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1 Introduction

This guide introduces TopBraid Composer™ for defining, testing and managing semantic models
using the W3C standard languages RDFS, OWL, SWRL and SPARQL.

Throughout this document the terms TopBraid Composer™, TBC and Composer are used
interchangeably.

Section 2 provides detailed installation and configuration instructions for TBC. It shows how to
open existing ontologies, how to download ontologies from the web as well as how to set up virtual
folders for working with ontologies outside of the workspace.

Section 3 focuses on building a simple ontology (limited to RDFS vocabulary) and running test
queries. It contains an exercise involving RDFS inferencing.

Section 4 explains import features and approaches to working with multiple ontologies.
Section 5 describes key OWL constructs including restrictions.

Section 6 (to be included in the version 2.0 of the Guide) provides a brief introduction for working
with SWRL rules.

Appendix A provides additional information on the standards supported by TBC: RDF, RDFS,
OWL, SPARQL and SWRL. Readers who are new to these technologies will benefit from starting
with the Appendix prior to moving on to section 2.

Composer is shipped with a comprehensive Help system. Many features not covered by this guide
are explained in the help files. To access them, select Help - > Help Contents menu and then
click on TopBraidComposer.

1.1 Conventions
Class, property and individual names are written in a sans serif font like this.

Names for user interface widgets and menu options are presented in a style like this.
Where exercises require information to be typed into TBC a verdana font is used like this.
Exercises and required tutorial steps are presented like this:
Exercise N: Accomplish this

1. Do this.

2. Then do this.
3. Now do this.

AN

Tips and suggestions for using TBC and building ontologies are presented like this.
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Potential pitfalls and warnings are presented like this.

U

General notes are presented like this.

'u..“;r-‘ e |
Wyl |
"'hue o
- o
1 201 j’.‘ Advanced features are presented like this. We recommend that readers skip advanced
features when they first follow this guide.
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2 Installation and set up

2.1 Requirements

TopBraid Composer is implemented as an Eclipse plug-in. Eclipse is a powerful open-source
platform for all kinds of modeling and programming languages. The integration of Composer into
this platform means that you can exploit the benefits of an integrated development environment.
Eclipse also provides an update mechanism that allows users to conveniently update plug-ins such
as TopBraid Composer when a new version becomes available.

Since Eclipse is Java environment, you will need to have a recent Java Virtual Machine installed on
your machine (recommended is Java 1.5).

System requirements are the same as for the Eclipse 3.x platform. Note that some Maclintosh
configurations may require Eclipse 3.2, and we generally recommend using Eclipse 3.2. However,
version 3.1 will work as well.

2.2 Windows Platforms Installation

You can get a preconfigured Eclipse 3.2 installation from the zip file available on:
http://www.topbraidcomposer.com/download.html.

Unzip the file, for example to c:\TopBraidComposer directory and execute eclipse.exe.

When prompted for a workspace root, you may specify the example workspace in your installation
folder, for example c:\TopBraidComposer\workspace.

2.3 Non Windows Platforms Installation

If you want to install TopBraid Composer on any non-Windows platform, or you want to add the
Composer plugin to an existing Eclipse installation, please follow the steps described on the
download web page: http://www.topbraidcomposer.com/download.html

2.4 Workspace Configuration

2.4.1 Create an Eclipse Project

Now that Eclipse and TopBraid Composer are set up, you need to create an empty project to hold
your files.

Project is Eclipse’s notion; it is not something TopBraid Composer uses. TBC stores all
ontologies in either .rdf or .owl files. In addition to the file mode, TBC offers database backends.
Using a database backend ontologies can be stored in a number of supported DBMS systems.

Even though Composer does not use project files, you will need to create at least one project for
the Workspace to be operational.
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When you first start Eclipse, you may see the Welcome screen. Close it.

Select Window - > Open Perspective - > Other; then select TopBraid from the dialog.

& Open Perspective X]

C'-.-'S Repositary Explaring
ﬁDebug

aJJava (default)

E,:,JJava Browsing

EJJava Type Higrarchy

== Plug-in Developrient
%Resnurce

5'3 Team Synchronizing

g TonEraid |

K l [ Cancel

Figure 1: Selecting TopBraid Perspective

Select File - > New - > Project... from the menu.

On the next screen select General / Project (or Simple / Project in Eclipse 3.1) and enter a
suitable name.
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You now can:

& New Project

Select a wizard

Create a new project resource

‘Wizards:
[ type filter text

125 Java Project
#: Java Project from Existing Ant Buildfile
4% Phog-in Project
= Gemeral
o
= cvs
=+ Edipse Modialng Framework
= Java
= Phlug-n Development

e E

Figure 2: Creating Eclipse Project - step 1

= Mew Project @
Project =
Creakte a new project resaurce, B

Project name: | Cnkologies

Project contents
v se default

< Back Cancel

Figure 3: Creating Eclipse Project - step 2

= download example ontologies from the web
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= copy your existing files into the workspace
= set up folders in the workspace
= create your own ontologies

2.4.2 Download Example Ontologies

Right-click on the project you have just created and select Import...
Alternatively, select File - > Import... menu.

Expand Other to see the select options.

Select
X9

Select an import source:
type fiter text

= General

B & ovs

* = Plug-n Development

® (= Team

= (= Other

#3 OWLRDFS File from the Web
¥3
21 OWL Flle from Spreadsheet

1 OWL Fes from LML2 File

3 OWL Files from XML Schemas

@

(1%7]

Figure 4: Import dialog

If you select OWL/RDFS File from the Web, you will need to enter the URL of the file.

You can also select OWL/RDFS Library from the Web. TopQuadrant maintains a set of
example ontologies on its site. Picking the ‘library’ option will download these files.

T, ;:‘ .

Y-ty peiye

- o
P told n‘..IAS you can see, TBC can import not just web ontologies, but it can also import (convert)
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information from other sources like UML and XML Schema files. Consult the help files for details on
specific import options.

Finish the dialog to let TopBraid Composer download some RDF and OWL files.

€

Import RDF/OWL Library from the web

This wizard can be used to download frequently used
antology Files From the web ko improve loading time

Libraries ko impaork;

OeL-5
Examples
SWWRL
Zarnrmon

Cancel

< Back

Figure 5: Downloading example OWL/RDFS libraries

After the library of files have been downloaded, go to the Navigator view, open the Examples
folder and double-click on any example file to open it, for example travel.owl (called geotravel.owl
in newer versions).

Your screen should now look like the one shown in the figure below.
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& TopBraid - travel.owl - Eclipse SDK

File Edit Mavigate Search Project Run  Inference Model Resource Window Help

Hwild Q- iy iR I HEEE o I | % TapBraid | & Java

© | chitpyjjune onl-onkologies. comitravel. owl=
[l N e T 0| [a] travelowl &2 =g Eﬂ Properties 12 - o

o

[ Classes &2 Associations

=2 owl:Thing {0}
Accommodation {03
AccommodationRating (3)
Activity {0
BackpackersDestination {0}

Ontology Overview

Base URI (Locationd: http:ffwwsw.owl-ontologies. comftravel. owl |:|@|
Diefault Mamespace:  http: e, owl-ontologies, comjtrawel, owk

[ hasaccommodation
[ hasActivity
[ hasContact

[ hasPart
BudgetAccommodation (03 ~ Namespace Prefixes o — -
BudgetHotelDestination (0} Specify the prefixes to abbreviate the URIs of the namespaces that are used in this askating
c f t () madsl I isCiferedat
ankacl N
. B hasCit
Diestination (0] Prefix Mamespace URI = EMV'I
FamilyDestination (0) daml http: /v, daml. orgf2001 /05 daml+oil# SEEHE]
I:lothil i dc http:}/purl.org/dc/elementsf1. 1) B hasStreet
owl:bothing (0 owl http: | foma w3, org 2002 /07 fovl 4 M hasZipCode
QuietDestination (1) rdf http: [ w3.0rgf 1 9991022 2-rdf -syntax-ns# owlwersionInfo
RetireeDestination {0} rdfs hitkp: [, w3, orgf 2000001 frdf-schema# reffsicomment
xsd hitkp: [ w3, orgf 2001 fMLSchemag '
rdfs:label
¢ s rdfs:seedlso

Vigw/Edit ontology annotations View/Edit imported ontologies

Visualize imports in graph

™ # Cwerview | Statistics | Form | Graph | Source Code v
= <':==€> ~ = B |(Instances | Ruies | pomain SpARGL | B Imports 52 B@= qn~v=0
=z Comman Libraries ~
(= Comman
== Examples
il [http;‘epoz;‘]
[a] Family.swrl.owl [http:.. Jontology]
[s) food.rdf [http:...ffood]
[a] pizza.owl [http:.. . jpizza,awl]
@ travel.owl [http:.. . jtravel.owl]
@ wine.rdf  [http:... fwine] 3

L

Figure 6: Travel.owl in TopBraid Composer
2.4.3 Becoming familiar with TBC Views

TBC consists of the following main views:

= The Navigator shows the files in the Eclipse workspace
» Classes, Properties and Associations views display the hierarchies of the current model
= Instances shows the instances of the class selected in the Classes View
= Domain shows those properties that have the selected class in their domain
= Inheritance shows the superclasses and inherited restrictions of the current class
= Imports shows the imports of the ontology (hierarchically)
= Change History shows the recent edit steps
= Resource Editor is the main work area, it shows the currently selected resource:
o lItincludes tabs for a Form, Graph and Source Code
0 When selected resource is a class, there is also a Diagram tab
0 When selected resource is an ontology, there are tabs for Statistics and
Overview
= SPARQL provides an interface to run SPARQL queries
= Rules shows all rules in the model (either in SWRL or Jena format)
* File Registry shows a list of all files together with their namespaces
= Basket can be used as a flexible drag-and-drop area for many purposes
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In the default configuration not all the views are shown. To display a hidden view, select Window -

> Show view. All Composer views can be dragged and rearranged as necessary. They can also
be resized, collapsed and expanded.

To move a view, click on the tab with the view’s name (the tab color will become blue) and move it
to the desired location.

There is always one ‘selected’ ontology model, and one ‘selected’ ontology resource (class,
property, individual, etc). The selected resource must always be from the selected model. The
Resource Editor displays the currently selected resource, which is also shown in the toolbar.

Exercise 1: Navigating in TBC

1. Select Accommodation class. This can be done in a number of ways:
a. Double-click on Accommodation in the Classes view.
b. Single click on a gold circle icon in front of Accommodation.
c. Alternatively, if a tree or list of resources has the keyboard focus, you can press

Alt+UP/DOWN to change the global selection.

Finally, you can enter Accommodation in the toolbar field right above the classes

view. Here, CTRL+Space will help you enter a full name if you only enter the first

few characters.

2. Now select BackpackersDestination class.

3. Note the expression in the owl:equivalentClass widget in the class form. Hover over
hasAccommodation property in the expression and press CTRL. As shown in the next
figure, hasAccommodation will become hyperlinked. Click on it. You should now have
hasAccommodation displayed in the form.

& TopBraid - travel.owl - Eclipse SDK g@gl

d.

File Edit Mavigate Search Project Run  Inference Model Resource Window Help
: - Q- AR BB N & G- | 4 Topbraid | & 1ava
BackpackersDestination
lo Classes 7 . associations| & [ @% 7 = O || [a) travel.owl 2 = O || T Properties &2 [N !
=] awl:Thing {0} cl = = [ hasAccommodation
ass Form i
Accommodation {03 = |—I—| [ hasnctivity
AccommodationRating {3 Mame: BackpackersDestination [ hasContack
Activity (0} ~ Annotations + Class Axioms [ hasPark
o3 BackpackersDestination (0) [ hasRating
EudgetAccommodation {0} rdfs:comment = rdfs:subClassOf = M isCfferedat
BudgetHotelDestination (0) A destination that provides | = owl: Thing = B hasCity
Contact (0) budget accommodation and B hasEMail
=] Destination (0} g?tirlilggort or adventure owl:disjointWith = I hasStreet
Beach (2) : M hasZipCode
Ruraltrea (2) b Other Properties owl:equivalentClass = ol versionInfo
Urbanfrea (0) Destination and = rdfs;comment
FamilyDestination {0} {hasAccommodation sonme rdfs:label
owl:Nothing {03 BudgetAccommadation) rdfs:seeflso
ietDestination (0) i
QuistDestination (hasActivity some (Sports
RetiresDestination {0} or Adventurel)
" | P
P Farm | Diagram | Graph | Source Code »
=5 @D Imparts Domain | Rules | SPARGL | Instances | Inferences @ @ o= ¥ =08
=R=SN- T
lal Food.rdf [http:.../food] -~
[a] pizza.owl [http:.
(= owL-5
=k (= SWRL
[& swrl.owl [htep:... fewrl] b
< >
ontalogies/Common Libraties/Examples/travel owl i

Figure 7: Using hyperlinks to navigate
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4. Notice backward * and forward = arrows on Composer's tool bar. They enable quick
navigation between current and previously selected resources. Click on the backward
arrow. Now click on the forward arrow.

Exercise 2: Switching between ontologies

1. Go to the Navigator view and open the Pizza ontology (pizza.owl). Your screen should
look similar to the one below.

& TopBraid - pizza.owl - Eclipse SDK

File Edit Mavigate Search Project Run  Inference Model Resource Window Help

1w Q- FiE- HEEK & B |4 Topraid |8 Java
. @ c<http:/unaw. co-ode. orgjontologiesfpizes /2005101

=0 E Properties &8 ] - -0

[ hasCountryOFOrigin -
[ hasIngredient

{2 Classes &2 pssociations | o [ £ T T B [l travel.owl

= @ rdfs:Resource (0)
@ owlalDifferent (1)

Ontology Overview

owl: Thing {00 Base URI {Location): hittp:ffwwe co-ode.orgfontologies/pizza/2005/10 |]Rﬁ‘ [ haspiciness

. rdf:Property (40} Diefault Mamespace: httpefiwem,co-ode .orgfontologies pizza/ 2005/ 10 [ isIngredientOFf

O rdfs:Class (27) protege:FROM
~ Namespace Prefines protene: SLOT-COMSTRAINTS
Specify the prefixes to abbreviate the URIs of the namespaces that are used in X
this model, protege:TO

protegePAL-DESCRIPTION

Prefix MNamespace URI protege:PAL-MAME

gaml :Etp:ﬁww‘w.dalrnd1|.l:l:r‘g,l’ZDDtl,ifDlSJ‘ldJ‘aml+uil# brotege:PAL-RANGE
i pi/ipurl.orgfdofelementsi1, o
awl Rtk i w3, org /200207 fowl# i ST ET L
protege http: /lprotege. stanford. edufplugins/owl/protege# owl: versionInfo
rdf hikkp e w3, orgf 1990002 22-rdf-syntax-ns# protege:abstract
rdfs bt e w3, org 200001 rdf-schemad protege:allowedParent
s htkp: v w3, org /2001 f2MLSchemad#
tege:defaultL
*5p itk s owl-onkologies, com/ 2005/ 0807 fxsp.ow protege:deraulil anguage
protege: excudedTest
- - protege:probeClass
protege:readOnly
Wiew Edit ontology annotations Wigw Edit imported ontologies prateqe:subdassesDisjoint
Visualize imports in graph protege:todoPrefix
protege:todoProperty b
3 {);' Cwerview | Statistics | Farm | Graph | Source Code ik
F z - = "q
Imports £ Domain | Rules | SPARGL | Instances | Inferences =
Navigator | g5 Basket 52 ¥ =0 R 9 ER £

@ http:/iprotege. stanford. edufplugins/owl/protege  (From protege, owl)

B

Figure 8: Opening multiple ontologies
2. Note that pizza.owl is your currently selected ontology, but travel.owl is still open. Switch
back to the travel ontology by clicking on the tab with its name.
3. Close the travel ontology. This can be done by either clicking on a cross next to its name or
by using File - > Close menu.

2.4.4 Organize the workspace

Exercise 3: Create folders in the workspace

1. Select Navigator view, right-click on the project you have just created and select New - >
Folder

2. Alternatively, select File - > New -> Folder menu

Give your new folder a name of your choosing and click Finish

4. You will see a new folder appear in the Navigator view.

w
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5. Open your operating system'’s file management system (such as Windows Explorer) and
navigate to your workspace directory, observe that a new folder has been created

Folder —_—

Create a new folder resource, i y

Enter or select the parent Folder:

| onktologies |

=

I=F ontaologies

Folder name: | My private models

() Einish l [ Cancel

Figure 9: Creating a folder in the workspace
2.4.5 Open existing local ontologies
2.4.5.1 Copy ontologies in to the workspace

Exercise 4: Copy file to the workspace and open it

1. Place afile you want to add to the workspace in to a copy buffer (by selecting any of the
copy commands supported by your operating system)

2. Select Navigator view, right-click on the folder you have just created and select Paste

3. You can now double click on the file to open it
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Eﬂ You can also copy the file to any of the workspace folders using your computer’s file

management system such as Windows Explorer. However, you will not see the file in the Navigator
view until you refresh the appropriate folder.

Right click on a folder and select Refresh

If you update a file using a different program, TBC will not know that the file version has changed
unless you do a refresh.

2.4.5.2 Create linked folders

Sometimes, you may want to work with files that are stored outside of the workspace. For example,
you may be sharing CVS or another version control system with the other team members. Instead
of duplicating these files in the workplace, you can access them in place by using ‘linked’ folders.

Exercise 5: Create a linked folder

1.

Noo k~wh

Select Navigator view, right-click on the project you have just created and select New ->
Folder

Alternatively, select File - > New -> Folder menu

Give your new folder a name of your choosing and click Advanced

Check Link to folder in the file system

Click Browse
Select any folder
Click Finish

You can now see and use the folder as if it was part of the workspace.
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& New Folder [z|

Folder —_

‘@ & Link, location must be specified, ‘ if .-_“

Enter or select the parent Folder:

| antologies |

=

I=F ontologies

Falder name: | kesk

[]Link ko Folder in the file system;

| | [ Browse. .. ] [ Yariables. .,

Py
(z) Cancel

Figure 10: Creating a linked folder

2.4.6 Set up preferences
lu::::::a ;‘;
= *

1 2oid (E.ITBC is highly configurable. What is shown in many of the views is governed by the user
preferences. Preferences are accessible from Window - > Preferences.. menu. Expand the tree
under TopBraid Composer to see available preferences dialogs. Preference dialog for Classes
view is shown in the next diagram.
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& Preferences |:|E]

| Eyvpe Filker ext | Classes Yiew =T
General Specifies options For the Classes wview
Ank
Fook class
Help
InstallfUpdate {rdfs:Resource
Java (%) owl: Thing
Plug-in Development:
Run/Debug Shiow system classes
Team Al Mone
= TopEraid Composer
Classes View ] ® cuwl:alDifFerent A
Diagram @ owl:AnnatationProperty P
Faorms ® owl:Class
araph [] @ owl:DataRange
Inference @ ol DatatypeProperty
Properties View @ owl:DeprecatedClass
RFules ] owl: DeprecatedProperty
Source Cade @ owl:FunctionalProperty
SPARCL [ ] ol InverseFunctionalProperty r
1 IR —
Show number of instances behind dass names
Restare Defaults | |
@ [ (a4 ] [ Cancel

Figure 11: Preferences dialog for classes
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3 Building Your First Ontology with TopBraid Composer

This chapter describes how to create a very simple ontology about people and their children.

Exercise 6: Create a new file

1. Select Navigator view, right-click on any of the folders you have created and select New -
> OWL/RDFS File

2. Type in the Base URI and the file name in the Create dialog

3. Click Finish

Create RDF/OWL File .""
"
This wizard creates a new ontalogy File that can be opened with TopBraid, :A
RDF
Base URL: | http: e, mydomain, com)'person, ol
File name: | person.owl
'Z:EZ' Finish ] [ Zancel

Figure 12: Create OWL/RDF file dialog
After a short amount of time, a new file will be created.

3.1 Create classes

When a new file is created, the screen should resemble the screen in the next figure. The initial
Classes view should contain two classes - owl:Thing and owl:Nothing. Depending on your setup,
the Classes view may have rdfs:Resource as its root class, but you can change this in the Class
preferences dialog shown before.
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Prefix Namespace LRI
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Vigw/Edit ontology annotations View/Edit imported ontologies
Visualize imports in graph

Cweerview | Statistics | Form | Graph | Source Code |

Instances | Rules | Domsin | SPARGL | 9 Imparks 53 @@= g~ =0

v
5. Navigator 53 2| B <§> 8=

= getting starked
@ person.owl [http:. . Jperson.owl]

ERENE] RS

Figure 13: Initial screen after creating person ontology

OWL classes are interpreted as sets of individuals (or sets of objects). The class owl:Thing
represents the set containing all individuals. Because of this all classes are subclasses of
owl:Thing.

Let's add some classes to the ontology.
Exercise 7: Create classes Person, FemalePerson and MalePerson

1. Right click on owl:Thing

2. Press the Create subclass button shown in the next figure. This button is used to create a
new class as a subclass of the selected class (in this case we want to create a subclass of
owl:Thing).
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Figure 14: Classes view - menu options

=

ﬁlv TopBraid |%J Java

= 0| T2 praperties 12 =0

oY
owl:versionInfo
rdfs:comment
rdfs:label
rdfs:seedlso

¥ 4

L@— o770

b

3. The default name shown in Create classes dialog will be Thing_1. Rename it to Person

and click OK.
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x]

& Create Classes

Please enter class nameis) b |
= owl: Thing
ol Makthing
Annokations Template [ 4]
Property Initial Walue
(04 l [ Zancel

Figure 15: Creating the first class

4. Drag and drop rdfs:comment from the Properties view into the Annotations section of the

Class Form.

5. Type ‘Human being'’ in the rdfs:comment widget. Click OK or simply press Enter.

6. Repeat the previous steps to add the classes FemalePerson and MalePerson, ensuring
that Person is selected before the Create subclass button is pressed so that the classes
are created as subclasses of Person.

The class hierarchy should now resemble the hierarchy shown in the next figure.
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Figure 16: Initial class hierarchy for the Person Ontology

7. Notice a star in front of ontology name above the Class form - *person.owl. This means
that ontology has been modified, but not saved. Select File - > Save.

In Composer classes have a gold circle icon displayed in front of the class name. Selected class
(the one currently shown in the form) has an arrow overlaying the gold circle icon. Observe that

MalePerson in Figure 16 has an arrow in the icon.

Classes view has a number of buttons as explained in the next figure.
Add new class as a sibling of

Add new class as a subclass selected class
of selected class

Show Classes view menu

Delete selected property
Figure 17: Classes view buttons
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Form has a number of buttons and options; these are explained in the next figure.

Toggle on and off showing all

. widgets with matching domains
Add widget to the form

Twisty to expand and [al persom.owl 2 =0
collapse sections

Class Form o o
Name: MalePerson
Annotations Show form menu

~ Class Axioms

-

Show widget M

=

Toggle on and off two column
- display of the widgets

b Other Properties

UML-like diagram

visualization, available Faorm | Diggram | Graph | Spurce Code
for classes onl . . . . e
Y Source code of displayed object with a choice of serializations

Graph visualization

Figure 18: Buttons and options available for TBC forms

3.2 Create Properties

OWL Properties represent relationships between two individuals. There are two main types of
properties, Object properties and Datatype properties. Object properties link an individual to an
individual. Datatype properties link an individual to an XML Schema Datatype value.

OWL also has a third type of property — Annotation properties. Annotation properties are typically
used to store information that is irrelevant for reasoning tools, for example to add information
(metadata— data about data) to classes, individuals and object/datatype properties. In exercise 5
we have used an annotation property rdfs:comment to add a comment to the Person class.

In Composer properties have rectangular icons displayed in front of their names. Object properties
are indicated using blue icons, datatype properties have green icons and annotation properties

have yellow icons. The property currently shown in the form has an arrow overlaying the
rectangular icon.

The Properties view has a number of buttons as explained in the next figure.
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Add new property Delete selected property

T2 Properties &2 mey T — O

Show Properties view menu

Figure 19: Properties view buttons

Properties may be created using the Create property button in the Properties view shown in the
next figure. Irrespective of what kind of property is being created, the same button is used. The
property type is selected in the Create property dialog.

Exercise 8: Create datatype properties called firstName and lastName

1. Press Add new property button. Create property dialog will appear as shown in the
next figure.

2. Select owl:DatatypeProperty. Rename the new property to firstName.

& Create property... gl
feailable bypes:

W rdf:Property

i owl: AnnokationProperty
owl: DatakypeProperty

owl: DeprecatedProperty
ol FunctionalProperty
owl: ObjectProperty

Add row button

P .Q"
Mame of new instance: | DatakypeProperty_1
Annotations Template o
Property Initial Yalue
[ [o]'4 l [ Cancel ]

Figure 20: Create new property

3. Click the add row button in the Annotations Template section
A Select annotation screen will pop up. Select rdfs:label and click OK.
Type {name} in the Initial Value field. Your screen should now look like the figure below.
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& Create property...

Available bypes:

=& rdf:Property
'.' ol AnnokationProperty
'.' owl: Dat akypeProperty
L] owl: DeprecatedProperty
[ ] awl: FunctionalProperky
® ol ObjectProperky

‘: | ‘Q;l
Mame af new instance: | Firsthame |
Annaotations Template [
Property Initial Yalue
rdfs:label {name}|
4 l [ Cancel

Figure 21: Create firstName property with an automatically generated rdfs:label

6. Click OK.
Observe that the new property now has an automatically generated ‘first name’ label
8. Add Person class to the domain of the newly created property. This can be done in one of

the following ways:
a. Drag Person class and drop it over rdfs:domain in the form

b. Click on a Show widget menu button next to rdfs:domain and select Add empty
row. (Show widget menu button is located next to each widget on the form as
shown in Figure 18.) Type Person and click OK.

9. Add xsd:string to the range of the newly created property. Click on a Show widget menu

button next to rdfs:range and select Set to xsd:string.
10. Your screen should now look like the one shown in the next figure.

~
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o 2.4 = O

wla] =
HE

wla

Property Form | =
Mame: [firsthame
 Annotations

rdfs:label —=
first name =

= Property Axioms
rdfs:domain ~

Person

rdfs:range ~

wsd: shring

rdfs:subProperty0f ~

owl:equivalentProperty ~

= Other Properties
rdi:type <=
. ol Dak akypeProperty

Form | Graph | Source Code

Figure 22: Defined firstName property

11. Repeat the steps above to create lastName property.
12. Select Person class.
13. Click on the Domain view. Observe (as shown in the next figure) that the newly created

properties appear in the view.
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Form | Diagram | Graph | Source Code wilks
Imports | Bl Domain &3 Rules | SPARGL | Instances e O
[Property] Range Diomain Class -~
I firstMarne xsdistring
I |astMame xsdistring
w

Figure 23: Domain view for the Person class

Properties can be organized as hierarchies.

Exercise 9: Create object properties called hasDaughter, hasSon and hasChild

Press the Add new property button. Create property dialog will appear.
Select owl:Ob jectProperty. Rename the new property to hasDaughter.
Set the domain of the newly created property to be Person and range to be FemalePerson.
Add another object property called hasSon.
Set domain of the newly created property to be Person and range to be MalePerson.
Add a third object property called hasChild.
Make hasChild a parent of hasDaughter and hasSon. It can be done in either of the
following ways:
a. Select hasDaughter. Drag and drop hasChild over rdfs:subPropertyOf widget.

b. Inthe Properties view select hasSon, drag and drop it under hasChild.

No apwDd e

Declaring domain and ranges has certain meaning in RDFS. For example, the definitions
we have just made mean that individuals that are subjects of an RDF triple that has predicate
hasDaughter (or are used ‘on the left hand side’ of the hasDaughter property) will be inferred to be

TopBraid Composer, Copyright 2006 TopQuadrant, Inc. 28 of 56




members of the class Person. Any individuals that are objects of such triple (or are used ‘on the

right hand side’ of the hasDaughter property) will be inferred to be members of the class
FemalePerson.

Consult RDFS section of Appendix A for additional information.

It is possible to specify multiple classes as the domain or range for a property. One can,
for example, drag and drop multiple classes over rdfs:domain widget. Multiple properties are
interpreted as intersection. For example, if the domain of a property has two classes MalePerson
and FemalePerson, any instance that is in the domain of the property will be inferred as being of
both types. See example in the figure below.

[a] *person.owl 2 =0
Property Form ok i
Marne: |hasDaughter

Annotations Property Axioms

rdfs:label = rdfs:domain =

has daughter = FemalePerson =

Other Propetties wclidie) =

rdiitype = rdfs:range =

@ owl:oObjectProperty = FermalaPerson =

rdfs:subProperty0Of =
owlequivalentProperty =~

owlinverseOf =

Form | Graph | Source Code

If you want to say that domain is a union of both sets where an instance can be either a
MalePerson or a FemalePerson, you should put MalePerson and FemalePerson on the same line
and type ‘or’ between them as shown in the figure below.
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La] X - o

Property Form ok Hl
Mame: hasDaughter
= Annotations ~ Property Axioms
rdfs:label = rdfs:domain <~
has daughter = FemalePerson or =
MalePerson

+ Other Properties

rdfs:range <

rdfiitype =
FemalePerson =
@ owl: ObjectProperty =

rdfs:subPropertyDf =~
owl:equivalentProperty =~

owlinverseOf =

Faorm | Graph | Source Code

Try both definitions and click on the SourceCode to see the difference between the two versions.
To delete the extra domain click Show widget menu button at the end of the line you want to
delete and select Delete value. Alternatively you can just delete the text from the line and click
OK.

Keep in mind that while you have full control over your own ontology and can ensure unions for
multiple domains and ranges, merging ontologies that use the same properties and specify
domains or ranges for them, will result in the intersections of domains and ranges. This is often not
the desired or expected behavior. For this and other reasons we recommend that domains and
ranges be used judiciously.

3.3 Create instances
We are now ready to add a few instances to the ontology.

Exercise 10: Create instances of the Person class: SusannaShakespeare,
JudithShakespeare, HamnetShakespeare and WilliamShakespeare.

1. Select FemalePerson class

2. Click on the Instances view. Press the Add new instance button shown in the next figure.
When the Create FemalePerson dialog pops up, replace the default person id with
SusannaShakespeare.
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[rdfs:comment]

Show Instances view
menu

=

Figure 24: Instances view

3. Repeat for JudithShakespeare
4. Select the MalePerson class and add instances HamnetShakespeare and
WilliamShakespeare. At this point your screen should look similar to the one shown in

the next figure.

& TopBraid - person.owl - Eclipse SDK

File Edit Mavigate Search Project Run  Inference Model Resource Window Help
Ci- E© P i A G-  BEEm & LI E}|VTopBraid|gyJava
3 |Wi||iamShakespeare |
associations | o (% 2 = = B 3] *person.owl 2 =8 h Properties &% [ ] B ¥ =08
= awl: Thing (0} R =[m |~ [=I- M hasChild
esource Form H
avliMathing (0) ﬁlElﬁl [ hasDaughter
=] Person (0} Mame: iliamShakespeare [ hasSon
FemalePerson (2) ~ Annotations ~ Other Properties I firsthame
MalePerson (2) B |astMame
rdfs:label = firstName = awliversionInfo
‘Wiliam Shakespears = rdfs:comment
hasDaughter = rdfs:label
rdfsiseedlso
hasSon =
lastMName —
rdf:type =
MalePerson b
owldifferentFrom ~
owksameds <~
™~ || Farm | Graph | Source Cade W &
Mavigator ﬁBask&t 2 52 ¥ = 0| 4 Instances 2 Rules | Domain | SPARGL | Imports | Inferences ‘} ﬁ =0
[Resource] rdfsilabel rdfsicomment
# Hamnetshakespears Hamnet Shakespeare
o> ‘wiliamshakespeare william Shakespeare
R

Figure 25: Resource form for William Shakespeare

5. Drag HamnetShakespeare over hasSon widget in the William Shakespeare form.
6. State that Judith and Susanna are William’s daughters. This can be done in a number of
ways. Try each to experience different ways of working with TBC:

a. Use a basket:

= Select FemalePerson class
= Click on the Instances view
= Drag JudithShakespeare and SusannaShakespeare into the Basket view
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= If you do not see the Basket view, go to Window - > Show view and select
Basket view

= Select the MalePerson class. Click on the Instances view and select
WilliamShakespeare

= Drag JudithShakespeare and SusannaShakespeare from the Basket view

over hasDaughter widget in the William Shakespeare form.
b. Use ‘add existing’ menu option:

* Click on a Show widget menu button next to hasDaughter and select Add
existing...
= Select JudithShakespeare and SusannaShakespeare from the Add existing

screen and click OK
c. Type in the required information:
= Click on a Show widget menu button next to hasDaughter and select Add
empty row.
= Type in JudithShakespeare
= Repeat for Susanna trying an auto-complete feature. Type in Sus and hold the
CTRL key while pressing SPACE.

0

You can easily change the type of any resource after it has been created. Let’s say, for
example, that you have created SusannaShakespeare as an instance of a Person. You want to say
she is a FemalePerson. Simply select SusannaShakespeare and drag FemalePerson over the
rdf:type widget.

3.4 Execute SPARQL Queries

SPARQL is a proposed standard for querying RDFS/OWL data. TBC comes with a built-in query
engine. Let's try some queries now.

Exercise 11: Run a default query.

1. Click on the SPARQL view. Its options and layout are explained in the next figure
Run query Save query results
Query panel

Results display < ﬁ
Qances Rules | Domain | #g 54 Imports < e

LELIEI“: ="

SELECT ?subject 7object
WHERE { ?subject rdfs:subClassOf Pobject Toggle between horizontal
or vertical layout

Preferences

Figure 26: SPARQL View

2. A sample query is already in the query panel. It will retrieve all triples of the following
pattern ‘x rdfs:subClassOf y’ and will display x and y. In other words, it will get all resources
that are subclasses of another class. The result will include resources (subjects) as well as
the classes they are subclasses of (object).
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3. Run the query. Observe that results include classes we have just created as well as built-in
OWL and RDFS classes.

Let's write are query to retrieve all people who have daughters. Following example above a query
to return all parents with their daughters should look like:

SELECT ?subject ?object
WHERE { ?subject hasDaughter ?object }

There is one issue with this query. The SPARQL syntax requires all names to be explicitly qualified
with a namespace. Even if we talk about resource names from the default namespace like
hasDaughter, we need to use a prefix. In the simplest case we need to enter :hasDaughter with a
leading “:’ character. Alternatively we could either use a fully qualified URI
‘http://wvww.mydomain.com/person.owl#hasDaughter’ or create a prefix for the namespace we are
using and append it to the property name, for example, person:hasDaughter.

Introducing a new prefix is particularly useful if you are working on a project that consists
of multiple namespaces and modules.

To see how this works in Composer, let's create a prefix for the namespace
http://www.mydomain.com/person.owl.

Exercise 12: Create a namespace prefix.

1. Inthe form click on the Show form menu button (shown on Figure 18). Select Navigate
to ontology.

2. You will see an Ontology Overview form. Press Add button.

3. Type person in the Prefix column. Type http://www.mydomain.com/person.owl in

the Namespace URI column.
4. Press Enter.

Exercise 13: Query for all parents of females.

1. Click on the SPARQL view and type the query.
2. Press Run query button. Your screen should look similar to the one shown in the next
figure.
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Figure 27: SPARQL View

3. Change person:hasDaughter to person:hascChild.
4. Run the query. You should receive no results

Why have we received no results? hasDaughter and hasSon are sub properties of hasChild,
therefore according to RDFS inference rules (explained in Appendix A), the query should have
returned William Shakespeare with all his children.

There is a simple explanation. We have been making queries over the asserted (or stated) triples

only, but not on the inferred triples. Let's now run the inferencing and see how it changes query
results.

Exercise 14: Run inferences and query for all parents.

1. Select Inference - > Run all DL inferences... menu option
2. Inferred triples will appear in the Inferences view. Your screen should look similar to the
one shown in the next figure.
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Figure 28: Inferences for hasChild property

3. Run the query again from the previous exercise again. You should see William
Shakespeare with all three of his children.

4. Click on WilliamShakespeare, observe that his form now has inferred properties. These are
shown in the light blue-gray background.

Pn

TBC maintains asserted and inferred graphs. If you were to close the ontology now and
re-open it again, you will see that all inferred statements disappear.

It is possible, however, to make the individual inferred statements persistent by turning them in to
assertions. An entire inferred graph can also be saved:

= By clicking on a Show widget menu button next to an inferred statement, you can select
Assert inferred statement option.
= Alternatively, menu option Inference - > Save inference graph... will save the entire graph.

5. Save the query for future use:
= Select hasChild property
= Add rdfs:comment to the form by dragging and dropping it or by right clicking in the
body of the Annotations section of the form and selecting rdfs:comment

= Enter the query in the comment field. Press OK
= Click on the Show widget menu button next to the text you have just entered. Select
Execute as SPARQL query
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Eﬂ TBC will recognize SPARQL and SWRL syntax in the annotation fields and provide menu

options to execute them.

Instead of using rdfs:comment fields to save queries, you can create your own annotatation
property for this purpose. Call it, for example, storedQuery.

3.5 Extend the ontology

In this section we will add two more object properties and observe the inferences they entail.

Exercise 15: Create an object property called hasSpouse

Press the Add new property button. The Create property dialog will appear.

Expand the tree under owl:ObjectProperty. Select owl:SymmetricProperty.

Rename the new property to person:hasSpouse.

Set the domain of the newly created property to be Person

Observe that the owl:inverseOf property and rdfs:domain of hasSpouse are automatically
inferred

appwDd e

Prior to this exercise only RDFS vocabulary has been used in the person ontology (see Appendix A
for more information on RDFS and OWL). This is the first time an OWL construct is being used.

Eﬂ Even though we have defined classes as OWL classes and properties as OWL

properties, we have not done any modeling that required OWL expressivity. All the exercises thus
far could have been accomplished without using any of the OWL statements. For example, instead
of creating subclasses of owl:Thing, we could have created subclasses of rdfs:Resource which are
declared as RDFS classes.

Composer can be configured as RDFS-only editor by ‘hiding’ all of OWL constructs. This can be
done by selecting Window - > Preferences... then making appropriate selections under
TopBraid Composer Classes View and Properties View.

Symmetric property entails the following inferences:
1. If property p is symmetric and there is triple a p b, it will be inferred that b p a. In our
example, if a hasSpouse b then b hasSpouse a.
2. From this rule it can be concluded that if p rdfs:domain a then p rdfs:domain b. Similarly, if
p rdfs:range a then p rdfs:range b.
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Most inferences will only appear in Composer, if you explicitly run the inferencing.
However, there are a limited number of trivial inferences that Composer performs interactively or
‘justin time’. These are:
= Coordination of inverses. If it is stated that property p owl:inverseOf q, TBC will infer that
property q owl:inverseOf property p

= Coordination of domains and ranges of inverse properties. If it is stated that p rdfs:domain a
and p owl:inverseOf q, TBC will infer that g rdfs:range a

= Since saying that p rdf:type owl:SymmetricProperty is the same as saying p owl:inverseOf p,
TBC will (as demonstrated by the previous exercise) infer that p owl:inverseOf p and if p
rdfs:domain a then p rdfs:range a

Because TBC maintains these automatic inferences we recommend that if you use inverse
properties, you should specify domains and ranges only for the properties ‘going in one direction
and let TBC maintain the domains and ranges for their inverses.

Exercise 16: Prove that the second inference is true

1. Prove the second inference rule for symmetric properties as described in the General Note.
Use information in the Appendix A and/or any other sources on RDFS and OWL.

Exercise 17: Create object property called hasFamilyMember

1. Press Add new property button. Create property dialog will appear.

2. Select owl:ObjectProperty. Rename the new property person:hasFamilyMember.
3. Make hasChild and hasSpouse subproperties of hasFamilyMember

When subproperties have their domains and ranges defined, it is usually unnecessary
and even not advisable to define domain and ranges for the parent property. Another ontology
design pattern (less commonly used, but applicable in some cases) is to define domain and range
for a parent property and leave out domain and range definitions for subproperties.
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4 Working with Imports and multiple ontologies

In this chapter we will connect travel.owl and person.owl models connecting them to describe the
fact that people may be interested in different leisure activities.

The travel.owl ontology in the Examples folder of the downloaded Common Libraries already
describes different activities. Rather than replicate this information in the person.owl, we will show
how to import and re-use it. The end goal may be to create an application that will recommend
vacation destinations to people based on their preferences and the preferences of their family
members.

OWL ontologies may import one or more other OWL ontologies. When an ontology imports another
ontology, not only can classes, properties and individuals be referenced by the importing ontology,
the axioms and facts that are contained in the ontology being imported are actually included in the
importing ontology. OWL allows ontology imports to be cyclic so for example travel ontology may
import person ontology and person ontology may import travel ontology. For our exercise we have
decided to import the person ontology.

Notice the distinction between referring to classes, properties and individuals in another ontology
using namespaces, and completely importing an ontology.

Exercise 18: Import person ontology and make changes

1. Inthe Navigator view, open travel.owl file

2. Click on the Imports view and press Import local file... button shown in the next figure

Import local file Import from URL

Show import view menu

Download model to
local file

Remove selected
import

Instances | Rules | Domain | SPARGL QG) X

1
&

Figure 29: Imports view buttons

3. When the Import local file screen pops up, expand the workspace folders until you've

located person ontology, select it and click OK. Alternatively you can drag and drop the
person.owl file from the Navigator into the Imports view.
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& Import local file... @

Select a file to import

[]1e%] Workspace

i
(7 K, Cancel

Figure 30: Create OWL/RDF file dialog

4. Your screen should now look similar to the one shown in the next figure. Note that some
classes and properties (such, for example, Person) are displayed using ‘washed out’ icons
and fonts. These are the resources that come from imported model.

5. Create an object property called hasFavoriteActivity. Set its domain to Person and its
range to Activity. You have just created a bridge between two models!

6. Save your changes using File -> Save
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Figure 31: Travel ontology with import of the person ontology

7. Select the Person class and modify its name to be person:HumanBeing. Press ENTER.
8. The dialog shown in the next figure will pop up. Press OK.

& Select files to refactor

X

The namespace of this resource is imported by the following files, Please select
those files that shall be scanned for necessary renamings. Mote that this may be
kime-cansurming if files have ko be loaded, Also nake that you cannat use unda
after such changes, Inorder to mainkain consistency, it is however recommended
ko apply the operation ko all Files,

[*]iontologiestCommen Libraries Examplesitrayvel, owl

[ Ok l [ Zancel

Figure 32: Re-factoring name changes
9. Close all ontologies you have open by using File -> Close All.
10. A dialog will pop-up offering to save the changes. Since we do not want to save the most
recent change, click on Deselect All then press OK.
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When working with multiple ontologies, it is important to know where the new statements
and/or changes to the old statements are saved. Composer follows these rules:

= New statements are added into the currently selected ontology. The property
hasFavoriteActivity was added to travel.owl.
= Forms for imported resources can be edited. Any changes to the existing statements are
written in to the ontology they come from. For example, if we were to modify the fact that
FemalePerson is a subclass of Person (essentially remove the triple that says person:Person
rdfs:subClassOf person:FemalePerson) the change would go into the person.owl file.
= |f we were to say that domain of hasSon is no longer a Person, but Parent (a new class we can
define for this purpose), the location where the new triple will go depends on how the change is
made:
o If we were to overtype Person with Parent, the change would be saved in the
person.owl as an update to the previously existing triple in that file
o If we were to delete the entry about the domain and then add a new one, the
deletion would be done in the person.owl and the new triple would be saved in the
travel.owl
= When we changed the URI of the person:HumanBeing class to person:HumanBeing, the
change was made to the Person class definition in the person.owl. TBC resolved and updated
all the references to this class in the person.owl. It also scanned to see if there are any other
ontologies that import it.

When working with modular imported ontologies it is, therefore, possible to intentionally or
accidentally make changes to imported files. If imported files come from the web, such changes will
be lost when you close the model. With local files they can be saved.

Composer keeps a log of all changes — accessible from the Change History view. Unsaved
changes can be rolled back using Edit - > Undo.

When working with the local models that belong to other parties, a good practice is to lock them
(make them read only) to prevent accidental updates. This can be done by clicking on the file in the

Navigator and pressing the lock ! button.

The person ontology has some general (schema level) information about people. It also has some
very specific information about the Shakespeare family. Since we are interested in the general
cases of relationships between people and their travel interests, it makes sense to separate
information about the Shakespeare family into a file of its own.

Exercise 19: Move resources between ontologies

1. Inthe Navigator view, create a new RDF file, call it shakespeare.rdf. Invent a base URI of
your choice.

2. Import person.owl. Your screen should now look similar to the one shown in the next
figure.
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Figure 33: New shakespeare.rdf file

3. SelectFile - > Save All menu option. Notice that stars in front of the file names

disappear.

© 0N gk

Switch to person.owl
Select MalePerson class and click on the Instances view.

Drag WilliamShakespeare and HamnetShakespeare in to the Basket-.
Select FemalePerson class.

Drag JudithShakespeare and SusannaShakespeare in to the Basket.
Select all 4 resources in the Basket and drag and drop them over the Shakespeare.rdf file

in the Navigator as shown in the next figure
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Figure 34: Moving resources in to shakespeare.rdf file

10. Confirm move resources dialog will pop up. Press Yes.

Confirm move resources E'

€ |, 'fouare about to move 4 resources inta the model
\__':/ http: /s, owl-onkologies. comy'shakespeare, rdf
Would yiou also like ko adjust the namespace of these resources?
Moke that this may break references inside the old model,
It is often better to change the namespace later, after all
relevant resources have been moved inko the target model.

| fes | [ Mo ] [ Cancel

Figure 35:Confirm move resources dialog

11. Observe that classes in the person.owl no longer have instances associated with them.
12. Switch to shakespeare.rdf file and locate William Shakespeare resource. Observe that
connections between him and his children are still in place.

Notice that in the previous exercise all 4 individuals were moved at once. Let's examine

what would happen if we were to move person:WilliamShakespeare first and then move
person:SusannaShakespeare:
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= Saying ‘yes’ to the ‘should the namespace be adjusted’ question would change the record id of
person:WilliamShakespeare to shakespeare:WilliamShakespeare

= Record id for person:SusannaShakespeare would stay the same. Therefore, the
Shakespeare.rdf file would now have the following triple: shakespeare:WilliamShakespeare
person:hasDaughter person:SusannaShakespeare

= If we were now to move Susanna and say ‘yes’ to the namespace adjustment, her record id
would change to shakespeare:SusannaShakespeare and connection between her and William
would be lost.

If you are able to move all resources at once, Composer will maintain relationships between
connected resources as their URIs are modified. Say ‘yes’ to the adjusting the namespace
guestion.

If you are not able to move all the connected resources at once, for all the moves except for the
very first one, say ‘no’ to the adjusting the namespace question and modify the resource ids so that
they include correct namespaces manually after the move.

As demonstrated in the exercise 18, if you change the URI of a resource, TBC will check to see if
there are any files that import this model and may therefore be impacted by renaming. The dialog
with (potentially) impacted models will be shown. Under your direction, TBC will propagate the
change to all affected files.
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5 Defining Classes with OWL DL

As noted before, all RDFS declarations about properties are global. If it is stated that Person is in
the domain of hasChild property, this declaration remains true everywhere hasChild property is
used. In other words, it defines the property hasChild and not the class Person.

Let’s consider the following example:

= We have already said that Person hasFavoriteActivity Activity

= We now want to define a special class of people — adventurers and say that at least some of
their favorite activities are adventure activities

= If we re-use the same property and say that Adventurer hasFavoriteActivity Adventure then any
statement of the form x hasFavoriteActivity y, will result in the inferences: x rdfs:type
Adventurer and y rdfs:type Adventure. Everyone who has a favorite activity will become an
adventurer and any activity liked by anyone will become an adventure

This is where OWL restrictions come in. Unlike domains and ranges, restrictions define classes.
They are used to restrict the individuals that belong to a class. OWL supports the following
restrictions:

»  Quantifier Restrictions — allValuesFrom® and someValuesFrom?

= Cardinality Restrictions — minCardinality, cardinality and maxCardinality

= hasValue Restrictions

In addition to selecting a type of restriction, a decision will need to be made whether restriction is to
be declared using rdfs:subClassOf or owl:equivalentClass statements. Consider the difference:

= Saying that US Citizen is a subclass of all things for which the value of nationality property
equals (hasValue) ‘USA’, means that:
o ifitis known that an individual is US Citizen, it can be inferred that his nationality is
‘USA’
= Saying that US Citizen is equivalent to all things for which the value of nationality property
equals (hasValue) ‘USA’, means that:
o ifitis known that an individual is US Citizen, it can be inferred that his nationality
is ‘USA’ AND
o ifitis known that an individual’s nationality is ‘USA’, it can be inferred that he is
US Citizen.

Let's use example introduced in the beginning of the section and create a restriction.
Exercise 20: Create someValuesFrom restriction

Create Adventurer class in the person ontology

Switch to the travel ontology and select Adventurer class

Add empty row in the owl:equivalentClass widget

Drag and drop hasFavoriteActivity in to the empty row, type a space followed by ‘some’,
then another space and then either type or drag and drop Adventure.

5. Press OK or ENTER. Your screen should now look like the one shown in the next figure.

e N

1 . -
Also called universal quantifiers

2 . . .
Also called existential quantifiers
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Figure 36: Defining someValuesFrom Restriction for the Adventurer class

We want to further qualify a definition of Adventurer by saying that adventurers are people that like

some adventure activities.

One option would be to make Adventurer a subclass of Person. This, however may result in
unexpected inferences — any time it is asserted that x hasFavoriteActivity y and y rdf:type
Adventure, it would be inferred that x rdf:type Person, even if it is known that x is, for example, a

dog.

Instead, let's define Adventurer as an equivalent class to all people who like some adventures.

Exercise 21: Combine someValuesFrom restriction with a Boolean operator

1. Place your cursor right after the Adventure and type ‘and person:Person’

2. Press OK. The class form should now look like the one shown in the next figure.
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Figure 37: Defining Adventurer Class as an Intersection of a Restriction and the Person class

3. Select Inference - > Infer superclass relationships... and notice that, as shown, in the
next figure, it has been inferred that Adventurer is a subclass of Person.
4. Notice the list of inferred triples in the Inferences view.
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Figure 38: Inferred class hierarchy for the Adventurer class

grab the

Restrictions and any expressions can also be dragged and dropped. Try the following:
icon and drag the expression over to rdfs:subClassOf.

The sections that follow explain keywords can be used in TBC to create restrictions and complex

expressions.
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5.1 Restriction KeyWords

DL TBC Syntax

OWL Symbol | Keyword

Example Usage

When used with
owl:equivalent class,
enables classification of a
subject of a triple

someValuesFrom : some hasChild some Man

Enables classification of an
object of a triple. Should
not be used with
owl:equivalent class.

allValuesFrom all hasSibling all Woman

When used with

hasCountryOfOrigin has owl:equivalent class,
England enables classification of a

subject of a triple

hasValue has

When used with
owl:equivalent class,
enables classification of a
subject of a triple

minCardinality min hasChild min 3

When used under the open
world assumptions, does
not result in any
classification inferences

cardinality exactly hasChild exactly 3

When used under the open
world assumptions, does
not result in any
classification inferences

maxCardinality max hasChild max 3

Note that OWL allows hasValue restrictions to have a datatype literal as filler. Examples for the
syntax for these in TopBraid Composer are as follows:

= ‘"value" for xsd:string literals

= 42 for xsd:int literals

= 4.2 for xsd:float literals

= true or false for xsd:boolean literals

5.2 Boolean Class Constructors

OWL SyIanLboI Tospyl?]rtz:)t(i }SgyTv%?Zer Example
intersectionOf and Doctor and Female
unionOf or Man or Woman

complementOf not not Child

5.3 Enumerated classes

Enumerated classes using the owl:oneOf operator can be entered by a list of values between curly
brackets. For example, {Cairns Sydney Canberra} defines the class consisting of only the three
individual cities.
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5.4 Complex Class Expressions

Complex class expressions can be constructed using the above boolean constructors and
restrictions. For example,

Person and hasChild some (Person and (hasChild all Man) and (hasChild some Person))

describes the set of people who have at least one child that has some children that are only men
(i.e., grandparents that only have grandsons). Note that brackets should be used to disambiguate
the meaning of the expression.
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Appendix A: Semantic Web Standards
A.1 RDF

The Resource Description Framework (RDF) is a language for representing information
about resources that reside in and can be accessed via the internet infrastructure. Each RDF
resource has a unique ID that is based on standard Web identifiers called Uniform
Resource Identifiers (URIs) (URIs are unique symbolic strings similar to URLS, but they
don't have to resolve to actual locations.)

RDF has an XML syntax and many who are familiar with XML will think of RDF in terms
of that syntax. This is not a correct understanding of RDF. RDF should be understood in
terms of its data model. RDF data can be represented in XML, but understanding the
syntax is secondary to understanding the data model. In fact, RDF can be represented in a
number of other serialization syntaxes, such as N3 and Turtle.

RDF statements are often called 'triples' because they consist of 3 entries: subject
(rdf:subject), predicate (rdf:predicate) and object (rdf:object). Each entry is an RDF
resource. Statements that contain resources with the same IDs are merged. For example,
the following three triples can be brought together:

e FlightDL210 hasDestination London
e London rdf:type City

e John livesln London

The resulting in the graph shown below.

livesIn -

=
/Aﬁﬂﬁg;tg;t_i;/

| 4 Flightozio |

rdfibvpe e

Figure 39: RDF Graph - example 1

RDF data should be thought of as a graph of nodes and arcs where nodes are subjects and
objects and arcs are predicates. A triple statement itself can be given a resource ID using
instances of the rdf: Statement class. This makes it possible in RDF to say things
about statements.
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The predicate of one statement can be a subject or an object of another statement as shown
in the graph below where livesin, a predicate in one of the statements of the first graph
(above), is a subject of the livesin rdf:type owl - Ob jectProperty statement in the
second graph (below).

[ livesIn I ol DbjeckProperty
rdfikype L

owlsinversedf I rdf: Property
rdf:bype

Figure 40: RDF Graph - example 2

You can generate diagrams like these using the Graph Panel in the Composer's Resource
Editor View.

The prefixes in front of resource 1Ds (for example, rdf: or owl:) shown in the graph
represent namespaces. There exists a comprehensive (and somewhat arcane) set of syntax
rules for using XML namespaces in RDF. Composer implements these rules for you. The
only thing you need to do as a user is to provide a namespace for each ontology.
Additional information about naming conventions for Namespaces is available in the help
file on Naming_Conventions_and_Namespaces.

While RDF includes an rdf: type property, the RDF data model does not provide a way
to express custom schemas for RDF data - that is, there is no notion of classes or class
definitions in RDF. Schemas are provided by the languages that build on and are layered
on top of RDF - RDFS and OWL.

All built-in RDF language constructs are available for your use in Composer. These can be
seen in the Classes View and the Properties View. Use the Classes View Preferences and
the Properties View Preferences to configure which RDF elements should be visible.

A.2 RDFS

RDFS is a schema language for RDF. RDFS is a rather small vocabulary. Among others, it
defines the following resources that are commonly used in ontology development:

rdfs:Class
rdfs:subClassOf
rdfs:subPropertyOf
rdfs:domain
rdfs:range
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e rdfs:Resource

RDFS also defines 4 annotation properties as well as a few other much less commonly
used statements such as rdfs:Container.

All statements in the RDFS vocabulary are available in TopBraid Composer. They are
shown in either Classes View or Properties View.

Unlike XML Schema, RDFS can not be used for validation. It is used to infer additional
information based on the ontology schema and given (asserted) statements. An RDFS
ontology can never be semantically invalid.

Syntactical errors are possible (and even likely) when creating RDF in a text editor. Using
ontology development tools such as TopBraid Composer ensures that there are no syntactic
errors.

RDFS and OWL have formally defined semantics. It is defined in terms of inferences
entailed by each RDFS or OWL statement. By entailed we mean inferences that result
from an asserted statement in RDF. RDFS definitions are as follows:

e rdfs:subClassOf

Ifa rdf:type rdfs:Classl and rdfs:Classl rdfs:subClassOf
rdfs:Class2, thena rdf:type rdfs:Class?2

e rdfs:subPropertyOf

Ifa propertyl bandpropertyl rdfs:subpropertyOf property2, then
a property2 b

e rdfs:domain

If Classl rdfs:domain propertylanda propertyl b,thena rdf:type
Classl

e rdfs:range

If Class2 rdfs:range propertylanda propertyl b,thenb rdf:type
Class2

A.3 OWL

The OWL Web Ontology Language is a W3C standard language for defining and
instantiating Web Ontologies. OWL vocabulary is defined on top of the RDFS vocabulary:

e owl:Class is asubclass of rdfs:Class
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e While RDFS properties are instances rdf:Property, OWL introduces

owl:ObjectProperty and owl : DatatypeProperty which are both subclasses of
rdf:Property

e OWL Object properties link two resources within the ontology. For example, the property
livesIn might link John (an instance of the Person class) with London (an instance of
the City class).

e OWL Datatype properties link a resource to an XML Schema Datatype value or an RDF
literal. For example, the property hasTelephoneNumber might link John to the string
literal 44-10-1233400.

Additionally, OWL offers a way to specify properties that are:

e Functional (any instance using this property can have only one distinct value for the

property)
e Inverse Functional

e Transitive (if partOfis an owl : TransitiveProperty and a partOf bandb
partOf c, thena partOf c)

o Symmetric (if siblingOf is an owl : SymmetricProperty and a siblingOf b, thenb
siblingOf a)

These are called global restrictions since they apply everywhere a property is used. All
classes you create in your OWL ontology are subclasses of the owl - Thing class which is
in turn a subclass of rdfs:Resource.

All OWL language constructs are available in TopBraid Composer. The screenshot below
shows built-in OWL classes described in this help topic.

- rdfs:Resource
+ ol Thing
- rdf:Property
ol AnnokationProperty
owl: DatatypeProperty
owl: FunctionalProperty
- ol ObjectProperty
owl: InverseFunctionalProperty
owl: SwrnnetricProperty
owl: TransitiveProperty
- rdfs:Class
ol Class

Figure 41: OWL and RDFS classes

In addition to global restrictions, OWL provides a vocabulary for creating local restrictions
specific to a class.

OWL formal semantics specifies how to derive logical consequences (inferences) of the

statements made in the ontology, i.e. facts not literally present in the ontology, but entailed
by the semantics. Composer provides support for generating OWL inferences. This is done
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using either a built-in OWL DL inferencer, Pellet, or other inference engines that can be
configured for use with Composer.

The current OWL standard describes 3 species (subset languages) of OWL.:

e OWL Lite - the smallest subset. It puts certain constraints on RDFS semantics, so that not
every RDFS model is an OWL Lite model.

e OWL DL - a slightly bigger subset. It includes OWL Lite and places the same constraints
on RDFS semantics as those of OWL Lite.

e OWL Full - this is a 'complete' OWL. It includes OWL DL and it embraces all of RDFS
semantics.

Differences between OWL Lite and OWL DL are relatively insignificant. For example,
OWL L.ite supports only cardinality restrictions equal to 0 or 1, while OWL DL allows any
integer value for the cardinality restriction.

Differences between OWL DL and OWL Full are more substantial. The main difference
between OWL DL and OWL Full is that in OWL Full a given resource can be at the same
time a class, an instance and a property. For example:

e Boeilng747 can be a class (a set) of all individual planes that are Boeings 747.

e Atthe same time, it can be an instance of a class of airplane models - Boeing 747. In
talking about the instance we can capture information about how long it took to design
Boeing 747, the year it was first introduced, etc.

In its ability to have a resource be of different built-in types, OWL Full is in complete
alignment with RDF and RDFS where, for example, a subject of one statement can be a
predicate in another. In OWL DL, on the other hand, there is a strict separation between
classes, properties and instances.

Use the Inference -> Validate OWL species menu option to determine which subset of
OWL your model falls within.

A.4 SPARQL

SPARQL is a W3C standard recommendation to query RDF graphs. It comes with a
notation similar to the relational database query language SQL, but focuses on triple
matching. Please check the SPARQL specification online for a precise language
description:

http://www.w3.org/TR/rdf-spargl-query/

A.5 SWRL

The name OWL-Full is potentially misleading in that it, too, has its expressive limitations.
For example, there is no explicit operator for composing relations. This implies that there
is no way of making statements about relationships between one composite relation and
another (e.g., stating that uncle is the composition of brother and parent.) There is also no
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way to use computed values or arithmetic comparisons (e.g., stating that teenager is a
person with age between 13 and 19).

For this reason, there is ongoing work on extending OWL with a rule language that would
have far greater expressiveness. A rule language is a format for stating rules of the form if
A then B. The way in which the rule is interpreted in an application can vary. For example,
it could mean that in order to establish B as a true fact, it suffices to establish A.
Alternatively, it could mean that the system is obligated to make B true if it discovers that
A is true.

The Semantic Web Rule Language (SWRL) is a proposed standard for standardizing the
expression of such rules in the context of OWL, meaning that the A and B of the rule
consist of statements in OWL. For more information, visit
http://www.w3.0rg/Submission/2004/SUBM-SWRL-20040521/

SWRL is based on a combination of the OWL DL and OWL Lite sublanguages of the
OWL Web Ontology Language with the Unary/Binary Datalog RuleML sublanguages of
the Rule Markup Language. SWRL includes a high-level abstract syntax for Horn-like
rules in both the OWL DL and OWL Lite sublanguages of OWL.

To create and execute SWRL rules In TopBraid Composer, make sure that your ontology
imports SWRL namespaces:

http://www.daml .org/rules/proposal/swrlb.owl
http://www.daml .org/rules/proposal/swrl.owl

SWRL rules are instances of swrl:Imp and can be created in Composer in two ways:

1. Select swrl:Imp, edit body and head. For example, enter:
0 (?a hasChild ?c) for swrl:body
o Parent(?a) for swrl:head
2. Define a property with swrl: Imp as its range. Call it, for example, hasRule. You can now
edit the full rule. Select hasChild property, drag and drop hasRule on the form. In the
resulting widget type:
o parenthood: (?a hasChild ?c) -> Parent(?a)

Supported SWRL Atoms
Atom TopBraSigi/nCttg)r(nposer Example
Class Class(?a) Person(?a)
Property (?a Property ?c) (?a hasChild ?c)
sameAs equal(?a, ?b)
differentFrom notEqual(?a, ?b)

Results of reasoning over SWRL rules are displayed in the Rules View. In the Rules View
SWRL rules are shown in Jena format.

TopBraid Composer, Copyright 2006 TopQuadrant, Inc. 56 of 56



