)

Create a hasValue restriction to specify that MozzarellaTopping has Italy as its country of origin.

< pizza (http://www.pizza.com/ontologies/pizza.owl) : [PAENSEIGNEMENT\WebSem

File Edit “iew Reasoner Tools Refactor Window Help

<a| > |@ pizza (hitp:/'www pizza.com/ontologies/pizza.ow|,

[ Class hi

(%] % ][]

| i iy riered |

Active Ontology | Entfies | Cissses | Object Properties | Data Propertes | Individuals | OWLVEZ | DL

Add a restriction to

..

L

Thing
- Country
- Pizza
-} PizzaBase
" PizzaTopping
¥ @ CheeseTopping

- MozarellaTopping
- paremezanTopping
i @ ProbelInconsistentTopping
» MeatTopping
p-- ) SeafoodTopping
p-- @ VegetableTopping
ValuePartition

With current reasoners the
classification is not complete for
individuals. Use individuals in
class descriptions with care —
unexpected results may be

caused by

the reasoner.

AL MozarellaTopping

¢

Equivalent

SubClass Of o

Chees ping
SubClass Of (fnonymous Ancestor)
hermnbers
Target for Key

Disjoirt With
ParemezanTopping

-

< MozarellaTopping

e

r Class expression editor r Class hierarchy r Data restriction creator |/ Object restriction creator |

hasCountryQfOrigin value Italyl

®

In the Class expression editor tab enter the restriction
hasCountryOfOrigin value Italy

Equivalent To

| susciass o

CheeseTopping

Ensure the description of
MozarellaTopping is correct

individuals that are members of the class
MozzarellaTopping are also members of the class
CheeseTopping and are related to the individual Italy
via the hasCountryOfOrigin property

Philippe Genoud Danielle Ziebelin - Université Grenoble Alpes

SubClass Of (fnonymous Ancestor)

Ivembers

Target for Key

Disjoint With
ParemezanTopping

Disjoint Union Of

C) hasCountryOfOrigin value Italy

<
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Enumerated Classes

 Enumerated class
— aclass defined by precisely listing the individuals that are the members of it.
— Enumerated classes described in this way are anonymous classes

* they are the class of the individuals (and only the individuals) listed in the enumeration.

— we can attach these individuals to a named class by creating the enumeration as an
equivalent class.

— example
* Create an enumerated class four countries { America, England, France, Germany, Italy }

Active Onlology | Enliies | Classes | ObjectProperlies | Dala Properfies | Individuals | OWLViz | DL Query | OnioGraf | SPARGL Query |

[ Class i [ Class i | [ Annotations I Ussge

B Thina

click in the Add |
Equivalent To button

itry

select a
aBase Equivalent To
Country Topping -
i ¥ wCheeseTopping » »
- MozarellaTopping suil < Country ﬂ
ParemezanTopping
ProbeInconsistentTopping cubl | | Class hierarchy | Class expression editor | Object restriction creator |  Data restriction creator |
MeatTopping " |
k- ® SeafoodTopping { America, England, France, Germany, Italy }| |

>0 VegetableTopping

¥ ® valuePartition In the Class expression editor tab enter the restriction

{ America, England, France, Germany, Italy }
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