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A Practical Introduction to Ontologies and OWL

Context

Ontologies are a critical piece of the Semantic Web jigsaw puzzle, and are already
used in various forms to capture knowledge in a machine understandable language.
The Web Ontology Language (OWL) is a W3C standard that allows the formalisation
of knowledge in a semantically rich model with explicit meaning.

Goals of workshop

This introductory level tutorial is aimed at newcomers to ontologies and those using
formalisms other than OWL and will provide attendees with hands-on experience in
the construction of ontologies.

Participants will build an OWL ontology using the domain of Pizzas. The aim is to
produce a model that can be used in the Manchester PizzaFinder application.

Learning Objectives

Attendees will:
e Understand some of the OWL language elements, and their explicit
semantics
e Learn the basic principles of modelling using Description Logic based
ontologies

e Use informal modelling techniques to uncover issues relating to
knowledge capture

e Gain hands-on experience with ontology development using the
Protége-OWL tools

e Learn how to take advantage of inferencing capabilities to build robust,
reusable models

e Be exposed to the growing community of users/developers of OWL

The Pizza Tutorial

The following tutorial is based on pizza ontology courses that have been run at The
University of Manchester for a number of years. Pizzas have been chosen as they are
fun, well-known, fairly neutral (although we wildly encourage arguing about whether
the model is correct), have a relatively small scope and are highly compositional.

We are building an ontology to support a menu querying system (something along the
lines of the PizzaFinder application (www.co-ode.org/downloads/pizzafinder/). While
building your model, try to keep the application in mind.

Please do a Save As regularly to version your work — it is easy to make mistakes while
modelling that are really difficult to track down - we do not want you to lose work.
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Session 1: Introduction to Protége and Primitive Classes in
OWL

Exercise 1: Card Sorting

The purpose of this simple exercise is to demonstrate one of the many knowledge
capture techniques that can be applied at the early, informal stages of knowledge
modelling.

It is also a light-hearted ice breaker this is most effective if performed in pairs. While
performing this task, we will expose several issues that demonstrate how complex
modelling can be in the real world.

The following materials are available at www.co-ode.org/events/tutorials/setup/.
You should have a set of cards with ingredients printed on them, for example
Mozzarella, Tomato, Ham etc. You will also have a pizza menu for context. A pen
and piece of paper would also be sensible for making notes.

Spread the cards out on the table in front of you and start to sort them into groups of
related terms. Name your groups and note down the names. When that is done,
rearrange the cards into different groups if you can.

Think about the following:
e Did you disagree a lot?
e Are there any ingredients that could be a part of multiple groups?
e Given our application, what things might you want to be able to say
about Pizza ingredients that would affect the groups you create?
e Are you having to make any assumptions? Do you have enough
information to create your model?
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Starting Protégé and Creating a new project

1. Please start Protégé if you haven’t already — it will be available in your start
menu. You will be presented with a startup dialog:

Welcome to Protégé [zl
| D Create Mew Project... | | E‘; Open Existing Project.. | ﬁprﬂ[égé
Recenthy Accessed Projects Help

pizzalriveat Getting Started
hrokenPizza

addingRestrs TaCwl Thing F &G
Pewspaper
mair

All Topics

2. Select Create New Project... The Create New Project Wizard appears:

Create New Project [z|

O Create from Existing Sources

Select a Project Type:
Protégé Files (port and ping)
Protége Database
Experimertal XML File {.xml)
OWL Database

CAWL Files (.owl or rdf)

| Mt = “ Finizh ” Cancel
3. Select OWL Files (.owl or .rdf)

4. Select Finish

5. Protégé is now ready to begin
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Exercise 2: Create a Primitive Class Hierarchy

You will now begin to create the primitive classes in your model. This begins with a
couple of top-level concepts, including somewhere to put your toppings from the
ingredient cards.

1. Create the following tree by using the Create Subclass and Create Sibling
Class buttons in the Asserted Hierarchy.

r WL Classes r- Propetties |/ = Formz I/_i

<][> |
For Project:
Asserted Hierarchy i I:c:} 0 3 iR
owl: Thing
¥ FizzaDomainConcept
Fizza

PizzaBase

> PizzaTopping

2. Create further subclasses of your pizza toppings under PizzaTopping,
producing a hierarchy based on the groupings you made in exercise 1. We
recommend suffixing each topping with . . . Topping. Make sure you have
at least included the following as they will be used later:

MeatTopping

CheeseTopping

Mozzarel laTopping

TomatoTopping

Notice that we are adding a suffix of “Topping” to all the classes — this is to
allow for the later possibility of extending our ontology to talk about other
types of food such as salads, where Tomato might be different from “Tomato
pizza topping”

3. Where required, add additional parents using the Conditions Widget, Add
Named Class button. Notice that classes with multiple parents appear in
several places in the asserted hierarchy.

r.&.sserted |/Infer|'ed | I Props

] » CHEEE
Asserted Conditions =0 3

NECESSARY & SUFFICLENT |
HECES Add named class. .

SpicyTopping
“YegetableTopping

({1

4. Create a MeatyVegetableTopping class as a subclass of
MeatTopping and VegetableTopping
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You should now have a small hierarchy of PizzaToppings. Add to these whenever
you have a few minutes as they will allow you to create a larger ontology of pizzas
later on.
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Exercise 3: Add disjoints

To make sure toppings can not be both meat and vegetable at the same time, add
disjoints in to your primitive tree.

You will need to run a reasoner supporting the DIG interface to check the consistency

of your ontology.
The reasoner software being used may change from time to time. (check the Protégé-
OWL webpages to check the currently recommended reasoners).

1. Select one of your top level concepts (eg Pizza)

T

Disjoints gb| gt = N

2. Select Add All Siblings... in the disjoints widget:
&

Al 5l sibiings... |

Select the default Mutually between all siblings in the dialog that appears:
Add siblings to disjoints  [X]

- Mutually between all siklings
i Only between thiz clazs and itz siblings

| J Ok | | Cancel |

4. Repeat this for each level of your ontology, selecting a class and making all of
its siblings disjoint.

5. Once your reasoner is running, periodically classify your ontology by pressing
the Classify Taxonomy button on the toolbar:

6. Add more PizzaToppings if you have time, making sure these are disjoint
where necessary

Questions:
e Do any of your classes come out as inconsistent? Why?
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Exercise 4: Properties and Restrictions

In order to describe our classes we need properties, which are used to relate members
of a class. We then add restrictions on the class to state logically how these properties
are used.

At this stage we are creating Primitive Classes, which only have Necessary
Conditions (in this case, restrictions) on them — these are conditions that must be
satisfied by all members of this class.
Step 1 Create Properties

1. Select the Properties Tab

2. Create a new Object Property, hasTopping

|/ CiLClasses |/- Properties |/ = Forms Y
-

For Project: F

M Properties i: i: .EE: ﬁ: ﬁ: L

[ hazBasze |
[ hasTopping |Create ohject prn:nper‘lt':.fl |

Step 2 Create a Pizza

1. Create a new subclass of Pizza called NamedPizza

2. Create a subclass of NamedPizza called MargheritaPizza
Step 3: Create restrictions on MargheritaPizza

1. Select the OWLClasses Tab

2. SelectMargheritaPizza

3. Select Create Restriction... on the Conditions Widget
rﬁssened rlnferred | [

ar || aF [ |

Asserted Conditions on

MECESSARY & SUFFICIENT |
r.|Create restriu:tiu:un...|

MamedPizza
3 hasTopping MozzarelaTopping

ImiiLin!

4. In the Restriction dialog that pops up, create a SomeValuesFrom (Existential)
restriction along the hasTopping property with a filler of
Mozzarel laTopping.



A Practical Introduction to Ontologies and OWL © 2005 The University of Manchester

Create OWL Restriction
Restricted Property i; ﬁ OWLRestriction
[ hasBasze allyaluesFrom
M hasTopping somealuesFrom
has'alue
cardinality

minCardinality
maxCardinality

Filler
MozzarellaTopping

e OOG 0«

| J I, | | Cancel

Note that by default, restrictions are created as Necessary Conditions unless
the Necessary & Sufficient heading is selected — for creating primitive classes,
only create Necessary Conditions.

Add a further existential restriction on Margher itaPizza to state that it
must have at least one topping from TomatoTopping.
When entering the filler, you have 2 shortcut methods rather than typing the
entire class name:

e enter a partial name and use Tab to autocomplete

e use the Insert Class... button on the editor palette (bottom left)

Create some other pizzas from the menu and add ingredients in the same
fashion — one restriction per ingredient. Make sure you create at least one
pizza that has some meat on it.

If you have not already done it, create a restriction on Pizza to state that:
”All pizzas must have at least one base from PizzaBase”
You will first need to create the property hasBase
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Session 2: Defined Classes and Additional Modelling
Constructs in OWL

Exercise 5: Define a MeatyPi1zza

Creating a defined class is similar to creating a primitive class, but a defined class has
one or more Necessary & Sufficient Condition. Classes can easily be migrated
between primitive and defined.

We wish to model the statement:
Any Pizza that has at least one topping from MeatTopping is a MeatyPizza

1. Create a new subclass of Pizza called MeatyPizza
In general, defined classes are not disjoint from their siblings

2. Create a restriction on MeatyPi1zza to state that it has at least one topping
from MeatTopping

3. Drag both conditions (the new restriction and the superclass, Pizza) up to the
Necessary & Sufficient heading. They should move and the class icon should
change to contain an equivalence symbol ='. You can also create restrictions
under this heading automatically by selecting it before pressing Create
Restriction. The result should be as below:

r.&.sserted |/Ir'|ferred |

&
Asserted Conditions op el

MECESSARY & SUFFICIENT

Pizza
3 hasTopping MeatTopping

NECESSARY

4. Classify your ontology and check in the Inferred Hierarchy to see what has
been classified under the new class. An Inferred Hierarchy panel appears:

oo fE
For Project '.'
Inferred Hierarchy Ii:l E‘
ol Thirng
L PizzaDomainConcept
L Pizza
Y MeatyPizza
HawaiianPizza
| 2 MamecdPizza

All Pizzas that have at least one meat topping should now be subclasses of
MeatyPizza.

A classification result panel also appears at the bottom of the screen declaring
all inferences that have been made in the current ontology.
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Both panels can be shut down using the red cross button LE

5. Create several other defined classes of your choosing and classify each time to
see if their definition has “captured” the correct named pizzas.

10
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Exercise 6: Define a VegetarianTopping

In order to define a VegetarianPizza, we are going to model the idea of a
vegetarian topping. This class is going to be covered by all of the PizzaToppings
that are not MeatTopping (or FishTopping/SeafoodTopping or whatever
else you have that vegetarians don’t eat). Vegetables, Fruit, Nuts etc are all to be
classified as vegetarian toppings.

1. Create a new subclass of PizzaTopping called VegetarianTopping
2. Click on the Necessary & Sufficient heading in the Conditions Widget

3. Click the Create new expression button on the Conditions Widget

|/ Aszerted |/ Inferred | HF
0| o
A=zzerted Conditions |.J|:":| EE
MECESSARY & SUFFICIENT |
|'venetableTonning L NutTomaing ol !Create newy Expression |

ESSaRy
8 X Nin.
me OO 0 —

4. In the expression editor that appears type a list of the PizzaToppings you
would like to be considered vegetarian, separated by the union symbol (which
can be selected off the palette, or added by typing “or” (lowercase).

5. Click the Protégé nerd face (or press return) to accept the changes. This can
only be done when the face is not red.

6. Move the superclass, PizzaTopping, into the Necessary & Sufficient
Conditions.

7. Classify your ontology — check that all the expected toppings are now
subsumed by VegetarianTopping.

11
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Exercise 7: Create VegetarianPizza — Universal Restrictions

To state that members of a class can only have a specific relationship with individuals
from a specific class we use a Universal (All\VValuesFrom) restriction.

We need to model the fact that:

Any Pizza that only has toppings from VegetarianTopping isa
VegetarianPizza

1.

2.

4.

Create a new subclass of Pizza called VegetarianPizza

Create an All\VValuesFrom (Universal) restriction on this class along the
hasTopping property with a filler of VegetarianTopping.

Convert this class into a defined class by dragging the conditions up to the
Necessary & Sufficient heading.

Classify your ontology

Questions:

e What Happens? Do you get the expected results?

12
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Exercise 8: Closing Pizzas

Because of the Open World Assumption we need to close our pizza descriptions in
order for them to classify correctly under VegetarianPizza.

1. Select a primitive pizza that does not contain any meat topping (from
subclasses of NamedPizza)

2. Create a new AllValuesFrom (Universal) restriction along the hasTopping
property. The filler will be a union of all of the toppings on the pizza — ie the
union should match all of the fillers of the existing SomeValuesFrom
(Existential) restrictions using the hasTopping property.
MargheritaPizza is given as an example below:

Create OWLRestriction

Restricted Property ﬁ i OWLRestriction

[ hasBase allValuesFrom
somealuesFrom
has\alue
cardinality
minCardinality
maxCardinality

[l hasTopping

ML

Filler

MozzarellaTopping U TomatoTopping|

&

e DOG 0 -

| \/ 80,8 | | Cancel |

3. Classify your ontology to check if this class classifies under
VegetarianPizza

4. Close all of your primitive pizzas. They should all contain a closure axiom

(Universal restriction) similar to below. Classify each time to check that the
closure has worked.

13
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r.ﬁ.sserted rlnferred |

Asserted Conditions ﬁ ﬁ; Ql %

MECESSARY & SUFFICIEMT

. MamedPizza

ﬂ % hasTopping (MozzarellaTopping L1 Tomato Topping)
EI 3 hasTopping MozzarellaTopping

EI 3 hasTopping TomatoTopping

MECESSARY

I (1M {{IF {17

© 2005 The University of Manchester

14
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Exercise 9: Your PizzaFinder

Once you have a pizza ontology you are happy with, you can “plug it in” to the
PizzaFinder, available from: www.co-ode.org/downloads/pizzafinder/

ene
Pizza Finder

T 7 ST e ity e
he Manchester Pizza Finder

Included tappings

v & Toppings
> & SpicyTopping Add
> & MeatTopping
v & DainyTopping

> & CheeseTopping & DairyTopping

& EggTopping
> & VegetableTopping
> & SauceTopping
» & FruitTopping .
» & NutTopping Excluded toppings:
> & HerbSpiceTopping
> & FishTopping Add

Get Pizzas

1. Download the PizzaFinder jar file and save it to a folder:
www.co-ode.org/downloads/pizzafinder/PizzaFinder.jar

2. Download the config file and put it in the same folder as the jar file:
www.co-ode.org/downloads/pizzafinder/config.xml

3. Modify the config file:
e point to the local reasoner (normally on localhost:8080)
e Point to your local pizza ontology
e Change any class names to match yours (if different)

<?xml version="1.0" encoding=""utf-8"7>
<PizzaFinderPrefs>

<ReasonerLocation url="http://localhost:8080/"/>
<OntologyLocation url="file:///C:/PizzaFinder/pizza.owl"/>

<PizzaClass name="NamedPizza'/>
<VegetarianPizzaClass name="VegetarianPizza'"/>
<HotToppingClass name="'SpicyTopping"/>
<ToppingClass name="PizzaTopping'/>
<ToppingProperty name="hasTopping"/>

</PizzaFinderPrefs>

4, Run areasoner

5. Double click on the jar file to start the pizza finder

15
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Additional Exercises: Common Errors and how to correct

them

Exercise 10: Icecream and Domain

Setting a domain on a property may lead to unexpected classifier results if the
property is misused (eg if the domain has been over-constrained).

1. Add a domain of Pizza on the hasTopping property by selecting it in
the Properties Tab and pressing Add named class(es)... on the Domain

widget:
&

Pizza

bt
| |

|.&.dd named clags(es) |

2. Create a new subclass of PizzaDomainConcept called IceCream -
do not make it disjoint with its siblings.

3. Add a restriction to say that all 1ceCreams have at least one topping
from FruitTopping (or any other filler)

4. Classify your ontology

Questions:
e What happens?

e How would you force the incorrect use of the hasTopping property
to be caught by the reasoner?

16
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Exercise 11: Functional Property misuse

Property characteristics are, as everything else, used in inference. They are not used as
constraints in the modelling tools, but by reasoners which will check if it is possible to
satisfy the model — results are not always expected.

Relationships along functional properties can only point to a single Individual (or
value).

1. Create the following classes under owl Thing:
L 4 MaterialState
Ligjuicl
Solicl
Gas

2. Create an Object Property called hasMaterialState and tick the
Functional checkbox to make this a functional property.

3. Create a subclass of IceCream called LiquidSolidlceCream

4. Add a restriction to state that members of this class must have at least one
material state from Liquid.

5. Add another restriction to state that members of this class must have at
least one material state from Solid.

6. Classify your ontology

Questions:
e What happens? Should this be inconsistent?
e Do LiquidSolidIlceCreams have more than one
MaterialState?
e Cansomething be Liquid and Sol id at the same time?
e How would you change the model to behave as you expect?

17



A Practical Introduction to Ontologies and OWL

Exercise 12: variations of VegetarianPizza
Here are multiple attempts to define a Vegetarian Pizza (some right — lots wrong).

The definitions work under certain assumptions:

All of the following are subclasses of Pizza
There are no inherited restrictions from Pizza
All PizzaToppings are disjoint

Class
VeggiePizza01

' Definition
Pizza AND
hasTopping SOME VegetarianTopping

Notes

© 2005 The University of Manchester

VeggiePizza02

Pizza AND
hasTopping ONLY VegetarianTopping

VeggiePizza03

Pizza AND
(hasTopping SOME VegetarianTopping) AND
(hasTopping ONLY VegetarianTopping)

VeggiePizza04

Pizza AND
(NOT hasTopping SOME FishTopping) AND
(NOT hasTopping SOME MeatTopping)

VeggiePizza05

Pizza AND
hasTopping ONLY
NOT (MeatTopping OR FishTopping)

VeggiePizza06

Pizza AND
hasTopping ONLY
NOT (MeatTopping AND FishTopping)

VeggiePizza07

Pizza AND
hasTopping SOME
NOT (MeatTopping OR FishTopping)

VeggiePizza08

Pizza AND

18
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© 2005 The University of Manchester

hasTopping SOME
NOT (MeatTopping AND FishTopping)

VeggiePizza09

Pizza AND
(hasTopping SOME
NOT (MeatTopping OR FishTopping)) AND

(hasTopping ONLY
NOT (MeatTopping OR FishTopping))

VeggiePizzal0

Pizza AND
(hasTopping SOME
NOT (MeatTopping AND FishTopping)) AND

(hasTopping ONLY
NOT (MeatTopping AND FishTopping))

Questions:

What toppings (or combinations of toppings) are allowed?

How many toppings are allowed? Min/Max
Are any of these definitions equivalent?

19
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Resources:

W3C OWL Pages - www.w3.0rg/2004/OWL/
Including specs, pointers to other material, including applications and related projects

Protégé — protege.stanford.edu
See also the WIKI available at http://protege.cim3.net/cgi-bin/wiki.pl

Especially useful for the mailing list — subscribe to Protégée-OWL for support and
discussion

Protégé-OWL homepage - http://protege.stanford.edu/plugins/owl/ includes most
recent versions of the rapidly changing software, documentation, papers and details of
the Java API as well as examples of producing plugins

CO-ODE — www.co-ode.org
Plugins and other resources/materials available

Pizzas and other ontologies are available from: www.co-ode.org/ontologies/

Semantic Web Best Practices Working Group

Producing documentation on ontology quality and other aspects such as identifying
Design Patterns

W3C Documentation - http://www.w3.0rg/2001/sw/BestPractices/

WIKI - http://esw.w3.org/topic/FrontPage
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