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Overview

* Ontologies and the Semantic Web
— The Semantic Web Vision
— What is an ontology?
— The Web Ontology Language (OWL)
« Editing OWL Ontologies with Protégé
— General Introduction to Protégé
— Editing the basic elements of OWL (Classes, Properties, Individuals)
— Editing class expressions
— Using a classifier and PromptDiff
« Advanced Protégé
— Visual ontology editing with the GraphWidget and ezOWL
— Metaclasses
— Understanding the OWL Plugin
— Developing plugins and applications with the Protége/OWL API
» Current limitations and outlook
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Semantic Web / Motivation (1)

3 Amazon.com: Books: Spinning the Semantic Web: Bringing the World Wide Web to Its Full Potential - Microsoft Inte.

Fle Edit Wiew Favorites Tools  Help
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Semantic Web / Motivation (2)

< Amazon.com: Books: Spinning the Semantic Web: Bringing the World Wide Web to Its Full Potential - Microsoft Inte.

Fle Edit Wiew Favorites Tools  Help
@ Back - \J D @ q Search H;n\? Favarites e'Media @ D/::{v :\?_ © |_.J .'3
Address |@ hitkp:f v, amazon, comfexecf obidosfASIN/026206232 1 [qid=106459617 1 /sr=2-2 [ref=sr_Z_2/103-5092613-7545436 V| Go Lirks >
GOOS[C' %Saarch web - @ £ 44 blacked D EOptions @
FETter & T - a
Gardenfors = "eh Buy both now! =
@ The Semantic .
Web : & Guide
to the Future of
#ML, Weh i
EEtico=Nand Customers who bought this book also bought:
Knowledge
MQM by « Towards the Ssmantic Web! Ontology-Oriven Knowledge Management by John Davies
Michael C. (Editar), et al (Hardcover) b
Daconta « Wisualizing the Semantic Weh by Vladimir Geroimenko {Editar), Chaomei Chen (Editor)
(Author), et al {Hardcouer)
* XML Databases and the Sermantic Web by Bhavani Thuraisingham, Bhavani Thuraisingha
» See more in the (Hardcover)
Page You Made o ML Topic Maps: Creating and Using Tomic Maps far the Web by Jack Park (authord,
Sam Hunting {author) {Paperback)
Featured Item: s Ontologies: A Siver Builet for Knowiedge Management and Siectronic Commmerce by D,
. Fensel (Hardcover)
Semantic Web
with » Explore Similar Items: 19 in Books, and 1 in Music 19 in Books
Creating the i i L. . .
Semantic wepwith | Customers interested in this title may also be interested in:
Sponsored Links (What's this?) Feedback
+ Spinning Bike Store
The original Johnny G Spinner at the hest prices on the web!
www TheFitnessStore, com
o0 » 4 Semantic Ontology that
toz s works, See an ontology with rich semantics in production,
( Submit ) wuw. digitalharbor.com
Edit vour ratings v
@ ® Internet
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Semantic Web / Motivation (3)

* Next generation web pages: Machine accessible semantics

« Search engines

— concepts, not keywords

— semantic narrowing/widening of queries
» Shopbots

— semantic interchange, not screenscraping
 E-commerce

— negotiation, catalogue mapping, personalization
« Web Services

— need semantic characterizations to find them
* Navigation

— by semantic proximity, not hardwired links

Protégé OWL Plugin Stanford Medical Informatics
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Semantic Web / Ontologies

« Formal, explicit specification of a shared conceptualization

 What’s inside an ontology
— Classes + class-hierarchy
— Properties (Slots) / values
— Relations between classes (inheritance, disjoint, equivalent)
— Restrictions on properties (type, cardinality)
— Characteristics of slots (symmetric, transitive, ...)
— (possibly) Individuals

« Reasoning tasks: classification, subsumption
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Semantic Web / Ontologies / Example Scenario

Tell me what wines |
should buy to serve
with each course of the

following menu.
N

- wine-classified Protégé 2.0 beta  (file:/C:iprojects/owliwine-classified. pprj, OWL files)

Dl - [ 3 [AIR]E @
[ (1) o Classes /S]] Pronerties | [T Forms | 1 nuniduals | 2 ontology |

Relationship|Superctass v || /| C [ &1 (€ MealCourse _qyne=owkClass)
o ) B ‘ ::::ﬂu’:heh Samehs | Differert ‘r Annotations BOO kS Agent
Documentation
Properties | Template Slots Vv @ o E -
Name | Twe [ Cardinalty | Other Facets
| hasFoad® Instance required multiple.classes=(Edible Thing)
art hasDrink® Instance required multiple classes=(Aine}
T :2 . Em deFromF it Inst; g lasses=(F it}
— d D
84/} (e et [EA N e S|ES
e Jswersmn (/G0 < [ |fer BT e T e
[©consumableThing | |[S]hasDrink %mmcavdmahw 1 —
. hasFood minCardinaliy 1
Wine Agent N
[= | Equivalent class /| CJ +]°2 | % I[ [1 4
T |
:‘ vy =
| recommend e
1al cken
PFALZ
Chardonney or Grocery Agent
DryRieslin
yRiesling \
— ‘”‘ .
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Semantic Web / OWL

«  Web Ontology Language (OWL)
» Developed by a World Wide Web Consortium (W3C) working group
« Based on DAML+OIL

« Semantic Web Vision: To enable machines to comprehend semantic
documents and data

« Habitat for Autonomous Agents
« OWL facilitates greater machine readability of Web content than XML

« Extends RDF and RDF Schema by providing additional vocabulary
along with a formal semantics
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Semantic Web / OWL / Language Overview

« Classes
* Properties
— DatatypeProperties (boolean, float, integer, string)
— ObjectProperties (relationships between classes)
* Individuals

 Built-in ontology mapping support (equivalent classes, sameAs)
« Some other property types (e.g., symmetric, transitive, functional)

» Class Descriptions
— can be used instead of named classes (e.g., to define superclasses)

— define classes by the attributes of their members
* enumerations red, green, or blue
* restrictions all individuals that have at least 2 children
* logical statements Person and not Student and not blue eyes

Protégé OWL Plugin Stanford Medical Informatics Slide 9

Protégé

» An extensible and customizable toolset for constructing ontologies and
for developing applications that use these ontologies

» QOutstanding features

— Automatic generation of graphical-user interfaces, based on user-defined

models, for acquiring domain instances
— Extensible knowledge model and architecture

— Possible embedding of standalone applications in Protégé knowledge

engineering environment and vice versa

— Scalability to very large knowledge bases
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Protégé / Historical background: early days

- ONCOCIN (1980s)

— Clinical decision-support system (CDSS) for management of patients enrolled in
cancer clinical trials

. OPAL (~1985)

— A graphical user interface to encode cancer clinical trials for ONCOCIN based on
a model of cancer trials

+ Protégé (Mark Musen dissertation)

— A system to define model of trials for any domain, to generate OPAL for
eONCOCIN (CDSS for any trial domain)
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Protégeé / Historical background: 1990s — present

+ Protégé-ll (early 1990s)

— A knowledge engineering environment (on NeXTStep platform) to define model
and generate GUI editor for any domain

* ProtégéWin (mid 1990s)
— Windows version that emphasized usability
— External user groups

* Protégé-2000 (late 1990 — present)
— Java-based version that emphasized formal knowledge model and interoperability
— Development of extensible plugin architecture
— Open source
— Renamed to Protégé in Version 2.0 (Fall, 2003)
— OWL Support (work in progress, reasonably stable since Summer 2003)
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Protégé / General Concepts / Classes

- newspaper. Protégé 2.0 beta  (file:/C:/javalprotege-E3/examples/newspaper/newspaper. pprj, Standard Text Files)

Project Edit Window Help
o]&(@ -~ [=
(C]li Classes | i 4
Relatiunship|5uperclass { ;;@Editur (type=:STANDARD-CLASS) [c][x]
T THIMG A | Name Documentation Constraints v C| +||T
. - A n =
z % 'SYSTEM EEs |Edngr | Editors are responsible for the L pditor -employees-salary-constrai
ey A content of sections.
% (C) Content :
© () Advertisement# | Bl
() Article i
;| [Concrete =
@ (D) Layout_info & . | |
D ooy (v c] =] +] -
Organization Marne [ Twe [ cardinalty | Other Facets
Q @F‘erson §§ ﬂsections Instance multiple tlasses={Section}
@ ©Emp|0yeeA §§ Eresponsible_for Instance multiple claszes={Employea}
(€ ColumnigtM : S| name String single
(C)Editar™ | [8]salary Float single
(C)Reparter™ | [8] date_hired String single
@Salesperson §§ Ecurrent_iob_title String single
@ @Manager §§ Eother_information String single
©Direct0r Ephone_number String single
Superclasses
/) Author A
(C) Employee A
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Protégé / General Concepts / Slots (Properties)

- newspaper. Protégé 2.0 beta  (file:/C:/javalprotege-E3/examples/newspaper/newspaper. pprj, Standard Text Files)
Project Edit Window Help

olsla@ ol [Bn =] [A]R]

-.
g

4]
g
@

’7”?”? ;;Esecﬁons {type=STANDARD-SLOT} [c]]
Name Documentation Template Values mmmF

: |Secti0ns |

FEVWTITT

layaut
main_rectangle
narne
numhber_of_pages
organization
other_infarmation
page_number
phone_number
prototype
protatype_hilling_chart
prototypes
published_in
purchaser

guality
reading_level
responsible_for
salary
salesperson
sections

Value Type

| Instance w7 |

Allowed CI Vi +| -
©'::‘;iunasses |—V_||7 Cardinality Default mm’T”T

[ required at Ieast’j

[V multiple at most|4

Minimum Maximum Imrerse Slot g jlz‘
sub_rectangles

| | |
supervision_type :

et DIRECT DOMAIN [v[e]+]-]

urgent :
weekday : | Prototype_Newspaper
witlth |{© editor M
AMNMNOTATED-INSTANCE :
AMNMOTATION-TEXT
ASE0CIATED-FACET
AIE0CIATED-SLOT

ea][e]fea]ealfes] el eslfesjwa o] es]fesl jwal ] es]jeafwa o] esjwalwa o] s fwalea]iesfealjwa] e
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Protégé / General Concepts / Instances

- newspaper. Protégé 2.0 beta  (file:/C:/javalprotege-E3/examples/newspaper/newspaper. pprj, Standard Text Files)
Project Edit Window Help

ol=la@ ol [Bn =] [A]R]

|(clciasses |[S]] [ EflForms | < instances |
Classes v |pispay stot {2 ChiefHoncho _ (tyne=Ediitor, name=i e_00055) [c]x]
[T THING A :[[S]name | | Hame al
&%:SYSTEM-CLASSA : |[crierHoncho || 150000.0]
@ (C) Author i » : :
0ot o vIc[®]5[x]
@ (T} Layout_info & :[L Chief LIANGHT
(© Library (1) Mr. Science | pate Hired Respansibie For (v]ef+] -]
@ Mewspaper (6) Ms Gardiner :
© oowspan Sparts Nut 1l | (2 Snorts Nut
rganization (1) i K> Ms Gardiner
@ (C)Person :
@ (C)Employee® :
© colurnist® (2 | current Job Title
(C)Editar™ (4 :
(CiReporter™ (3 : | |
(C)Salesperson (1) :
@ (CiManager (3 :
Phone Number Sections W‘I?HT”T
| | Magazine
: Local News
:1 Automotive
: Business
:| Other Information World News
Y
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Protégé / General Concepts / Forms

- newspaper. Protégé 2.0 beta  (file:/C:/javalprotege-E3/examples/newspaper/newspaper. pprj, Standard Text Files)
Project Edit Window Help

EEX

olsla@ ol [Bn =] [A]R]

EE EditorM €

ReporterM <

Salespersan©
@ 22 Manager

Phone Number

/| other nformation

|2 casses {5 it | Trorms 1255
Forms x| @"E ‘| Display Slot Selected Widget Type
THING |[8]name -~ |F|oatFie|mnndget -
& EB :5vSTEM-CLASS : ——
e B8 author | Name Salary
@ B8 Content i
@ B8 |ayout_info i | |
EE Library :
Mewspaper i| pate Hired Responsible For V|C| + |T
EE Organization € | |
3= F'.erson i
@ B2 Emplovee i :
B8 ColumnistM i| Current Job Title

Sections

[v[c]+]-]

Y
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Protégé / A world-wide user community

« Stanford offers support to individual users via “protege-help” mailing list

» Users support one another and brainstorm about new ideas using the
“protege-discussion” mailing list

« Protégé Web pages provide access to contributed plug-ins, ontologies,
help manuals, FAQs, and scientific publications

« Every year, we hold a Protégé users group meeting for both technical
discussions and schmoozing

Protege Cumulative Registration Totals
£ 12000
3 11000 -
T 10000 -
& 9000
2 8000 -~
& 7000 -
s 6000 -
* 5000 -
2 4000 -
5 3000 -
g€ 2000
3 1000 -
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5555558¢8888¢8838828383
S 8 & 3 ¢ 3 § 8 ® 3 ¢ 3 5§ & m 3 %
S =325 8§28 =258 238 =323
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Protégé / Lots of user-contributed “plug ins”

« Like Web browsers, Protége-2000 accepts a wide range of “plug ins”
that enhance its functionality

« Many of these plug ins are contributed by members of our user
community with little or no discussion with our development team

« It's absolutely amazing to see what our user community has
contributed back to us!

* New visualization systems

* New inferencing systems

* New import and export formats

* New user-interface features

« New means of accessing external data sources
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Protégé / Storage Formats

» Users edit and view ontologies in a manner that insulates them from
the ultimate storage format

* Ontologies may be read in from, written out to, and interconverted
between a large number of formats
— Relational databases (ODBC)
— CLIPS
— UML / XMI
— XML / XML Schema
— RDF
— Topic Maps
— DAML+OIL
- OWL

Protégé OWL Plugin Stanford Medical Informatics Slide 19

Protégé / Role of Protégé in the Semantic Web

Semantic Web

Paradigms> Languages> Tools > Application>

Decision

ezOWL, etc Support

Description Protégé L
Logics OWL OWL Plugin Classification

Frames / OO OKBC Protégé Reasoning
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Protégé / OWL Plugin

« Extension of Protégé to allow editing OWL ontologies

» Project started April 2003, based on ideas from previous projects
(QilTab, RDF and DAML+OIL backends)

« Currently in beta release (http://protege.stanford.edu/plugins/owl)

« Features

— Loading and saving OWL files

— Graphical editors for class expressions

— Access to description logics inference components such as classifiers
Powerful platform for hooking in custom-tailored components

Protégé OWL Plugin Stanford Medical Informatics Slide 21

Protégé / OWL / Installation

1. Install Java 2 Virtual Machine (SDK version 1.4.2)

2. |Install latest version of Protégé 2.0
http://protege.stanford.edu/download/prerelease

3. Download OWL Plugin and unzip it into plugins folder
http://Iprotege.stanford.edu/plugins/owl/download/protege-owl.zip
(This will create a folder plugins/owl containing two files)

% C:\java\Protege-B2\plugins

Ele Edt View Favorites Tools  Help 1','

Qo O (B Psonh i ks | [

Address [ CiijavalProtege-B2iplugins v B

Falders s Size | Type Daty
[ jesdk1.4.2_01 File Folder ofz¢f
) javace Fils Folder BIE:

350KB Executable JarFile  6/7);
12BKE Executsble JarFle  4/24
85KE Executable JarFle 91/

(2 Jena-2.0
(2 Protege-64
(&) Protege-65

| protege-75 S3KE Exe Fil 9/1};

H (2 protege-79 2,304 KE  Exe Fil 92
Optional Components = hoiurepnlinglii
2 doc 2,287KB Exs & Jar File o)z

196 KB  Exs & Jar File: 9264

25KE  Exe

* Install other plugins
such as ezOWL

le Jar File 9j2¢)
119KE  Executable Jar File 612
343KB Executable Jar File 1211
425KB  Executable Jar File 91},

. g =) 476,KB  Executable Jar File 95},

e Install classifiers such as Racer [y et mestrie o
@ Program Files 107 KB Executable Jar File 926

= 5 projects 210KB  Executable Jar File 1211

F7KE  Executable Jar File 91,
434 KB Executable Jar File 9264
816 KB Executable Jar File 12/1]

B2KB  Executable Jar File 1211

>

[ 1HCs-2004
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Protégé / OWL / Ontology Development Process

« Ontology development is an iterative process

* Roughly consists of the following activities
determine enumerate define define create classify
scope S terms classes properties instances ontology

« Ontology development requires
— some experience and foresight
— communication between domain experts and developers
— atool that is easy to understand, yet powerful

— atool that supports ontology evolution
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Protégé / OWL / Files and Projects

An OWL Project typically consist of two files
— an .owl file (e.g. wine-classified.owl): Contains the ontology itself as RDF

— a .pprj file (e.g. wine-classified.pprj): Contains project metadata such as layout
information, file names

Project/New... OWL Files — Creates a new (empty) project
Project/Open... — Loads an existing project
Project/Save as... — Saves the current project under a given name

F- OWL files X
Project |—+
‘ﬂle:!C:Iprnjects!uwlnn.fine-classiﬂed.pprj
OW file name |—+
‘wine-classiﬂed.nwl
Alternative
Language 09 0
serializations of
 RDF/XML-ABBREV vl

T~ OWL (e.g. N3)

| H ¥ Cancel ‘
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Protégé / OWL / Files and Projects / Import

» Use Project/Import...

— developed with another tool
— developed with a previous version of Protégé (.pprj file might be outdated)

¥ Protégé 2.0 beta

to load an existing .owl file that was

= Web Ontology Language (OWL) files

3

Edit Window Help
M New... IE_+|\;E_+N| \i"ﬂ Look In: ‘Unwl-lihrary '| @ @ @ E
= U D heckham.owl D tambis-full.owl
QLTI [} camera o
Open Recent » [ walen.ow
& seve [} 6o02-20-2002.0w1
Archive » [ ka.omt
Save As... D mad_cows.owl
Close @ included Projects| |[) shuttle-crew-ont.owl
ﬁ - |
Save In Format...
Files of Type: ‘ Protégé Web Ontology Language (OWL) files (“owl) hd |
F-Select Format Select cancel
mergll Standard Text Files
coll Database
el JOWWL files @
Genhe| \./
] @ OWL e name [5]
‘ Erowse for File
Language
| v 0K | | ¥ Cancel | | RDFXML-ABBREY |
‘ | | ¥ Cancel |
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Protégé / OWL / Classes / Tab
% wine-classified Protégé 2.0 beta  (file:/C:/projectsfowliwine-classified. pprj, OWL fils M etad ata &
Project Edit Window OWL Help Com me ntS
oj=la@l [~ B]& >z [A]R]E @ k
(]l ow Classes [ [S]]] [ s i
Relationship | Superclass ¥ ”7,7,7 x‘ {C) MealCourse  (type-owl:Class) [c|+[=|T][F]
J G %HNG R [ Name /Aamns ’f“T“T
\ owl.Class [ Property [ Value
. () owl P D MealCourse |
Inherltance ? ©3\'Vrneénezacnmur )
& (©wineTaste Documentation
/Taxonomy = we
©WmeEudy
© @ WineCalor
i
-] Cg%:ggma%ghmg Properties | Template Slots : : : ‘ V" C ||?”T” =
ibleThing i T Cardinality Other Facet:
@ () PolableLiquid hasFood @ = Inslanss requirea; r‘r:ualt:ple cIaEsses:{Echbh:.‘l?rrmr?gt;E - AI | Owed
© @Wme hasDrink® Instance required multiple  classes={Wine} .
¢ @h%:\;‘;srse madeFromFruit Instance  multiple clagses={Fruit} pro pe r‘tles
@'%REdMeaICUWSE \‘K
FastawithLightCi o] =
© DaritiealrouiCourss H'III Restrictions FE R EEEEE
© (C) SeafoodCourse [ Property | Restriction | Filler
0 l hasDrink @allValuesme Wine
hasDrink @mmCardma\iw 1
"5M hasFood @mmoarmna\iw 1
[ ] Superciasses | V" c H + H‘ - " X LO ical
g - 9
SIS UL ["= | Equivalent classes W"am’——‘r [= "] Disjoint classes |—|’_’_’_|—||—‘ . ey
[ S EdibleThing — deflnltlon
'S PotableLiguid — k
A

Slide 26

Protégé OWL Plugin Stanford Medical Informatics




(T owlclassD
(C) owl:Property D
@ (C)wineDescriptor
@ (ChwineTaste
(CivineSugar
@WineFIavor
@WineBody
(ChwineCalor
@Winery
@ (C) ConsumableThing
& (C) EdibleThing
¢ (2 PotableLiquid
& (Tl niine
Juice
@ (CImealCourse
@ (C) RedMeatCourse
@PastaWithLightCreamCourse
@DarkMeatFDWIerse
& (T SeafoodCourse

[ E [Superclasses | V| C| + ||
@ ConsumahleThing

1 [8] hasFaod

[ = | Equivalent classes| V" C || + ||| - " *

Project Edit Window OWL Help
o=@ [« [== =z [AIR[E] @
( Relatiunship|5uperclass '" V" C" é}||>(_| §©M93|CU“799 (type=owl:Class)
e 1| e 1 tsbols " Somets 1 pieroom

|Mea|Course |

Documentation

Properties / Template Slots

_ Narme [ Twme |
: Q hasFood® Instance requ
; E hasDrink© Instance requ
: E madeFromFruit Instance mult
4 [ |Restrictions
: Fropety [ Restriction [
4 [8]hasDrink 7 allvaluesFrom Wine
4 [5] hasDrink (& minCardinality 1

(=) minCardinality 1

Displays subclass /
superclass relationship

:THING is top-level class
(owl:Thing in OWL)

V View / Edit class in extra
window

C Create subclass

X Delete class
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Protégé / OWL / Classes / Inheritance Tree (2)

- wine-classified Protégé 2.0 beta (file:/C:fprojectsfowliwine-classified. pprj, OWL files)

Project Edit Window OWL Help
o]=]@] <]~ [=[® ]z [A[R[E] @)

(1)) OWLClasses EE | °
Relatiunship|5uperclass - " V" cC || é}" 'X_| ;;@MealCourse {type=owl:Class)

(D) THING -
(T owlclassD
(C) owl:Property D
@ (C)wineDescriptor
@ (Ch\ineTaste
(CivineSugar
@WineFIavor
@WineBody
(ChwineCalor
@Winery
@ (C) ConsumableThing
& (T EdibleThing
§ (C) PotahleLiguid
& (Tl niine
Juice
@ (CIMealCourse
& (C) RedMeatCourse
@PastaWithLightCreamCourse
@DarkMeatFDWIerse
@ (T SeafoodCourse

Wame | Lotils | Samens | Diforntirom |

|Mea|Course |

Documentation

Properties / Template Slots

_ Narme [ Twme |
ﬂhasFoodo Instance requ
i EIhasDrinko Instance requ
§§ EmadeFromFruit Instance mult
/| [ £ | Restrictions
Property | Restriction |
| [8] hasDrink %) allvaluesFrom Wine
:| 8] hasDrink @ mincardinality 1
‘| 8] hasFood & mincardinality 1

[ © | Superclasses | V" c || + ||| = " *
@ ConsumahleThing :

[ = |Equivalent classes| V" C || + ||| = " x

Drag and drop
Multiple inheritance

More options in popup menu

V' View / Edit superclass

C Create superclass

+ Add superclass
Remove superclass

X

Delete class expression

/4
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Protége /| OWL / Classes / Class metadata

¥ wine-classified Protége 2.0 beta (file:/C:/projectsfowlfwine-classified. pprj, OWL files)

Project Edit Window OWL Help

[o]=l@) (-] [=[® [ [A[R]

= @)

(CJj) OWLClasses | [S as
Re|aﬁunship|5upem|ass = " V" c " Q" ® ‘|£) MealCourse _ (type=owI:Class) [e[+][=][T]F]
(2 THING (Name [{Labels | SameAs [{ Differentfrom |  Annotations [c] +] -]

(T owl:ClassD
(C) owl:Property D
@ (C)wineDescriptor
@ (ChwineTaste
(CiWineSugar
@WineFIavor
@WineBody
(ChwineCalor
@Winery
@ (C) ConsumableThing

|Mea|Course | Property [ Yalue

Documentation

Properties / Template Slots WVFH;VT”T

- (C) EdibleThing i Name [ Twe [ cadinalty | Other Facets
¢ (2 PotableLiquid 5] hasFood® Instance  reguired multiple  classes={EdibleThing}
G*@Wine i ElhasDrinko Instance required multiple  classes={y¥ine}
Juice 2| |8] madeF ramFruit Instance  multiple classes={Fruit}
@ (CImealCourse :
@ (C) RedMeatCourse

@PastaWithLightCreamCourse

- | Clalelclela]Elx

Dperty [ Restriction _ Fillar
- Class name n Gmonman
. . od & mincardinalty 1
« Labels in multiple languages
. DOCumentatlon and uhralentclasses| V" C" +||| —"X_ Disiuintclasses |V|| C" +| |=+| —"X_
EdibleThing

annotations for housekeeping (© potatletiaue

(versioning, author, etc)
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Protégé / OWL / Resource Metadata

Standard metadata for all ontology resources

OWL Property Description
Name rdf:1D A unique name for the resource
Documentation rdfs:comment A comment describing the resource
Labels rdfs:label Labels in multiple languages (alternative to Name)
SameAs owl:sameAs List of resources that are known to be identical
DifferentFrom owl:differentFrom | List of resources that are known to be not identical

E locatedin  (type=owl:Property)

Name [ Labels | Samefs | Diterent || annotations EEE

|Iucatedln | Froperty | Walug
OWLVERSION-INFO Version 0.7 revision 2
Documentation (OWL-SEE-ALED #Region
- — - (OWL-15-DEFINED-BY  woww knublauch.comiholger
The regions where this is located in. - Haolger Knublauch
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Protégé / OWL / Resource Metadata / Names

« Each resource (Class, Property or Individual) must have a unique
name (within its namespace)

« Names must be the local part of a URI

« Support for multiple namespaces is in progress, and the editor will
reflect this (e.g. displaying namespace placeholders such as
wine:Riesling if multiple namespaces are used)

* In Protégé, names

— must start with a letter or the underscore ()
— must only contain letters, digits, , -, .
— can not contain spaces

» Protégé will display illegal names in red and replace illegal characters
with underscores ()
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Protégé / OWL / Resource Metadata / Labels

« Labels define alternative names of resources
(classes, properties, individuals)

« Labels can be annotated with a language attribute (country key)
» International ontologies
« May be used for display purposes in later Protégé versions

r Hame rLahels rSamens r Differe: 3 |

rdfs:label C | ¥

Language| Label
de Trinkhare Fluessigkeit
fr Ligquide potahle
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Protégé / OWL / Resource Metadata / Annotations

* Annotations are comments on the resource
* Have no formal semantics, are ignored during reasoning

« Must be values of properties that are marked as “Annotation
Properties” (type owl:AnnotationProperty)

* Any annotation property can be assigned to any resource
« Some pre-defined annotation properties exist
* Currently only text strings are supported

C Create new ann. property

Annotations | C || + H -
_ Property | Walue
+ Add value for an existing OWLVERSION-INFO  Version 0.7 revision 2
(OVYL-SEE-ALS0 #Region

ann. property OWIL-IS-DEFINED-BY v knublauch.comiholger

authar Halger Knublauch
- Remove property value \/

User-defined and pre-
defined annotation
properties can be used
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Protégé / OWL / Classes / Properties

 List of all properties that can be assigned to individuals of this class
(Either explicitly (property has the class as domain) or by use)

« Similar to attributes and relationships in object-oriented languages
* Inherited properties have a white S

V View / Edit property | e ‘
C Create and add property
Properties | Template Slots v @ ® E -
e e M [T [ cardinalite | Other Facet
+ Add eX|St|ng property 1| 18] hasFood© e Insta:ES requireatirrhnua:t:ple claSses:{EdibIel?l'rhi:lgc;gS
§§ E|hasDrinko Instance required multiple  classes={Wine}
EmadeFromFruit Instance multiple clagses={Fruit}
- Remove property
128 | =] Restrictions EEEITEEN) kS
7 _ Property [ Restriction [ Filler
| |,|_ §§ QhasDrink @allVaIuesFrom Wine
:| 8] hasDrink @ mincardinality 1
"!M S| hasFood (& minCardinality 1

[ c |Superciasses | V' | c " + | By - X
() ConsumalleThing [ = | Equivalent classes | '/ ’am =¥ Disjoint classes | V/ ’F”T”E il Ra

[T EdibleThing
) PatableLiguid
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Protégé / OWL / Properties

A property can be used to assign values to individuals
(and classes and properties) and to define relations between them

» Properties can have characteristics / attributes
[These are defined in the Property metaclass]

» Properties have “global” and “local” characteristics
« Global characteristics define general properties of the property

» Local characteristics define properties when the property is assigned to
a certain class

» Local attributes are represented by means of OWL restrictions (below)

« Some characteristics can have both global and local values (i.e. they
are “overloaded” for a local class):
— Range (global) = All Values From (local)
— FunctionalProperty (global) = Maximum cardinality of 1 (local)
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Protégé / OWL / Properties / Global Characteristics

OWL Property Description
Range rdfs:range The allowed datatype or classes for values
Domain rdfs:domain The classes where this can be assigned a value to
Domain Defined | (explicit domain) Indicates whether there is an explicit domain

Super-properties | rdfs:subPropertyOf | A collection of the parent properties (inheritance)

owl:equivalent-

Equivalents A collection of equivalent properties

Property
Inverse Property | owl:inverseOf The inverse property (bi-directional relationship)
Transitive owl:Transitive- If A and B are related, and B and C are related,
Property then it follows that A and C are also related
Symmetric owl:Symmetric- If A is related to B, then B is also related to A
Property
owl:Inverse- Whether this is inverse functional (comparable to

InverseFunctional FunctionalProperty | key in databases)

Multiple owl:Functional- Whether this is a functional property (can have only
Cardinality Property one value, maximum cardinality of 1)

Annotation- owl:Annotation- Annotation properties are used only as comments
Property Property and metadata — they are ignored during reasoning

Protégé OWL Plugin Stanford Medical Informatics Slide 36




Protégé / OWL / Properties / Properties Tab

¥ wine-classified Protége 2.0 beta  (file:/C:fprojectsfowliwine-classified. pprj, OWL files)

Project Edit Window OWL Help

[O]=]@] (o]~ [=[®] 2]z] [A[R]
(< [S]]] Properties | i

Sl

Inverse Property @EE [w] Symmetric

[C] Transitive

Properties m’?”? S| adjacentRegion  (type=owl:Property) [el+[=[T[F]
S]adacertRegion | Mamo | Labels | Somets | Diereifrom | annotations e *] -]
% Egirgﬁnk [adjacentRegion | Property | Walue
[§] hasFood ; _

@ hashakar :| ~Documentation

[8] hasvintagerear i

@ [8] haswineDescriptor

|E| hasSugar
[8] hasFlavor
IE hasBody :
[S]hascalar :

8] ocatecin | cardinaity (= JHasvae |V C| 4 - [= |Equalent \ C[+] -

9 [8/madeFromF i O requirea & at Ieastl:l

@madeFromGrape :
[8] madelntowine :
[8] producesivine | ¥ muttipte @ at mustl:l
yearvalue §§
% FROM i All Values From Some Values From
TO i
|Instance - | | - | o i defined
|comses (V][ #] ¥ o [WSlE
Renion "
@ Region

[_] AnnotationProp

[Z] InverseFunctional

erty
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Protégé / OWL / Properties / Range

* Range defines the type of values that can be assigned to the property
» If the range is “Instance” then you also have to specify the list of allowed

classes

&ll Values From

Instance

Boolean

Class

Float

Instance

Integer

String

Symhbol

Inverse Prnperq1"5| ﬂl;

¥ hasWineDescriptor at class Wine

Global

(type=owl:Property)

[e]+] -

|hasWineDescript0r

| Walue

| FProperty

Documentation

Cardinality Has\r‘alummmm [=1] Equiu'aler{ W " cC " + " -
Crequired @ at least

[V multiple 50 at most

All Values From ) Some Values From

|Instance ~ | | - | [¥] Domain defined

Classes WVF”T"_—“Y Domain WVF”T”_—
@WineDescriptnr @Wine

Inverse Prupe@BE [C] Symmetric

[C] Transitive

[_] AnnotationProperty

[Z] InverseFunctional
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Protégé / OWL / Properties / Global Cardinality

* The global cardinality states whether multiple values can be assigned to
a given property

« Similar to 0..1 or 0..n relationships in relational and object-oriented
models

* Properties with global cardinality of 0..1 in OWL are called functional
properties

» Default cardinality is usually multiple

Cardinality Has‘u‘alummml——‘ EEquhralem’?”T”T

Clrequired & at least

@ at mus‘tl:l
All Values From Some Values From
|Instance M | | - | vl Domain defined

Classes ITVFHT”——“? U ITVFHT”T

@WineDescriptor @\Mne

[¥] multiple

Imserse Prupe@BE [ Symmetric [_] AnnotationProperty
[CI Transitive [C] imverseFunctional
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Protégé /| OWL / Properties / Inverse Properties

* Inverse properties are bi-directional
* If Wine A has maker Winery B, then Winery B produces Wine A

¥ hasMaker at class Wine  (type—owl:Property) E| [EI[EI

Namo | Labols | Sames | Diferent || Amotains EDE

[hasmaker | Property | Yalue

Documentation Wl n e

Cardinality Has\;‘alummml——‘ [=1] Er|:|ui\.i'aleriVV?”T”T prOduceSWIne
Clrequired @& at Ieastl:l

I multiple & at must

All Values From Some Values From hasMaker
|Instance 7 | | - | [C] domain defined -

Classes W"?"T"——"? Domain WVF”T”T WI n e ry
(T winery i=) hasMaker = 1H
%! ¥ hasMaker WineryH
Inverse Prupe@BB [C] Symmetric [ AnnatationProperty
[S] produceswine [_] Transitive [ InverseFunctional
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Protégé / OWL / Properties / Transitive

« Typically represent certain part-whole relations

« Example: Because the SantaCruzMountainsRegion is locatedIn
the CaliforniaRegion, then it must also be locatedIin the USRegion,
since locatedIn is transitive.

¥ locatedIn at class Region,  {type-owl:Property)

. g GEE
[lacatedin | Property [ value

Documentation

Cardinality HasValuml?"Tlm =1 E|:|ui\|raler{7"?"T||T
O required & at Ieasl|:|
[vi muttiple & at must|:|
All alues From Some Values From

| Instance = | | w7

[v] Domain defined

Casses | V| C|+] -] boman  V|C[+] -
Region [Z) 3 1ocatedin RegionH [«
/2] locatedin = KalianRegionH [
@ Region l;
Z 0
Inverse Prnperti v ,a,T”——‘ [C] Symmetric [ AnnotationProperty
[v] Transitive [C] InverseFunctional
Protégé OWL Plugin Stanford Medical Informatics Slide 41

Protégé / OWL / Properties / Symmetric

* A symmetric property must always hold in both directions
« MendocinoRegion is adjacent to SonomaRegion and vice-versa.
« Symmetric properties must have equal range and domain

F- adjacentRegion at class Region  (type-owl:Property) |Z||E|rg|
| Name_|[Labels | Sames | Diferent | nnotatons EEE
[adiacentReaion | Property | Walue

Documentation

Cardinality Has\n‘alummmm =1 Equhralem,amF

Crequired & at Ieastl:l

[ muttiple & at mustl:l

All Values From Some Yalues From

|Instance = | | - | [¥] Domain defined

Classes W"amp"? Domain W"F"T”T
(C) Region (T Region

Inverse Prupe@ED—| [v] Symmetric [C] AnnotationProperty

[Z] Transitive [Z] InverseFunctional
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Protégé / OWL / Properties / InverseFunctional

» For inverse functional properties, if two individuals have the same
value then we can infer that the individuals are the same, too

° Example Each W'ne has ¥ producesWine at class Winery  (type—owl:Property)

. Global || Local atclass |
exactly one Winery as —
f Hame rLaheIs rSamens r Different » | Annotations ’am -
producer roaucastine | Progery | Value
Documentation
Cardinality [ = |Hasvalue V| C D ~ [ = |Equivalen \/ mm -
@
¥ multiple 2
&ll Values From Some Values From
| Instance hd | [_] Domain defined
Classes Y/ mm =¥ Domain vV mm -
(Shwiine S winery
Inverse Propert %/ @EB [Z] Symmetric [_] AnnotationProperty
[8] hasMaker [_] Transitive | [¥] InverseFunctional !
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Protégé /| OWL / Properties / Domain

« The domain of a property is the collection of classes that can have a
value for the property

« In Protégé this is traditionally defined from a class point-of-view, i.e. you
define a class and then add the properties it can have (the so-called
template slots)

« OWL allows to define properties without any restrictions on the domain:
This means the property can be used anywhere
— Difficult to guide form-based knowledge acquisition process

» Option “Domain defined” specifies whether or not there is a domain
restriction defined

¥ multiple &
All Values From Some Values From

B |
| Instance r | [_] Domain defined
Classes |/ ’am =¥ Domain L) ’am -
Clvine (CiWinery

j
Inverse Propert] \/ @EE ] Symmetric -] AnnotationProperty
[S] hasMaker [Z] Transitive [v] InverseFunctional
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Protégé / OWL / Properties / Local Characteristics

« Many characteristics can be defined | |
. - Cardinality [ = |HasValue CD —MEquiuaIenV Cl+[ -
for each class individually ka1 o von:
. . ] multiple @atmnst,j

«  OWL concept: Property Restrictions oo e
* Sometimes called "facet overloading” || s e« ofan  [Vic]+]-
« Switch to “Local at class” tab of )

property _

OWL Restriction Description

Minimum owl:MinimumCardi- | The minimum number of values that the property
Cardinality nalityRestriction must have at the given class
Maximum owl:MaximumCardi-| The maximum number of values that the property
Cardinality nalityRestriction can have at the given class

All Values From owl:AllValuesFrom-| The type (class) that all values of the property must

Restriction have at the given class
Some Values owl:SomeValues- | The type (class) that at least one of the values of
From FromRestriction the property must have at the given class
owl:HasValue- The value that at least one of the values of the
Has Value o .
Restriction property must be at the given class
Protégé OWL Plugin Stanford Medical Informatics Slide 45

Protégé / OWL / Properties / Cardinality

« Cardinality specifies the number of values that the individuals of the
class must and can have for the property
— Minimum cardinality / number of required values
— Maximum cardinality / number of allowed multiple values

¥ hasColor, at class SweetRiesling  (type-owl:Property)

Global | Local at class

[ Name | Labels | SameAs | Different «|»| annotations Cl|l+| -
hasCalor Property [ Yalue

Documentation

Cardinality ["= | HasValue %/ CE = [ = |Equivalen V| C| + | =

[¥ required (=) at least 1|| <2 white
] multiple =) at most 1

All Values From Some Values From

| Instance = | | 3

Classes V’am =¥ Domain VIC| +] —
[Crwinecolor

Inverse Propert ' C + —
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Protégé / OWL / Properties / All Values From

« AllValuesFrom specifies the types that
a” Values Of the property mUSt have for ¥ friends at class FriendlyPerson

instances of this class

« Mostly used for instance properties (Worme SN SR SN «|:| Annotatio

« Overloads the global range

 If there is more than one type, then they
are interpreted as union, i.e. all values

must have one of the types:

<owl:allValuesFrom>

r Global | Local at class

friends Pro

Documentation

Cardinality [ = |HasValue %/ | [

¥ required (=) at Ieast’j
v multiple =) at mustD

~\

<owl:Class> r All Values From Some Values From
<owl:unionOf rdf:parseType="Collection"> [ instance |
<owl:Class rdf:about="#FriendlyPerson"/> Classes |V |[C|+ —
" " (C) FriendiyP
<owl:Class rdf:about="#HappyPerson"/> D HappyPoreon.
</owl:unionOf>
</owl:Class> 7
Inverse Propert, % | | + | —
</owl:allValuesFrom>
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Protégé / OWL / Properties / Some Values From

« Specifies the types that at least
one of the values of the property
must have for instances of this
class

» Mostly used for instance
properties

* For example, every
AcademicPerson must have at
least one workplace at a
University

¥ workplace at class AcademicPerson  (type—owl:Property)

r Global r Local at class |

fName rLabeIs rSamens rD'rfferent' + | Annotations
workplace Property |

Documentation

Cardinality HasValue %/ C D - =T
[l required (=) at least
[¥] multiple (<) at most |

All Values From f Some Values From 11—
| Instance - | | Instance i |
Classes | %/ IF"T| = | > || Classes |/ ’E”T| = | 2 | Domail
@Wnrkplace @Universiw

\_ J

Inverse Propert %' | C| + | —
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Protégé / OWL / Properties / Has Value

» Specifies one value that the individuals of the class must have for the
property
« For example, all Sweet Rieslings have white color

¥ hasColor, at class SweetRiesling  (type-owl:Property)

[ Local atclass |
e | SSNNESE 1| srotaions EER
lhasColor | Property [ Walue

Documentation

Cardinality Has\.‘alumEHT”——l [ =1 EqumlemmmF
[Virequired (=) at Ieast’j <3 White

[ muttiple (=) at must’j

All Values From Some Values From

| Instance i | | v | [ pomain defined

Classes W"?"T”T"? Domain W"?"T"T
[CrwineColor

Inverse PrupeE‘ [ symmetric [ aAnnotationProperty

[ Transitive [ InverseFunctional
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Protégé / OWL / Restrictions

» Restrictions are a special type of anonymous class definitions

« A restriction defines an anonymous class

* Members of this class are all individuals that fulfill the restriction

» Restrictions are often used to define necessary conditions for a class

F- wine-classified Protégé 2.0 beta  (file:/C:/projectslowlfwine-classified. pprj, OWL files)

Project Edit Window OWL Help

/(0] |- =) > [AR[ G

(CJj) OWLClasses | [S]]| 2E|

Relationship | Superclass v"ﬂmm’?‘ {) MealCourse _ type-owl:Class) GEELE

[ THiNG =] | [ Name Annatations [c][+] -]
I.ClazsD
%Emp,sﬁzwn [Mealcaurse | Property I Value
WWineD 1t
T remeseror Documentaton
@Wmesugar
@WmaFlavnr
(CiwineBody
@WmeCn\ur
(©)winery
§ (C) ConsumableThing Properties | Template Slots m’a’;"jl’f
& (S EdibleThing Name [ Twpe | Cardinalty | Other Facets
¢ (S PotableLiguid S|hasFood @ Instance  required rultiple  classes={EdibleThing}
0'©Wme E‘hasDrmk" Instance required multiple  classes={¥ine}
®JL”EE‘ E‘mademeFruit Instance rultiple classes={Fruit}
L @MealCnurse
&%Redmealcwrse
PastaWithLightCreamCourse
(C) DarkMeatF owiCourse [_c_]Restrictions ‘@c“@l@’@"@” =] E
& (C) GeanodCourse = Property I Restriction I Filler
q » 5] hasDrink ) allvaluesFrom Wine
| ry || hasDrink () mincardinality 1
@haannn @mm(}ardmalw 1
[ c_|Superclasses ‘ Vu C || + H |;| X
&) ConsumableThing [ = | Equivalent classes| V"?”Tllz“i [ = | pisjoint classes | VH [ ‘,T"E’H = u X
[CEdikleThing

() PotableLiguid
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Protégé / OWL / Restrictions / Editing

T FEEEEREEE

Froperty | Restriction | Filler
5| hasDrink % allvaluesFrom Wjine
5| hasDrink (= minCardinality 1
5] hasFood (& minCardinality 1

- Create Restriction

Restricted Slot Restriction
« To add a restriction either P 2
— Left-click one of the c buttons; this i’.}::ﬁﬂﬁi', %22?512!.”.5,,
will open the dialog on the right i:::g:";:r B %m;‘:g;i‘l:‘:::‘:y
— Right-click one of the ¢ buttons, i hasFood
. |3 hasMaker
select the property to restrict and S| hasSugar =
then edit the filler in the table | o4
o ENENEUENEN[EEES
Filler [S]adjacentRegion [#1zatianiine
| 5| course i
S| hasBody BEEEEEEEENE
S hasColor m EE B E R EREE
| 5| hasDrink
| 5| hasFlavor
| 5| hasFood _ |
| 5| hasMaker - ok || X cancel
Protégé OWL Plugin Stanford Medical Informatics Slide 51

Protégé / OWL / Restrictions / Synchronization (1)

« Local characteristics and restrictions are synchronized

« For example, if you state that SweetRiesling has white color, then the
system automatically adds a HasValue restriction on the property for

th e CIaSS #- hasColor, at class SweetRiesling  (type-owl:Property)
[ Name |(Labefs | Samens | Diferent [ 1| Annatations [e]+]-]
W Ihascalar | Property | Value
Restrictions Documentation
Fropemy | Restriction |
S| hasBody % hasvalue Full
5| hasFlavor allvaluesFrom {Moderate Strong}
[S] hasBody (=) cardinality 1 Gartllizliyy HasVa'"mmlTlm C=] E“““"a""l v |E"—"'"T
|5 | hasCalar (&) hasvalug Wihite ( G == I_} <2 Wvhite
S| hasCalar (=) cardinality 1
|5 | hasFlavor (=) cardinality 1 [ multiple =) atmost] 1
|5 | hashlaker @ allvaluesFrarm Winery All Values From Some Values From
|5 | hasMaker @cardinaliw 1 |m81am:e v| ‘ S [ ST ————
S| hasSugar %) allvaluesFrom {0fDry Swaet) JrmaiEEne
|5 | hasSugar (=) cardinality 1 Classes W"?"T”T“? EATEETT W"E"—.,."T
|5 | lncatedin {3 somevaluesFrom  Region [T wineColor
S| madeFramGrape @ minCardinality 1
Inverse PmpeE‘ I symmetric [ AnnotationProperty
[ Transitive [ InverseFunctional
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Protégé / OWL / Restrictions / Synchronization (2)

i In th's example, mU|t|p|e a”owed [ ¥ | Anvalues From [ 3 | Some Values From
classes for the property friends are [instance ~| |
converted into an allValuesFrom ciasses | V| C[ +] - ¥
v . . () FriendlyPerson
restriction at the class with a union of (© HappyPerson
the two allowed classes f '\
InversePrope E [ Symmetric
[ Transitive
Properties ! Template Slots / \ ‘ v H C H X H + H _
Mame | Type | Cardinalit] | w Other Facets
ﬂfriendso Instance reguired multiple clagses={FriendlyPerson,HappyPersan}
Ewnrkplace Instance sinale classes={Warkplace}
& resritins / PE B DS
FProperty | Restriction | w Filler
ﬂfriends @allValuesFrom FriendiyPersan u HappyPerson
S| friends (Z) inCardinality 1
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Protégé / OWL / Restrictions / Synchronization (3)

« Two mechanisms to edit restrictions:

» Define local characteristics on the property form
— Bundles all characteristics from a property’s point of view

» Define restrictions on the class form
— Displays the class definition
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Protégé / OWL / Expressions

«  OWL supports class definitions made out of logical combinations of
other classes

— Example: “A GermanWine is a Wine that is made in Germany”

Things that
are made
in Germany

— Example: “A tasty Wine is a Wine that is not a German Wine”

Tasty Wings German

Wines Wines
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Protégé / OWL / Expression Syntax

* RDF is the official OWL syntax:
<owl:Class rdf:ID="GermanWine">
<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#Wine"/>
<owl:Restriction>
<owl:onProperty>
<owl:ObjectProperty rdf:about="#locatedIn"/>
</owl:onProperty>
<owl:hasValue rdf:resource="#GermanyRegion" rdf:type="#Region"/>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
<rdfs:subClassOf>
<owl:Class rdf:about="#Wine" />
</rdfs:subClassOf>
</owl:Class>

* Intended for machines
* Needed: A user friendly syntax

\Wine N {locatedin = GermanyHegion)
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Protégé /| OWL / Expression Syntax in Protégé

OWL Element | Symbol Key Example
allValuesFrom v * Vv children Male
someValuesFrom 3 ? 3 children Lawyer
hasValue =) $ rich = true
cardinality = = children = 3
minCardinality > > children =2 3
maxCardinality < < children <3
complementOf — ! — Parent
intersectionOf M & Human 1 Male
unionOf | Doctor u Lawyer
enumeration {...} {} {male female}

Protégé OWL Plugin
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Protégé / OWL / Expression Editor

Qualified
Restrictions

Text field for
keyboard or

(all, some, has)

Cardinality
Restrictions

Set operators
(and, or, not)

oUSe USErs / “\‘EI'I flucatedln\\fé GermaaneuinE}V
FEBEEEEEEREE
©| Bl @ |B| | || 80|« Y
Backspace
Resources (Classes,\ g // ‘ \for monse
Prqp.ertleS, True and Brackets
Individuals) D, False (e.g. sets)
N—

(boolean,

Datatypes

integer, string)/

float,
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Protégé / OWL / Expression Editor / Synonyms

« Some symbols are not on the keyboard
» There are special keys for them, but also synonyms (after SPACE)

Mlwine and
Symbol | Key Synonyms EE EEEEEEREE
\ * | all allValuesFrom forall only [©]F bl[=]e]e][@] o]
= ? | some someValuesFrom exists
> $ | has hasValue value
= = (Mfwine r |
> > EEEIEE E|EEE kI
< < EEEE R E RS
— I | not
& |and
| |or
{} {}
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Gs
Protegé / OWL / Expression Editor / Syntax Checking

* You can only assign valid OWL expressions

» The Editor checks the syntax while you type

« The “nerd” icon will get a red face if something is wrong
* Pressing ENTER then displays an error message

Error indicator
and OK button
(Mlwine 0 {locatedin = GerrmanyR) |

= E EEE R Cancel
O El| @[ B| ) £ | @] O]« changes

Error: Instance or datatype literal ex\Eected at"German...

?Error display ’
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©19)

Protégé / OWL / Expression Editor / Auto-Completion

« Keyboard users only need to type the first few letters of a
class/property/individual name

* Pressing TAB or CTRL+SPACE opens Auto-Completion box
 If there is only one choice, the name is inserted directly

« Select an existing name or continue typing to narrow/widen the
choice

« UP/DOWN to select, ENTER to insert, ESCAPE to cancel

imlwine N flocatedin = Gal
ClG =
([ @[S[E[& camaysrane g x]
ClE[][E][z cayraren
Error: Instance or 44> GaryFarrellMerlot man...
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Protégé / OWL / Classes / Equivalent Classes

« List of classes that are known to have exactly the same instances
« Equivalent classes are super/sub classes of each other

« Can contain named classes or class expressions

» Defines necessary and required conditions for class membership
» Can be used as logical definition of the class

> & Faemoanine
& (C)wihitewine
G (T Covaabinii
V View / Edit (named) class Properties /Tomplate Slots vic[=]+] -
Mame | Type | Cardinality | Other Facets |
| madeFromGrape @ I Instance  reguired multiple classes={WineGrape} |~
. | hasiWineDescriptor Instance  multiple classes={WineDescriptor} §;§;§
E Create CIaSS eXpreSS|on =hasCoIor" Instance  reguired single  classes={WineCalor} I
| hasMaker® I Instance  required single classes={Winens’ —
heeCone @ Lincd. e e we | L i v >
- & Jrstretons B Eeel e =lEs
+ Add existing named class | - o T Filer -
| hasBody @ cardinality 1 |~
| hasColar =) cardinality 1 Z
3| hasFlavor (=) cardinality 1 .
- Remove named CIaSS 5| hastaker QallValuesFrom Winery =
[ = | Equivalent classes %/ | C " + | = | 2| | =_]pisjoint classes |/ ,?"T"E —*
}( Delete CIaSS expreSS|on [T wine m (locatedin = GermanyRegion)
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Protégé / OWL / Classes / Moving Classes

« Superclasses / Restrictions define necessary conditions

» Equivalent classes define necessary and sufficient conditions

« Sometimes during ontology evolution, users may want to switch
« Equivalent classes are moved into

— Restrictions: if they are restrictions
— “Plain” superclasses: other\lee

() Dessertiin i e——
© (T FullBodisdwine i
& iChwhitevwine
Sweetiine
©FrenchWine
%Texas\-’\ﬂne Restrictions || Properties | @
Germaniine
Laire [ £ |Restrictions @@@@@@ ol X
(CEarlyHarvest 1 I Froperty [ Restriction [ Filler
g@aurdeayx F4 Al [S]hasBody (=) cardinality 1
(CIRosetine 2| [8]hasColor @cardmahw 1
Gamay il |S]hasFiavor 1
QTIFHEAF_WEIHW'”E = || [S]hasmaker mo Winery
"HM 2| 8] hasmaker 1
o hasSugar
S
.............................................................................................................................. | 5] eatodin
[ £ |Superclasses v | c " "‘ - ¥ | |8 madeFromGrane (& minC
IChwine 3
[ = |Equivalent classes| C| +.— - -Dlsmmtclasses v =
@W' & N (hasColor = Rose) |Conven sl equivalent class into superclass or restrlct|0n|
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Protégé / OWL / Classes / Disjoint Classes

« In OWL, classes may have shared instances

« If two classes are defined as disjoint then there is no individual that is
member of both at the same time
* Protégé usually adds both directions of this symmetric relationship

EdlbIeThm B
” t © () Fruit ’ ‘ H Documentation

V View / Edit (hamed) class

) erties / Template Slots v[c|= D =
C Create class expression Name | Tywe | Cardinalty | Other Facets
adeFramFruit Instance multiple classes={Fruit}
+ Add existing named class
. [ Restricions _ [ElCy N ElE) B[
h Add a" SlbllngS Froperty | Restriction Filler

- Remove named class

| | Equivalent classes| %/ ’am il Disjoint classes | %/ ’?”T"E =¥
@ Fawl

@Dessen

T F ruit

> Delete class expression

@Seafood
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Protégé / OWL / Individuals

 Individuals are specific instances of the classes from the ontology
« Each individual can have multiple classes as “types”
« Protégé automatically creates forms for the acquisition of individuals

B3 AlsaceRegion,  [type-Region) |Z| |E| fg|
[ Name [(Labels | SameAs | Differentfrom | ~Annotations [c]+]-]
|AlsaceRegion | Propery | Yalue
Documentation

AdjacentRegion (v[e] +] -]

Locatedin v]e]+]-]

@ FrenchRegion
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Protégé / OWL / Individuals / Tab 5,

¥ wine-classified Protégé 2.0 beta ({file:/C:/projecis/owlfwine-classified.pprj, OWL files)

Project Edit Window OWL Help
S = [=
Ll=la] -~ =" [z]z [A[R]E @
[ & ' 43 Individuals ||
Classes W |Display Siot /L AlsaceRegion _{type-Region) [e][+][=[T]F]
() THING |[5]:namE ~| [ [ Name [(Labels [ SameAs | DifferentFrom | Annotations [c]+] -
%Ex: g::S::me?i)g) |AI5aceRegion | Propetty \ Walue
o @WineDepscnptur | Direct Instances m’a,;”? -
(Ciwiinery (47) [ MisaceRegion Documentation
@ (C)GonsumableThing [T AnjouRegion
&= (T EdiblaThing [ ArroyoGrandeRegion
@ (C) PotableLiguid L AustralianRegion
- (T ine ‘['L> BeaujolaisRegion
(T Juice ‘I BordeauxRegion
o (T)MealCourse ‘[T BouryogneRegion
(T haal CaliforniaRegion
(C)Region (36) L CentralCoastRegion
i :[-L> CentralTexasRegion
%E!:Egﬁvear " @ ChiantiRegion AdjacentRegion [v]c]+]-]
(T ManconsumableThing [% CotesDOrRegion
T EdnavfalleyRegion
FrenchRegion
GermanyRegion
ItalianRegion
LoireRegion
Margau=Region
MedocRegion
MendocinoRegion
MeursaultRegion
Nopafogion Locaten NEER
NewZealandRegion <Z> FrenchRegion
PauillacRegion
PortugalRegion
SancerreRegion
SantaBarbaraRegion
SantaCruzMountainsRegion
[T SauterneRegion |
‘L SonomaRegion -
3 (a8
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Protégé / OWL / Individuals / Enumerated classes

« Enumerated classes are defined by listing all its instances exhaustively
« Often used in an equivalent class statement

& wineColor (type=-owl:Class)

* To define an enumerated class: | ame |taes | samens | biteie || anotations [c] +] -]
ine Calor | Property | Value

1. Define the class

2. Create the individuals
(e.g. White) using the
IndIVId UaIS Tab Properties | Template Slots WVFH?VT"T

. MNarne [ Twpe [ cardinality | Other Facets

3. Create an equivalent

enumeration using { ... }

Documentation

€ | Restrictions EEEEEEEEES

Froperty [ Restriction | Fillar

[ = | Equivalent cla4 V" C " H ||| = " | [[=_ | pisjoint cIassEl V" Cc " + " |=+|| - || *
b {wihite Rose Red}
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Protégé / OWL / Forms Tab

* Protégé automatically generates forms for all classes

« Each property is represented by one widget

« Default widgets are selected for the value types

» Default layout heuristics are applied for user-defined classes

« The default layout may be sufficient in most cases but often
applications want to make custom-tailored adaptations
« The Forms Tab can be used
— to modify the layout of the forms
— to select alternative widgets for selected properties
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Protégé / OWL / Forms / Tab

- wine-classified Protégé 2.0 beta

(file:fC:/fprojectsfowliwine-classified. pprj, OWL files)
Project Edit Window OWL Help
o=@ [~ 2= =@ [AR[E @
| (= omcasses (s hemriaeT [ Trorms (0wl
Forms ,Y"E-"E Display Slot Selected Widget Type
THING S ~|  [mstanceListwidget -
: (Samenel DiET et o Annotations E"T"——
: | Froperty [ Value
EE ConsumableThing
% EE EdiblaThing Documentation
AdjacentRegion W"?"T"——
EE 0therTomatoBasedFood :
® EE PotableLiquid Locatedin vic]+]-
& BfwineM :
Juice™ P
@ E8 mealCourseM € H
Meal™ i
Region©
Yintage M
Vintageyear
MonCongumakleThing M
3
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Protégé / OWL / Forms / Selecting Widgets

¥ wine-classified Protégé 2.0 beta

Project Edit Window OWL Help

(file:fC:fprojectsfowlfwine-classified. pprj, OWL files)
L= [/« 2 =E AR @)
| ( () OWLClasses | [S[]]Properties | [ Forms | I Individuals |
Forms ,;"EME Display Slot Selected Widget Type
: c .
Iur\J\u\(fBI:CIaSS M ; [Snane - | E:::::Mdget M
: c : e e i
Iy wel:Property | Sl S SINTITET N O] Annotations Instancel istWidget
. Documentation eTableWidget
jpctacentregion vicl +]-[x]&] <
B8 OtherTomatoBasedF ood .
@ EB PotableLiguid : gg
@ B8 wineM i :
Juice™ i i
& BB MealCourseM €
MealM
Region©

ntage ™M
ntageYear

BE NonConsumableThing™

Locatedin

[v[el+]-]

(o

Protégé OWL Plugin
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FEX

‘Dusplzy siot

Solected Widget Tyne
NAME v|  [ownsitswiger -
(v SR SR EIER «1+| svoors L
| —
Documentation
[N Restrictions. @@@@@@ B
Propey | Restristion | Filler

OWL Help

e T PP v o WP = V2l = E e
 wine-classified Protégé 2.0 beta  (file:/C:/projectsiowlfwine-classified.pprj, OWL files)

% rlx ARE @

|o]ee]

s |

E@E ‘Dlsmzy Slot

Selected Widget Type

@ NAME v|  [owrsitswiget -
ame (BRSBTS || Anvotations [e][+]-]
Property | Value
Properties | Template Slots [v[e]=]+]-] y
Narme | Tyse | cardinality | Cther Facets

Kl

Bl Restrictions

I
[e]e/eje]e]e ([

Property | Restiction |

Rl Equivalent clzmmm’——“; Disjoint tlassmmm@EB

|

Two alternative views of
properties

» Configure owl:Class
« Double-click on widget

S Configure OWL Properties

Layout

3

() Tabs with Restrictions as default
) Tabs with Template Slots as default
@ Split pane showing both

| - 0K | | * Cancel |

Protégé OWL Plugin
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Protégé / OWL / Forms / Adding properties quickly

« The small buttons allow
users to change the type of
a resource, and its form,
rapidly, without having to

switch tabs

» Allow simple building of
“anonymous types” to ask

bprj, OWL files)

| Documentation

[B=1[E)
:<I: MlsaceRegion  (type=Region) [e][+][=]T][F]
1 ———
[ v {cabotensaan i fomarommomsl _ amcctons =
[#1z3ceRagion | Propetty I Value

queries |
AdjacentRegion W"?”T”T
€ Create new property for type
+ Add existing property to type
- Remove property from type gg;j:f:mm NEER
1 Edit type (opens class form)
F Edit form in Forms Tab 7

Protégé OWL Plugin
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Protégé / OWL / Ontology Metadata

- wine-classified Protégs 2.0 beta [file:/C:/projectsfowlfwine classified. pprj, OWL files) =13
Project Edit Window OWL Help
Ll=l@l [~ == =@ AR[E @
[ =0 [ S Ontology
Comment Hamespace
|htlp:riowl.protege.stanford.edu |
Yersion-Info
| |
~All-Different sets Prior-Version W"T”?
AllDifferent Set lc|x
AllDifferent {Delicate, Moderate, Strong}
AllDifferent {Bancroft, Chat hevalBlanc, ChateauDYchem, ChateauDeM
AlDifferent {Red, White, Rose}
AllDifferent {Light, Medium, Full}
AllDifferent {Sweet, OfDry, Dry}
Backward-Compatible-With W"T"?
) Incompatible-With W"T”?
two individuals could represent
the same thing. AllDifferent
explicitly defines sets of
— individuals that are not the

same (abbreviation for multiple

Protégé OWL Fw:dlﬁerentFrom Statementsj)'m/l\/ledical Informatics
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Protégé / OWL / Species Validator

The OWL Language is divided into three dialects

OWL Lite:

— Classification hierarchy

— Simple restrictions

OWL DL:

— Maximal expressiveness while maintaining tractability
— Standard formalization

OWL Full:

— Very high expressiveness (e.g. metaclasses, classes as values)

— All syntactic freedom of RDF (self-modifying)
— Loosing tractability (reasoning algorithms become inefficient)

— Protégé supports OWL DL and parts of OWL Full

Protégé OWL Plugin Stanford Medical Informatics
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Protégé / OWL / Species Validator

« The Species Validator determines whether an ontology uses constructs
from OWL Lite, OWL DL or OWL Full

¥ <new> Protégé 2.0 beta

Project Edit

Window - Help

CEBX

|M|E|E |ﬂ\i| CIassiﬁrTaxnnumy...

(C7) OWI Classes |

Show OW1L RDF Source Code...

OWL Sublanguage

Relationship| Superclas{ (%) protege OWL Syntax (type=owl:Class) ’FHT":"T"?
© E;'NG_ b Preferences... Annotations ’?”T”T
©2$:;g:2;2m0 | |Person | Property | Yalue
© —— Documentation

The OWL sublanguage of this ontology is: WVF”;VT”T

OWL Lite

Cardinality | Other Facets

T oo EEEEE P

" Froperty | Restriction Filler
[ c | Superclasses | V" 04 " + " | " b4
{5 THING
[ = | Equivalent classes m’amm& Disjoint classes m’am@m&
Protégé OWL Plugin Stanford Medical Informatics Slide 75

Protégé / OWL / Source Code Viewer

- OWL/RDF Source Code...

Source Code

T ST LT =

<rdfs:sublClass0f>
<owl:Restrictions

<owl:maxCardinality rdf:datatype="http: ,-’,-"nnﬂ'm‘i. w3.org/2001 XML SchenagnonlegativeInteger™

Fl</owlimaxCardinal ity
<owlionProperty-
<owl:0bjectProperty rdf:about="#madeFronGrape™ />
</owl:ionPropertys
</owl:iRestriction>
</rdfs:subClass0f>
<owl:equivalentClasss
<owl:Clasas-
<owliintersectionlf rdf:parseType="Collection”>
<owl:Class rdf:abhout="#Medoc” />
<owliRestriction:
<owlionPropertys
<owl:0bjectProperty rdf:about="#locatedIn” >
</owlionPropertys
<owl:ihazValue>
<j.0:Region rdf:ID="PauillacRegion™>
<j.0: locatedIne
<j.0:Region rdf:ID="MedocRegion™>
<j.0:locatedIne:
<j.0:Fegion rdf:ID="BordeauxRegion >
<j.0:locatedIn rdf:iresource="#FrenchRegion” ==
</3.0:Regions
</7.0:locatedIns
/7. 0iRegions
</3.0:locatedIne-
</3.0:Regiomns
</owl:hasValue>
£/owl:Restrictions

Re-assign from
source code

L

Protégé OWL Plugin Stanford Medical Informatics
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Protégé / OWL / Classification

« OWL'’s background of description logics allows to use DL reasoners

« Classification is a reasoner that computes the subsumption
relationships (inheritance) between classes based on their logical

definition: Result is a new class hierarchy of the existing classes

- horrible2 Protégé 2.0 beta  (file:/C:/projectsfawlfexamplesfhorrible2.pprj, OWL files)  [= |[E)[X]

% horrible2 Protégé 2.0 beta (file:/C:/projectsiowlfexamples/horrible2.pprj, OWL files) (= |[E][X]

Protégé OWL Plugin

Project Edit Window OWL Help Project Edit Window OWL Help
o [@@] =] (=8 x|z [A[RIE] @ [o]@@] =]~ (=8 [=]x [AR]E] @
(@OWLCIasses I/@]]Pmpenies rEﬂ]Fnrms ’/®Indi\dduals r@omnlnw | f@OWLCIasses ’/Prnpenies rEﬂ]Fnrms r®lndi\dduals ’/@Omnlnw |
Ralalinnship‘superclass hd || V“ [04 H ﬁ" X‘ [©a  dype=owkClass) [Cl+[=[T[F] Ralalmnshiplsupemlass v || VH [04 H ﬁ" )(‘ (SR (yne=owkClass) [cl+[=[TTF]
I THING | [ Name || Labels rsamens Differe: 3 notatiol # [ Name | Labels fsame.ns Differe: ¥ | Annatatiol
() owl:Class D ; Vﬁ i P
(S ol PropertyD : I J : la J e
©o 3 E ]
(©B ;| Documentation
%E
P e .
i Classification
7| Properties | Template Slots
E Narre T Type | /, 4 MName \ Type \ Cardinality
[ | Restrictions [ c_]Restrictions
H | Property [ Restiction | ||ﬁ . Property [ Reetriction |
[ c | Superclasses v @E By - : v @E By - H
(S THiNG . |
| [=_| Equivalent clas V@E B2 - | %| [=ois [ = | Equivalent clas V@E 8 - %] oo
|\ @enc Adfd@Bnc
d0ouE #ODuE
e = = D Ko D
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Protégé / OWL / Classification / Getting Started

* Protégé allows the user to plug in external classifiers
« We use the DIG interface to access them (e.g. Racer)

» Classifier must execute as a server process

— Download Racer
— Execute it together with Protégeé
— If necessary, configure the classifier's URI (required for Mac users)

®- OWL Preferences E

\projects\racer.exe
5 RACER Uersion 1.7.7

5 RACER: Reasoner for Aboxes and Concept Expressions Renamed

5 Supported description logic:

ALCQHIx+<{D>—

5 Copyright <C> 1998-2883. Volker Haarslev and Ralf Moeller.

; BACER comes with ABSOLUTELY WO WARRANTIY; use at your own risk.
5 Commercial use is prohibited; contact the authors for licensing.
ACER iz »unning on IBM PC Compatible computer as node Unknown

;5 The EML-RDF-RDFS-/DAML parser iz implemented with Wilbur developed

y Ora Lassila. For more information on Wilbur see
http://wilbur—rdf .sourceforge .nets.

he storesrestore facility is bhased on software developed
y Michael Wessel.

he solver for nonlinear inequations over the complex numbers
is bhased on CGB by Marek Rychlik. University of Arizona.

or more information on CGB see http:r-salamos.math.arizona.eduw " rychlik~.

he HTITP interface based on DIG iz implemented with CL-HTTP developed and

wned by John C. Mallery. For more information on CL—HTTP see

5 http:r/wuw.ai.mit.edusprojectssiiipsdocscl-http home—page.html.
[2083-18-62 18:41:381 HTTP service enabled for: http:/-171.65.33.44:8888/

[2683-10-B2 18:41:38]1 TCP service enabled on port 8688

Protégé OWL Plugin

Stanford Medical Informatics

Classifier UR]

|hﬂp:ﬂ|0calhnst:8080

Display System Classes

[¥] owl:Class

[vl owl:Property

[C] :DIRECTED-BINARY-RELATION
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Protégé / OWL / Classification / Example

¥ wine Protégé 2.0 beta ({file:/C:/projectsfowliwwwlowl-libraryfwine. pprj, OWL files) |:||E|[X|
Project Edit Window OWL Help

i@ (o]~ |8 [/ |J|_u @
(T} OW Classes | EllForms | T Individuals |
Relationship|5uperclass v || V|| C || Q" X| §5©Sauterne (type=-owl:Class) (e +[=[T]F]

T GermanTiine ~| | (‘Name [(Laels | Samefs | Difterenterom | e [c] +] -]

(C) OysterShellishCourse :
(T} Sweetiine | [sauteme | IS | UEllLE
(C) CheninBlanc :

@ SauvignonBlanc

@ SemillonOrSauvignonBlanc
(C) Tours

@ Laire

@ FastawithMonSpicyRedSauceCourse
(C) Meursault Restrictions |@3:|| @" @" @" @" @| . .

Documentation

(C) RedBordeaux 5 = i [ EEETE I ==
Bordeauy i = rope estriction iler
ro (C) Sauterne | |5l hasBody (3 hasvalue Medium
() NonRedMeatCourse i| [SlhasColor &) hasvalue Wihite
(S Pauillac °| [S]locatedin () hasvalue SauterneRegion

5| hasBody (=) cardinality 1

| hasColar @cardinaliw 1

| hasFlavar @ allvaluesFram IModerate Strong}
| hasFlavor (=) cardinality 1

| hashaker l@allvaluesFrom Winery

(C) Medoc -

[ £ | Superclasses | V" c || + ||| - " x :

I} LateHarvest |5 | hashaker @ cardlnalmf 1
(T Bordeauy : e +
[ =] Equivalent classes | V" C || + ||'i| - " #| [ =] Disjoint classes | V" C " + || |=+|| - " b4
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Subclass [ |.C! Sauterne _({type=owkClass)
- . || Name. ot | Samets 1 Diers (| Amnotations el |
°_© : [Sauterne | Propety | Yalue
Lo
"% PromptDiff displays the
o changes in the inheritance
Lo . q
® hierarchy using color
: coding and comments
@ WhiteBordeaux - |®c" @" @l" a”@" @| |:
@ RedBordeaux : Propetty | Restriction | Filler
| |8]hasBody =) hasvalue Medium
Lo = |S|hasCaolor (= hasvalue White
o |c|ass raved o LateHar\fesE 5| locatedin @ hasValue SauterneRegion
Lo | 8] hasBody (=) cardinality 1
o S| hasColor (=) cardinality 1
|5 | hasFlavor %) allvaluesFram  {Moderate Strong}
|5 | hasFlavar @ cardinality 1
|5 | hasMaker %) allvaluesFram  Winety
i |8]hashtaker @cardinaliw 1
| = JEquvatent cras v | C [ + |55 = %] [[=]isioint classe V| C| +| H| -
Superclasses | +|| - 5@
@Iucatedln 5 SauterneRegion H :
=) hasBody > Medium H
=) hasColor = White H
) LateHarvest
@Burdeaux
-~ Accept || ¥ Decline
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Project Edit Window OWL Help

(Cil) OWLClasses

D@ =]~ =w == AR

Relationship | Superclass

- || V" C ” Q" x| @ Sauterne  (type=os

Ko THIMG
(T owl:ClassD
(C) owl:PropertyD
Ragion
G‘@WineDescnptor
(CIMonCansumakleThing
@Winery
@ (C) ConsumableThing
©- () EdibleThing
@ (C) PotableLiguid

a WhiteBordeaux because
» SauterneRegion is part of BordeauxRegion
» Sauterne has white color

| o [itabos 8.

[sauteme

—

Documentation

The Classifier has found out that Sauterne is

TTORETY

® @\f(\é\ne _ T Restrictions | Properties. |
@ (L) Desserdine :
(C) EarlyHarvest Restrictions @@@@@@ B
& (C) Sweetiine Froperty [ Restrictian [ Filler
() Italianiine S| hasBody hasvalue Medium sl
(E) Americaniving S| hasColor ) hasvalue White
% (C)Bordeaux 3] Iocatedin S hasvalue SauterneRegion
©- () RedBordeaux S| hasBody 7 allvaluesFrom {Medium Full}
@ (CiwhiteBordeauy B (=) cardinality 1
Sauteme =) cardinality 1
@ (C)whiteVine %) allvaluesFrom {hoderate Strong}
& (C) Redwine : (=) cardinality 1 m
(E) Frenchiine | |S]|hashiaker %) allvaluesFrom Winery
& (C) Gamay 1 [s]hasmaker (=) cardinality 1 |
&-(C) Loire — | [Slhassugar (5 hasvalue Sweet =
___________________________________________________________ B comaemcsses V[ €]+ 5 [ Jomamses ([ +[8] %
Superclasses | v || c " + " | - " x|
fC LateHarvest 3
@WhiteBurdeaux

Protégé OWL Plugin
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Protégé / OWL / Metaclasses

» Protégé classes and properties are instances of metaclasses
« Metaclasses thus defines the characteristics of other classes
« Traditional object-oriented systems have a similar structure:

M3 Layer
Meta-Metamodel

[ 1

Meta Object

Faciity (MOF)

Class

Attribute

—
name

te—|

name
type

{has-instance
H

1

1]

Class Attribute
M2 Layer LML Java neme [ 7| rname <{--
Metamode| package [ tvpe
MWetamodel Metamodel ahstract indexed
Symptom
] ] name €]--
de scription
M1 Layer UML Class Java H -
el Diagrams Classes ! evence o 70
g ______ name
cure
H
v ¥
1 1 rash: Symptom
name = "Rash" name = "Measles"
MO Layer UmaL Java description = "After cure = Antipyretics
Information approx. 3 days, a
Objects Instances e Hlodchy radh
starts on the face”

Protégé provides its own metamodel as a Protégé ontology
The metamodel can be extended by plugins and by users

Protégé OWL Plugin
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EEX

Project Edit Window OWL Help
o=@ =]« =& [=]H [ARE] @)
(C]]) OWM Classes T
Relatiunship|5uperclass - || V" C || Q" )(_| @ Class-with-Author _ (type=owlk:Class) [c[+[=[T]F]
[T THING {| ('Name | Labels | Sameas | DifferentFrom | Annotations ’?”T”T
@ (Chowl:ClassD - p [ wal
(€) Class-with-Author [Class-wit-Author | ropeny —
© GG Documentation
Properties | Template Slots m’?”;"T”T
Mame | Type | Cardinality | Other Facets |
uthor String single —
OWL-DISJOINT-CLASSES Instance multiple classes={.CWL-CLASS}
DIRECT-INSTAMCES ¢ Instance multiple claszes={ THING}
DIRECT-SUPERCLASSESD T Instance multiple claszses={ OWL-CLASS} E
| I [EAEETETENEN e
: Propery Restriction Filler
.................................................................................................................................. o8 |
[ c | Superclasses | V" {04 || + ||| - "
T owl:ClagssD
[ =] Equivalent classes | V" C " + || | = " | [~ ]pisjoint classes | V" c " +| |=+| - " x
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Protégé /| OWL / Metaclasses / Creating Classes

¥ enew> Protégé 2.0 beta

Project Edit Window OWL Help

CE&

L]la@l (=]~ [=[® =]z [AlR]E] @)

(CJl) OV Classes

Relationship | Superclass

B T F]

v" V|| C” Q||><| §§©:TH|NG {type=:STANDARD-CLASS)

Documentation

[T THIp B L7 Name
Create subclass :
?0 i |.THING
% ¥ Delete selected class Role

Change metaclass...

| Abstract A

Change metaclass of subclasses

¥ Select Concrete Cls

[ c | Superclasses | V" cC || + " | = " x

Hide class Template Slotsll [T CLASE
: @ () STANDARD-CLASS
e | [S] ame @ (O .OWL-CLASS
colapse {13500 MENE | @ (D) OWL-ANONYMOUS-CLASS
5] 0w s pE § (0 owlClassD
| [S]:0miL-5EE-4 (B Clags-with-Authar
| [8]:0wL-vERS
| [8]:0wL-DIFFE
| [5]:0vL-58mE

|

" 0K

|| ¥ Cancel |

[ c] +] -]

Other Facets

=1 THIMNG}
=1 THIMNG}
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- znew> Protégé 2.0 bata |:||E|r5__<|

Project Edit Window OWL Help
o]s@] (=]~ [=[® [z[x [A[R]E] @)
(C]]) OWM Classes | EE| i
Relatiunship|5uperclass v|| V" C" Q||>(_| @ MyClass _(type=Class-with-Author) [c[+[=[T]F]
[T THING | [ Name | Labels | Sameas | Differentfrom | Annotations ’?”T”T
f ©D@“5|g|l:ssss-?vith+\uthor MyClass | Fropey | alue
% Eﬂv;érarss Gl Documentation
| [ Rostrctons EE S = E-=|ES
Property [ Restriction [ Filler
Class form
______________________________________________________________________________________________________________________________ 8 includes
sunerc'asses Ve[S I | (= Jewmemensses V€[ +]|  properties of Lv]e] + & -]
THING :
% metaclass
: o/
| Author
Hans |
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Protégé /| OWL / Metaclasses / Usage

« Use of metaclasses means your ontology is in OWL Full
— Limited reasoning support due to intractability

« Alternative: Annotation properties
— Can be assigned to any ontology resource
— Free choice of properties at any time

« But...
— Metaclasses add widgets to the class editing form
— Make explicit which values should be entered
— Guide the knowledge-acquisition process
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(CJi OWLClasses

I [¥] Display hidden classes I

|_] Display abstract class icon
[_] Display multi-parent class icon

Relationship | Superclass

M EIEIESY

T THING
® (0 :5vsTEM-cLASSH
@ (C)META-CLASS
¢ (@ .cLass
& (C) BTANDARD-CLASS
@ (0 :0WL-CLASS
9 (C) . OWL-ANONYMOUS-CLASS
() OWL-ENUMERATION-CLASS
@ (O 0WL-RESTRICTION
() 0WL-ALL-RESTRICTION
(T :0WL-HAS-RESTRICTION
® (T OWL-MAKCARD-RESTRICTION
& (T OWL-MINGARD-RESTRICTION
(T :OWL-SOME-RESTRICTION
% (0 0WLLOGICAL-CLASS
(T :0WL-COMPLEMENT-CLASS
(T OWL-INTERSECTION-CLASS
(2 OWL-UNION-CLASS

| [ Hame |
ol :Prop

Docurmer)

[+ Allow knowledge-base changes
[~ Update modification slots and facets
[+ Show Welcome Dialog on Start-up

[_] Display confirmation dialog on remove

-]
||
| | ¥ Cancel | J

(OWL-AMMOTATION-PROPERTY  Boolean  single
(OWL-DOMAIN-DEFIMED Boolean  single

| ~ 0K
Properties |
Properties / Template Slots MIC| = + IT
Marme | Type | Cardinality | Other Facets |
TOWL-EQUINALERMT-SLOTS Instance  multiple classes={owl.Property} —

(OWLAINVERSE-FUNCTIONAL

Boolean
Syrnbol

single
single

5]
S OWWL-SLOT-SOME

allowee d-values={Boolean Float. .|
(© owl ClassD 5] 0WiL-SLOT-SOME-CLASSES Instance  multiple classes={0WL-CLASS)
& (CrsLoT OWL-SYMMETRIC Boolean  single
@ (C) :STANDARD-SLOT - OWL-TRANSITIVE Boolean  single
(Z) owl:PropertyD = DOCUMENTATION Sting  multiple =
F (T AT O AT S OO L T Lt sl OO T x

T | V" - " - ||| = " x.. [ = | Equivalent CIaSSI4 V" [ 04 " + ||| - || | [ - |Disjoint classes | V" Cc || +| E| - " x

(T THING

(Tl STANDARD-SLOT
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Protégé / OWL / API

« OWL is arelatively new language
* Few tools and libraries exist to parse and manipulate OWL files

« Jena API (HP Labs, Bristol)

— RDF parser library

— Focus on RDF syntax trees

Large user community

— Insufficient event support
« OWL API (Manchester, Karlsruhe)

— Pure OWL API

— Focus on OWL Abstract syntax

— Very new
* Protégé/OWL API

— Optimized for component development for Protégé
— Uses Jena API and OWL API for special services
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Protégé / OWL / APl / Class Overview

File Edit View Favorites

odel Class Hierarchy - Microsoft Internet Explorer

Tools  Help

eﬁack < J \ﬂ @ ;j /.:\J Search ‘-;t(Favorites G‘Med\a &3 [

i B -3

CardinaifyRestriction
ComplementCis
EnumeraiionGls

SimpleOwW instance
SomeRestriciion
UnionCls

|

Address €] Criprojectsiowldocs|index.htri v Beo ks
Google - | v Bossachwes - g3 Ehes blacked ] | [ options
-~

All Classes Interface Hierarchy

AlDifferentinstance <

AliRestriction . .

ARDRYmMOUSCIS o interface javalang Comparable

CardiRestricfion o wterface edu stanford smiprotege.model Frame (also extends java.io. Senalizable)

o mterface edu stanford st protege model Instance
o interface edu.stanford. smi protege model Cls
o interface edu. stanford. smi protegex owlmodel OWLCls (also extends

%m edu.stanford. smi protegex owlmodel OWWLInstance)

Lapel o interface edu stanford smi protegex owl model AnonyimousCls =
LocalCls o terface edu stanford. sm protegez owlmodel LoealCls

LogicalCls -, o interface edu. stanford. smi protegez owlmodel LogicalCls

% o interface edu. stanford smi protegez owl model ComplementCls

Namedols o interface edu. stanford smi protegex. owl model IntersectionCls
NamedEnumeration o interface edu stanford smi protegex owl model UnionCls

oW o interface edu. stanford. smi protegez owlmodel Restriction

WL Clses o interface edu. stanford smi protegez. owl model CardmalitvRestriction
% o interface edu stanford. smi protegex. owl model CardiRestriction
OWicls o interface edu stanford smi protegex. owl model M ardiRestiction
CMWLinstance o mterface edu stanford s proteges owl model MinCardiRestriction
OWi KnowledgeBase o interface edu. stanford smi protegez. owl.model HasRestiiction

Ol Meta o interface edu stanford smi protegex. owl model QuantifierResty

OWL 3ot o interface edu stanford. smi protegex. owl model AllR estiiction
O—QJ;MJON o interface edu stanford. smi protegex. owl model SomeRestriction
Restriction o interface edu stanford smi protegex owl model EnumerationCls

o interface edu. stanford. smi protegez owlmodel NamedFEmmmeration (also extends
edu. stanford. smi protegex. owl model MamedCls)
o interface edu. stanford. smi protegex. owl model NamedCls
o iterface edu. stanford. simi proteges owlmodel NamedEnumeration (also extends
edu stanford smm protegex. owl model EnumerationCls)
o interface edu.stanford. smi protegex owl model OWLInstance
o interface edu. stanford. smi protegex owl model AllDifferentInstance
o intetface edu. stanford. sl proteges. owl model OWLCls (also extends

£

&

5; My Computer
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Protégé / OWL / API

File Edt Search Wiew Goto

:\projecis\protege-owl\src\edulstanfor dismilprotegextowl\mode N\OWLCls. java

Corde Refactor

Buld Clover

ntelliJ IDEA 3.0.5

Run Took Options Window Help

FES v |%bE(AA S

i [T ATests v | o

B —— | &

@

LogicalCls
MaxCardiRestriction
MinCardiRestriction
Namedcls
NamedEnumeration
OntologyInstance

oML + gparam cls the OWLC1s to add 2s equivalent class
OWLCls L =

& OWLinstance void addEquivalentClass(OULCls cls);

OWLKnowledgeBase

woid addlisjointClass (0WLCls cls):

B e
# Adds 2 given class to the list of emuivalent classes of this.
# This will establish a bidirectional superclass relationship between the two classes.

i Project - edu.stanford.smi.protegex.owl.model.OWLCls [@ Elnul 1] SomeRestriction pdaterTestCase. ava I OWLCls java _
S [ ;A |sourcepath « H T &
e | model [Fimport §
. 5 ] Framestore E
E =1 impl B+ &
% & AllDifferentinstance * The base interface of the OWL cl#sses used by the OWL Plugin. A11 user—-defined fh;»‘i
& AllRestriction * classes will be some instance of this interface. El
@ & Anonymouscls B g
5 CardinalityRestriction + Gauthor Holger Kuublauck <holgerdsai.stanford.sdus
) & CardiRestriction L #~
=y ComplementCls public interface OWLCls extends Clz, OWLInstance {

& EnumerationCls

HasRestriction 5 =

2 i:r;emmas £ 2ads 2 class to the list of disjoint classes of this.

< gparam cls the disjoint class to add

Localcls | o

-]

)

)

)

1 owlds.java
B L T OWwlds

- Bl B »

=S

# Deletes 211 depending amonymous classes.
# This method should be called before this is deleted from the KnowledgeBase.

=

@ B addDisjointClass(OWLCls):void b

@ B addEquivalentClass(OWLCIS):void EC e leLeDEp End LugCLSESIilE

@ @ deleteDependingClses() void

i & delstsDependingClses(Frams):void s e

@ T getDisjointClasses(): Collection # Deletes 211 depending enonymous classes, iff they contain a nested referemce to
& getEquivalentclasses():Collsction .

@ @ gethamedDirectSuperclasses():Collection + pparam frame the Frame to look up
0 h gethlestedBrowser Text():String L ar

@  hasEquivalentClass(Ovwl ds) boalzan void delereDependingClses(Frame frame);
0 % hasNestedFrame(Frame):boolean

@ isAnonymous()boolean

@ @ removeDisjointClass(OWLCs):void =] sEt

i E removeEquivalsntClass(Cls) void ;

‘i Cvs  6: TODO

[ || 3125

[ ][ 1nsert

|| Popup Hints: on || 45m of 6BM [T
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Protégé / OWL / APl / Writing Applications

OWLKnowledgeBase okb =

NamedCls personCls = okb.createNamedCls ("Person");
NamedCls aCls = okb.createNamedCls ("HappyPerson");
NamedCls bCls = okb.createNamedCls ("OtherPerson") ;
aCls.addDirectSuperclass (personCls) ;
bCls.addDirectSuperclass (personCls) ;

OWLSlot slot = okb.createOWLSlot ("children");
slot.setValueType (ValueType.INSTANCE) ;
slot.setAllowedClses (Collections.singleton (personCls)) ;
personCls.addDirectTemplateSlot (slot);

SomeRestriction aRestriction =
okb.createSomeRestriction(slot, aCls);
personCls.addDirectSuperclass (aRestriction);
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Protégé / OWL / API / Plugins

* Protégeé is an open platform that allows extensions (plugins)
— Storage Plugins: Load and save ontologies in various formats
— Tab Plugins: Provide a top-level user interface component
— Slot Widgets: Customized components for editing property values

* Developing plugins is really simple!

- wine-classified Protégé 2.0 beta (file:/Cilprojects/owliwine-classified. ppr, OWL files)

bise - | ®8 [F5 ARE @
|([C]i0WIClasses | [SI]]Properties [ T Forms [ 22 Individuals (G2 ontoloy ™

| | = |Equivalent classes '/ | C| + = *
V[ @MealCuurse n (% hasFood Seafood)

v[+]x

v[+]x

A Slot Widget Plugin

A Tab Plugin (“Ontology”)
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Protégé /| OWL / Graph Widget

The GraphWidget can be used to edit instance properties visually

E8 san Jose Mercury News  [type=Organization, name=instance_00064) |;||§\[1_(|

Name

|San Jose Mercurny hews

Employoes Lv]c] +] -Ix]&]<
C.st : =
. Tim
o '
Salesperson
directs directs directs
Manager
Director Joe Jane Mary
2 L] L] L]
manages manages manages manages
responsm\e for I’ESpDnSIblE 1resp0n5|ble for
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Protégé /| OWL / APl / Plugins / Installation

* Many Plugins can be

G Configure file:/C:/projectsfowliwine-classified. pprj

downloaded from Protégé web
site . B
» They usually consist of one or sl ____ Tah Wiget
more .jar files 5 oo
¥l ProperiesTab
* Copy these .jar files into the g romeTah
plugins folder of your Protégé e .
installation 0 koot
¥  OntolomyTab
« Tab plugins usually have to be 5 eomse
activated before you see them
(Project/Configure...)
v ok || X cancel
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Protégé / OWL / Plugins / ezOWL (1)
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[Omtalogy Disgram ; 1007%] [ #0sses; 12] [#5iots:

&
wiewFinder S <<Display Slot not set for Mis clagess
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I

fig

Protégé OWL Plugin

Stanford Medical Informatics

Slide 95

Protégé / OWL / Plugins / ezOWL (2)

Project Edil Window OWA Wl

Bi=igl ol [Bm [ (alR(E @

@EEIEI_HIBM [5/8) [g]w- \-lel@@ &=

!//.t [Critology Dragram : 100% ] [ #CIasses: 16] [#Siots:9]
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e
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e e ]
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8] e \
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Protégé / OWL / Plugins / Query Tab

- newspaper. Protégé 2.0 beta  (file:/C:/javalprotege-E3/examples/newspaper/newspaper. pprj, Standard Text Files) |Z||E|rg|
Project Edit Window Help

ol=la@ ol [Bn =] [A]R]

[ G CEIl CE [ 55 4 Queries |

~Query Search Results (1) W“;
Class |ﬂ| j| j Slot |ﬂ| j| j Integer @ Cousteau Heads for Drydock {Article)
() Article [S]page_number | is less than - | |SD |

Class EEB Slot EEB Boolean :

(C) Article [S]urgent | is - | | true - |

Class NERE [v]+] -] [v]+]-[e])

() Article [S] author | contains - | () People with salary greater...

| More I Fewer I Clear ® Match Ml T Match Any Find

Query Hame i
|Ar1ic|es whose authors are highly paid and articles are urgent with less than 50 pages || O Add to Query Library |

Query Library | A " O" X
@ People with salary greater than 100,000 5?
@ Articles whose authors are highly paid

@ Articles whose authors are highly paid and articles are urgent with less than 50 pages

|4
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Protégé / OWL / Limitations and Future Work

Major limitation: Only one namespace per project
— Import currently not supported

— Will become available with Protége 2.1

« Very few OWL Language features are missing

— Enumerated datatypes

« A-Box Reasoning: Given the following properties, to what classes does
this individual belong

« Alternative syntaxes (e.g. “OWL for Dummies” formats)
« Database backend and Multi-User support are almost finished
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Protégé / OWL / Summary

« Protégé has a long history of success in ontology development
* Protégé has an open, extensible platform for tools and applications
» The large user community ensures support and future evolution

« The OWL Plugin is an extension of Protégé with editors, storage
mechanisms, and access to reasoners

— Integrated in the look-and-feel of Protégé
— Providing optimized editing support for OWL specific language elements

« Third-party extensions exist (e.g. for visual editing)
« Many people are already using Protégé/OWL

— Get involved and contribute your ontologies and plugins!
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Protégé / OWL / More Information

» Protégé web site: http://protege.stanford.edu
«  OWL Plugin: http://Iprotege.stanford.edu/plugins/owl
« Getting help: protege-discussion list  prrr—————— EEm

Fle Edt Yien Favorkes Tooks Help &
Q- Q KA ) search 517 Fovortes @M teda &) - & -3
Airess @] anford edujmai_srd bt VB ks
3 The Protégé Ontology Editor and Knowledge Acquisition System - Microsoft Internet Explorer Googe-| U G seachwes - | @ | G rsbeded O ostins -
e Edt Vew Favoites Tools Help o -
Qe - O [¥] [B] @ | Lsowen Frrowris @rede @) 3~ B - ) 3B Protégé-discussion Archive (threaded)
ckress | €] bttp:fprotege starford.eduiindex.himl _ v|Bee s > DI
Google - v| @ seachweb ~ ) | 75 blocked 1 [ options M Last updated: Fri Oct 03 00:12:50 2003
Home Documentation Download Plugins Ontologies. Publications ~ Community ~ About us A 5802 messages
o Date Index

Welcome to the Protégé Project

[Prev Page][Mext Page]

Protégé-2000

=

what is it?

« [protege-diseussion] changing a class's metaclass through the AP, Alezander Fu
o [protege-discussion] Re: changing a class’s metaclass through the APT, Holger Knublauch on Thu, 02
Oct 2003 18:13,08 %z (DT
A cAE « [protege-diseussion] Firor: istent slot: :DIRECT-DOMAIN, Zen Habloko
o ¢ o o o [protege-discussion] Re: Frror: istent slot: : DIRECT-DOMAIN, Halger Knubiausk on Thu, 02
| Oct 2003 17:14:01 %z BDT)
®

How do I get it?

QOGNS |
.
L
K

How do 1 use it?

- oy [ » [protege-discussion] Re: Firor: istent slot: :-DIRECT-DOMAIN, Zen Yablako on Thu, 02
® Oct 2003 19:22:25 %z (PDT)
fHawldoliparticinatad - b ® £ o [protege-discussion] JSave Protege-2000 Plugn Bug?, Christapher R Mamorella
P
- Protégé-2000 is an ontology editor and a * [protege-diseussion] Problems with owl.y Mike Dewar
. knowledge-base editor. © [protege-discussion] Re: Problems with owl:i Holger on Thu, 02 Oct 2003 09:36:13
?f«r@ How do 1 extend it? %z (PDT)
o Protégé-2000 is also an open-source, o [no subject], Erksows
2k “:]‘?l' ‘I':‘lat F'rf“‘"td'fs an E;‘E"Ef'h'e « [protege-discussion] DataGenie, Steve Wagstal
“E’u“ﬂ'niiz”g"j kf";mz;;?h'gs"g‘; g ———— o [protege-discussion] Re: Central issues in Ontology desien, Alessandro Oléramari
applications. g Y o [protege- discussion| Protege Usability Stdy, Steves Nalson/UlFacus
Registared Users 11241 o [protege-discussion] Protege 1.9 = Protege 2.0 (83) / Focus problem., Sébastion BRACHAZS on Tha,
Protégé-2000 now provides beta level users list members 5712 02 Oct 2003 00:57.40 %z (PDT)
support for editing Semantic Web discussion list members 1643 « [protege-diseussion] Computed slot value, Sawsson Tu
ontologies in OWL. discussion list messages 5383 o [protege-discussion] Re: Computed slot value, Pax! Libbrochs on Thu, 02 Oct 2003 00:10:45 %z (PDT)
Mo 15 vt 8, 2008 Plug-ins o « [protege discussion] Re: Computed slot value, Sarson T on Thy, 02 Oct 2003 12.27:08 %z
elease 1.9 August 8,
Beta 2.0 September 18, 2003 Updated Octaber 2, 2003 @®DT)

o [protege-discussion] Central issues in Ontology design, Mark Mailhot
< [protege-discussion] Re: Central issues in Ontology desien, [sn Yablzkae on Wed, 01 Oct 2003

12:23:58 %z PDT)

Protégé is a nat ce for biemadical antalogies and knouledae bases su .
e e J o [pr | Re: C 1 \, Chia Chang
Copyright @ 2003 Stanford Medical Informatics o~ » [proteze-disenssion] Protege 2.0 beta, Stever Handersan g
&] Done. & Intermet & D Irtermet
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