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Advanced Reasoning With OWL

Kaustubh Supekar, Olivier Dameron

SMI - Stanford University

Credits:

Matthew Horridge, Holger Knublauch et al.
A Practical guide to building OWL ontologies using the
Protégé-OWL plugin and CO-ODE tools

Natasha Noy, Alan Rector
W3C “Semantic Web Best Practice” Working Group

Warning:

 This file is a lightweight version of its pdf
counterpart, that contains additional screenshots
before and after each step. Please use the pdf
file if you want to go through this tutorial on your
own.

* This tutorial covers (far) more than we would
have time to do during the allocated timeslot. It is
intended to do so, as it is easier to adjust to the
audience needs during the "live" session, while
providing a comprehensive and autonomous set
of information.
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Reasoning : how to

* Run the reasoner as a separate process
How to call a remote reasoner ?
«  Configure Protégé (if you have a weird config.)

*  Use the “classify” button

Classes
Instances

RacerPro
http:/ /www.racer-systems.com/ index.html

Outline

OWL semantics
Reasoning
Good practice
Tips and tricks
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OWL Semantics
(the theoretical part)

Individuals

Atoms

Unique Name Assumption
Not in OWL
in Protégeé
in reasoners (Racer...)
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Properties

L

(8

Su
Ch

L

L

Binary relationships on individuals

~ Slots

Domain, Range
- Used as axioms (e.g. hasTopping and ice creams)

bproperties
aracteristics

Transitive: e.g. hasPart, hasAncestor...
Functional: e.g. hasSSN, hasMother...
Symmetric: e.g. isSiblingOf...

RdpizzaTutorial Protégé 3.0 beta (filezihome/dameron/projects/oniology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf))

File Edit Project OWL

Code Window Help

Ded B0 wa ¢ BEE »5 B BE 4» <€pmrégé
|| D o crasses [ [BIl Properties [ = Forms | L) Individuals | @2) Metadata |
For Project: @ pizzaTutorial for Property [0 has_topping  (instance of owl:ObjectProperty)
(B[ Properies O [Of % of [of R | [ Name " Equivalents | Sameas | DifferentFrom | [ et [ (st @& W
v [0 has_part [has_topping @ Property Value [ Lang
¥ [O] has_direct_part
v [0 has_ingredient rdfs:commen n ®

[O] has_topping

[O] has_base

Super properties

[0] has_ingredient

Dor £ & range u U@ M
[EiPiz [C) Pizza_topping [ Functional
[] InverseFunctional
[[] symmetric
[] Transitive
inverse i jg |\
ELE
& [EL
& B
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Classes

Sets of individuals

= Special classes:
@ top (T) = owl:Thing i.e. set of all the individuals
= bottom (L) = empty set
» Can be combined using set operators
= subset (subsumption)
@ disjoint sets
@ union
@ intersection
¢ complement

Classes: Disjointness

B

By default, any individual MAY be an instance
of any classes => partial overlap of classes is
assumed
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Classes: subsumption
T
A
B
ALC B : all the instances of A
are instances of B
Classes: subsumption
T
A
B
It is necessary to be a B in order to be a A
It is sufficient to be a A in order to be a B

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited



18 July 2005 Protégé Conference Page 7

Classes

Cumulative approach: combine classes
using set operators (union, intersection, complt)
express constraints
define complex concepts

Intensional approach: describe the
characteristics of a class and the system will
automatically:

recognize that an individual is an instance of it

recognize that it is a subclass or a superclass of
another class

Combining
Concepts
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Prerequisite

Pizza
Vegetarian_pizza
Spicy_pizza
Named Pizza ..o .

Margherita_pizza

Americana_pizza DISJOINTS
Jalapeno_pizza :

Don't worry about the toppings, this is the next
step!

AND (Intersection)

Create SpicyAndVegetarian_pizza as a
subclass of Pizza

Add the necessary condition:
Vegetarian_pizza M Spicy pizza

Classify

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited
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Protégé 3.0 beta (file;thome/dameron/projectsjontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf))

Eile  Edit Project QWL Code Window Help
FEE $H B BE a» <@ protégeé

DeE BB wd &%
|| ownciasses | [EI Properties | = Forms |5 Individuals | @2) Metadata |
<] 04 ar @ B: =R T
For Class: (C) SpicyAndVegetarianPizza  (instance of owl:Class)

For Project @ pizzaTutorial

For Project: @ pizzaTutorial
Eue El & @ . g = 2
Asserted Hierarchy W M A SY |Inferred Hierarchy H R Name | SameAs | DiffersmFrom () Annotations G
- BE
owiThing [=] [ owThing [SpicyAndVegetarianPizza @ Froperty Value
¥ (C)Domain_Entity ¥ (C)Domain_Entity
¥ (C) Self_Standing_Entity ¥ (C) Self_Standing_Entity O ®
¥ (CiPizza ¥ (DPizza
v (C) Named_pizza » (C) Mamed_pizza
(E) Margherita_pizza v (S Spicy_pizza
(T} Americana_pizza () SpicyAndVegetarianPizza
(C) Vegetarian_pizza ¥ (S Vegetarian_pizza
@ Spicy_pizza @SnicyAnaVege(amanPizza
C)Pizza_base
(C) SpicyAndVegetarianPizza (G Aeered lirTeved Tl
¥ (©)Pizza_base - () Pizza_topping | Eﬂ]nopm o &1 |
T 0] has_base e
(E) Deep_pan Asserted Conditions dF g 3 @ rivam.o
izza_base
@Thm_and_[nspy HECESSARY & SUFFICIENT v @has +toppin mu
¥ (C)Pizza_topping ] @;iz:it: N
¥ (C) Cheese_topping g {C) Pizza pping
{ Vegetarian_pizza 1 Spicy_pizza

(C)Mozzarella_topping

(C)Parmesan_topping
¥ (C)Fish_topping

(C) Anchowy_topping

() Tuna_topping

{3 3 has_base Pizza_base
¥3) 3 has_topping Fizza_topping

¥ (C)Meat_topping
@Pepperom,{opping
(3B) Disioims I §&)

(C) Spicy_beef_topping
(C)salami_topping
(C)Ham_topping

¥ (C) Vegetable_topping
() Onion_topping
() Tomato_topping
(C) Clive_topping =

[v]

AND (Intersection)

A ANB B

Ex: VegetarianPizzan SpicyPizza

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited
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OR (Union)

. Create SpicyOrVegetarian_pizza as a
subclass of Pizza

. Add the necessary condition:
Vegetarian_pizza U Spicy_pizza

. Classify :-(

RdpizzaTutorial Protégé 3.0 beta (filezihome/dameron/projects/oniology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf))

File Edit Project OWL Code Window Help
Ded B0 wmea ¢ DEE »5 B BE a» @proségé

||| D owncrasses [ [EI Properies | = Forms | L Individuals | @2) Metadata |
<5 O CHESRERTS
For Project: @ pizzaTutorial For Class: (C) SpicyOrVegetarianFizza  (instance of owl.Class)

Asserted Hierarchy Qéi %’ H f’
[ owt:Thing
¥ (C)Domain_Entity
¥ (£ Sell_Standing_Entity rdfs:comment gl
¥ (C)Pizza
¥ (C)Named_pizza
(C) Margherita_pizza
(C) Americana_pizza
(C) Vegetarian_pizza
(C) Spicy_pizza
(C) SpicyAndVegetarianPizza

(C) SpicyOrvegetarianPizza Asserted [ Inferred | [PI]] Properties @i @ E‘ [EL @j x
¥ (C)Fizza_base Aeserted Conditions @ @ '@ || [O]has_base (single Fizza_base)
(L) Deep_pan () Pizza_base [from Fizza)
(£ Thin_and_crispy | HECEARr s ;”EF;E';';E v [O)has_topping  (multiple Pizza t
v @Pizzt{opping # @P\zza E @Pizzi{opping
¥ (C) Cheese_topping L) Vegetarian_pizza U Spicy_pizza
(C) Mozzarella_topping INHERITED
() Parmesan_topping {33 has_base Pizza_base [The union of [from Pizza][ € |
¥ (D) Fish_topping {3) 3 has_topping Fizza_topping - vegetarian pizza  [from Fizzal[ £ |
() Anchovy_topping — spicy pizza
(C) Tuna_topping
¥ (C)Meat_topping
(C) Pepperoni_topping .
(] Spicy_beef_topping (=1 Disjoints O 45 §° 2
(C) Salami_topping
() Ham_topping
¥ (C)Vegetable_topping
() Onion_topping
() Tomato_topping
(C) Olive_topping —

Mame |" SameAs | DifferentFrom | [ et Fi \Ef#@ =

[spicyorvegetarianpizza | @ Property Valug [ Lang

nEE
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Protégé 3.0 beta (file;thome/dameron/projectsjontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf))

For Project: @ pizzaTutorial

Asserted Hierarchy s

For Project @ pizzaTutorial

Inferred Hierarchy

¥
For Class: () SpicyOrVegetarianPizza

Mame | SameAs [ DifferentFrom |

IZ) owd: Thing
¥ (C) Domain_Entity
¥ () Self_Standing_Entity
¥ (C)Pizza
¥ (C)Named_pizza
(C) Margherita_pizza
(C)Americana_pizza
(C) Vegetarian_pizza
() Spicy_pizza
() SpicyAndVegetarianPizza
@SpicyONegelarianPizza
v (C)Fizza_base
(C)Deep_pan
(C) Thin_and_crispy
¥ (C)Pizza_topping
¥ (C)Cheese_topping
(C) Mozzarella_topping
(C) Parmesan_topping
¥ (C)Fish_topping
(C) Anchovy_topping
(C) Tuna_topping
¥ (C)Meat_topping
() Pepperoni_topping
(C) Spicy_beef_topping
(C) salami_topping
(C)Ham_topping
¥ (C)Vegetable_topping
(C) Onion_topping
(C) Tomato_topping

4

LC) owl:Thing
¥ (C)Domain_Entity
¥ (C) Self_Standing_Entity
¥ () Pizza

T) Spicy_pizza
() SpicyAndVegetarianPizza
(C) SpicyOrvegetarianPizza

¥ (C)Vegetarian_pizza

(C) SpicyAndVegetarianPizza,

» (C)Pizzal]

» (C)Pizza_topping

Eile  Edit Project QWL Code Window Help
Ded B0 wa ¢ AEE $5 B BE <> <éprotégé
|| ownciasses | [EI Properties | = Forms |5 Individuals | @2) Metadata |
a° md Va4 TSI

instance of owi:Class)

[J Annotations

[spieyorvegetarianpizza

Property

|G

rdfs:comment

)

Asserted || Inferred |

Asserted Conditions

[FI] Pron @T @

L Vegetarian_pizza L Spicy_pizza

|3} 3 has_base Me
@ 3 has_topping Pizza_topping

\gj@@n ng;base-
izza_ba

& SUFFICIENT
v [O] has_topping

~> (3 Pizza_tey

o Tz
[from Piz

ST
(=) Disjoints &

[v]

A

AUB

B

Ex: VegetarianPizza u SpicyPizza

Stanford Medical Informatics, Stanford CA
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OR (Union)

— \,/\\

SpicyOrVegetarianPizza

—~ %

A AUB B

Ex: VegetarianPizza u SpicyPizza

OR (Union)

. Now, use a definition for
SpicyOrVegetarian_pizza
(tip: right-click is your friend)

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited
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RilpizzaTutorial Protégé 3.0 beta (file;/home/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf))

Eile  Edit Project QWL Code Window Help

Del B0 wa % APE 95 5 BE <» <éprotégé
|| ownciasses | [EI Properties | = Forms |5 Individuals | @2) Metadata |

<] 04 [mE=] ﬂ: =R T
For Froject: @ pizzaTutorial For Project @ pizzaTutorial For Class: (C) SpicyOrVegetarianfizza  (instance of owl.Class)
o S LIS W A SR | inferred Hierarchy AR Name | “SameAs | DifferentFrom | [ Annotations
KE) owd Thing [«] =) owi.Thing [spieyorvegetarianPizza [+ Froperty
¥ (C) Domain_Entity ¥ (C)Domain_Entity

¥ (£ Self_Standing_Entity ¥ () self_Standing. Entity rdfszcomment )
¥ (C)Pizza

¥ (C)Pizza
¥ (C)Named_pizza
(C) Margherita_pizza
(C)Americana_pizza
(C) Vegetarian_pizza
() Spicy_pizza

p (C)Named_pizza
¥ (C) SpicyOrvegetarianFizza
¥ (C)Spicy_pizza
(C) SpicyAndVegetarianPizza
¥ (C)Vegetarian_pizza

(C) SpicyAndVegetarianPizza (E) SpicyAndVegetarianfizza eserea TR Bil
(C) SpicyOrvegetarianfizza b (C)Pizza_base — [EI] Prop

¥ (D)Fizza_base » (©)Pizzatopping Asserted Conditions [CRGF= I @hasff’ase

(E)Deep_pan HECESSARY & SUFFICIENT D paza,

(E) Thin_and_crispy | L) Vegetarian_pizza L Spicy_pizza v @hﬂs—‘_"ﬂp

¥ (C)Pizza_topping [ —— (3 Pizza_

¥ (C)Cheese_topping {C)Pizza

INHERITED
g:;:;r::::::;;g [EF] has_base Fizza_base Ifrom Pizzal[ €]
@ 3 has_topping Pizza_topping [from Pl:::\]E

¥ (C)Fish_topping
(C) Anchovy_topping
(C) Tuna_topping [] E

v @Meat,(oppmg —
() Pepperoni_topping (=J) Disjoints
(C) Spicy_beef_topping
(C) salami_topping
(C)Ham_topping

¥ (C)Vegetable_topping
(C) Onion_topping
(C) Tomato_topping —

] i [»] 4] [

Examples

Declare Margherita_pizza to be a
Vegetarian_pizza

Declare Americana_pizza to be a Spicy pizza

Declare Jalapeno_pizza to be both Spicy pizza
and Vegetarian_pizza

Classify
-)

why isn't Jalapeno_pizza classified as expected ?

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited
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Eile OWL Code

Dedm «B®G

Edit  Project

[T %]

Window  Help

Y HEE $ M

Protégé 3.0 beta (file;/home/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL

EE e

<€pm tégé

[ (1) owLClasses | [F]]] Properties | = Forms | D Individuals | @2} Metadata |

For Project: @ pizzaTutorial-init

o 18

Asserted Hierarchy

@owI Thing
¥ () Domain_Entity

¥ (L) Self_Standing_Entity
¥ (C)Pizza
¥ (C)Named_pizza
(C) Margherita_pizza
(C)americana_pizza
(C)Jalapeno_pizza
B (C) Vegetarian_pizza
¥ (C)Spicy_pizza
(C)americana_pizza
{CiJalapeno_pizza
(C) SpicyAndVegetarian_pizza
() SpicyAndVegetarian_pizza
() SpicyOrvegetarian_pizza
v (C)Pizza_base
(C) Deep_pan
(C) Thin_and_crispy
¥ (C)Pizza_topping
b (C) Cheese_topping
» (C)Fish_topping
» (C)Meat_topping
p (C)Vegetable_topping

b (C)Pizza_base
» (C)Pizza_topping

{3} 3 has_base Pizza_base
{33 has_topping Fizza_topping

<5 04 O o Do BT
For Project 4 pizzaTutorial For Class: @Jalapenu_p\zza (instance of owl:Class)
M B & |infered Hierarchy R Name [ SameAs | DifferentFrom | [} Annotations
C
OUM'Thmg ‘Jalapeno,p\zza |U Property
¥ (C)Domain_Entity
¥ () selt_Standing. Entiry rdfszcomment @)
¥ (C)Pizza
¥ (C)Mamed_pizza
(C)Americana_pizza
(C)Jalapeno_pizza
(C) Margherita_pizza
¥ (C) SpicyOrvegetarian_pizza
¥ (5 Spicy_pizza .
© B)Ag Asserted | Inferred | (B[l Frop oj [
S j has_base
Jal:ipgnu’mna - - ) Asserted Conditions ur 5 .'D x @Pizzi
S SpicyAndvegetarian pizzy MECESSARY & SUFFICIENT Fn
¥ (G Vegeramremm izza_
(C)Jalapeno_pizza () Pizza_
(C) Margherita_pizza C) Spicy_pizza v [O]has_topp
(C) SpicyAndvegetarian_pizza < 1C) Vegetarian_pizza (3 Pizza
™ () Pizza_

(3 Pizza_

[T —
(1) Disjoins
C) Margherita_p

{C)Americana_p

Page 14

AND

(Intersection)

SpicyAndVegetarianPizz

\

A

AnB

B

Ex: VegetarianPizzan SpicyPizza

Stanford Medical Informatics, Stanford CA
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Protégé 3.0 beta (file;thome/dameron/projectsjontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf))
Eile  Edit Project QWL Code Window Help

Ded B0 wa % BAEE 9@ B BE <§pmrégé
|| ownciasses | [EI Properties | = Forms |5 Individuals | @2) Metadata |
sl a4 SIS
For Froject: @ pizzaTutorial For Project @ pizzaTutorial For Class: () Jalapeno_pizza  (instance of owl.Class)
Asserted Hierarchy s Inferred Hierarchy 4?3 /E. Mame | SameAs | DifferentFrom \ [) Annotations
= [DowTh .
¥ () Seff_Standing_Entiry [=] f2owThing [1alapeno_pizza |G Propery

¥ (C)Domain_Entity
— ¥ (C) Self_Standing_Entity
¥ () Pizza

p (C)Named_pizza

¥ (5) SpicyOrvegetarianPizza

¥ (C)Spicy_pizza
(L) Americana_pizza
¥ (C) SpicyAndVegetarianPizza
(C) Jalapeno_pizza

v (C)Pizza

¥ (C)Named_pizza
(C) Margherita_pizza
(C)Americana_pizza
(C)Jalapeno_pizza

¥ () Vegetarian_pizza
@SpicyAndVege(arianPizza
() Margherita_pizza

rdfs:comment e

C) Jalapeno_pizza
. @SQJ peno_p v (@ Vegerarian_pizza Asserted | Inferred | (BTl Fron
picy_pizza - s s
C) Margherita_pizza . 3 v [Qlhas
(C) SpicyAndVegetarianFizza (0 Marg P Asserted Conditions g @ @ x €]
& ¥ (D) SpicyAndvegetarianPizza
C) Americana_pizza HECESSARY & SUFFICIENT
(£))alapeno_pizza [
(C)Jalapeno_pizza HECESSARY =
! - p (C)Pizza_base |E) Named_pizza
(C) SpicyAndVegetarianPizza ! |
. A » (C)Pizza_topping | C) Spicy_pizza v [Qlhas
(C) SpicyOrvegetarianfizza | veqetarian_pizza =]
¥ (C)Pizza_base INHERITED i)l
(E)Deep_pan 53 has_base Pizza_base a
(C) Thin_and_crispy }3) 3 has_topping Fizza_topping
¥ (C)Pizza_topping
¥ (C)Cheese_topping ]

(C) Mozzarella_topping
(C) Parmesan_topping L (=3 Disjc
¥ (C)Fish_topping -
(C) Anchovy_topping
(C) Tuna_topping
¥ (C)Meat_topping
(C) Pepperoni_topping
(C) Spicy_beef_topping

[«

4

NEGATION (Complement)

A 1A

Ex: 1VegetarianPizza

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited
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NEGATION (Complement)

- Create Vegetarian_topping as a subclass of
Pizza_topping
- A Vegetarian topping is
- neither a meat topping, nor a fish topping
- a topping

pizzaTutorial Protégé 3.0 beta (file:thome/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

Stanford Medical Informatics, Stanford CA

\C) Pizza_topping
|2} ~Fish_topping
|2} =Meat_topping

OeE B2 wdg d% R $6 B BEE <§protégé
r@ OWLClasses “Em Froperties r/ = Forms r@»mdiuidua\s r/@ Metadata ‘
5 Od ablm: CEESNERTE
For Froject: @ pizzaTutorial-init For Froject @ pizzaTutorial For (Iass:@Vegetar\anTopping (instance of owl:Class)
Asserted Hierarchy W W B R [inferred Hierarchy £ 2 Wame | SameAs | DifferentFrom | [ Annatations
[S) owiThing ) 0wl Thing [vegetarianTopping [+ Property
¥ (C) Domain_Entity ¥ (C)Domain_Entity
¥ (©ser_Standing Enciy ¥ (& seir Standing Enuty rdfs:comment @
» (C)Pizza » (C)Pizza
¥ (C)Pizza_base » (C)Pizza_base
(C)Deep_pan ¥ (C)Pizza_topping
(C) Thin_and_crispy - (C) Cheese_topping
¥ (C)Pizza_topping » (C)Fish_topping
b (E) Cheese_topping > 8Meat_mnmng
Vegetable_topping
- (C)Fish_topping > C
< () vegetarianToppin Asserted |[[Inferred | [Pl Prop
p () Meat_topping g pring L
P (& Vegetable_topping Asserted Conditions [ERCFOR
(G e HECESSARY & SUFFIIENT
HECESSARY

Page 16
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NEGATION (Complement)

Create Vegetarian_topping as a subclass of
Pizza_topping

A Vegetarian topping is neither a meat topping,
nor a fish topping

Classify

Why do we have to provide a Necessary and
Sufficient definition ?

Page 17

pizzaTutorial Protégé 3.0 beta (file:thome/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

ﬁprotégé

Ol B0 wd ¢d% DB &0 EE <k

r@ OWLClasses “Em Froperties r/ = Forms r\@lndiuidua\s r/@ Metadata ‘

=0 Od q“m: EISRENTE
For Froject: @ pizzaTutorial-init For Froject @ pizzaTutorial For (Ian:@Vegetarian,topping (instance of owl:Class)
Asserted Hierarchy WE R B R rerred Hierarchy £ 2 Mame [ SameAs | Differentfrom | [] Annotations
) owd:Thi 5
L) owl Thing \CJ owt:Thing [vegetarian_topping |G Property
¥ (C) Domain_Entity ¥ (5} Domain_Entity
¥ () Self_Standing_Entity ¥ (E)self_Standing Entity rdfs:comment )
b (©Pizza b ([L)Pizza
¥ (C)Pizza_base b (D) Pizza_base
(E)Deep_pan ¥ (C)Pizza_topping
(C) Thin_and_crispy b (C) Fish_topping
¥ (5} Pizza_topping B () Meat_topping
b (E) Cheese_topping ¥ (C) Vegetarian_topping
¥ (L) Cheese_topping
» (CiFish.topping @ ’ Asserted [ Inferred | [P Fron @
> @Meat_mppmg @Mozzara\lt{uppmg
b () Vegetable_topping (€} Parmesan_tapping Asserted Conditions 0 E e
(5 vegetarian_topping ¥ (£ Vegetable_topping NECESSARY & SUFFICIENT
(Z)Mushroom_tepping {) Pizza_topping
(C) Olive_topping =) —~Fish_topping
(C) Onion_topping {2) ~Meat_topping
¥ (C)Pepper_topping NECESSARY
(C) GreenPepper_topping
(C)Jalapeno_topping
(C) RedPepper_topping
(C) Tomato_topping
(=})) Disjoin
F] [» 4 D]
[+ & g [~ | & =
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NEGATION (Complement)

Create Vegetarian_topping as a subclass of
Pizza_topping

A Vegetarian topping is neither a meat topping,
nor a fish topping

Classify

Why do we have to provide a N&S definition ?
Create NonVegetarian_topping

Classify

Page 18

ElpizzaTutorial Protégé 3.0 beta (file:thome/dameron/projectsfontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help
Neld B2 wy ¢ BEd »5 B B8 <» < protégé
r@ OWLClasses “Em Froperties r/ = Forms r\@lndiuidua\s r(ﬂ 2) Metadata ‘
<] O [m =N CERSNERTE
For Froject: @ pizzaTutorial-init For Froject @ pizzaTutorial For (Iass:@NonVegetar\anJopping (instance of owl:Class)
1 hee & & N kB 3
Asserted Hierarchy g M R S [Inferred Hierarchy » 5 Mame | SameAs |’ Differentfrom | [ Annotatior
[©) owl Thing =) owi Thing [Nonvegetarian_topping |G Property
¥ (C) Domain_Entity ¥ (5) Domain_Entity
¥ () Self_Standing_Entity v () self_Standing_Entity rdfs:comment {
b (©Pizza b ([D)Pizza
¥ (C)Pizza_base b (D) Pizza_base
(E)Deep_pan ¥ (C)Pizza_topping
(C) Thin_and_crispy ¥ (C)NonVegetarian_topping
¥ (£ Pizza_topping b (G Fish_topping
p (C)Cheese_topping b (C) Meat_topping
» (©Fish_topping ¥ (@ vegsanan-topsing Asserted | Inferred |
» (C)Mear_topping p (C) Cheese_topping [FIl
b () Vegetable_topping P (C}Vegetable_tapping Asserted Conditions O E e
(D) vegetarian_topping NECESSARY & SUFFICIENT
(C) NonVegetarian_topping {C) Pizza_topping
=) —Vegetarian_topping
NECESSART
2 [ | 0]
[+ = g [~]e | & =
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Expressing
constraints

Constraints

« Quantifier restriction

How to represent the fact that every pizza must
have a base ?

How to represent the fact that all the ingredients of
a vegetarian pizza must be vegetarians ?

» Cardinality restrictions

How to represent that a Hand must have 5 fingers
as parts ?

* hasValue restrictions
How to define the value of a relation for a class ?

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited
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Principles

A restriction describes an anonymous class
composed of all the individuals that satisfy
the restriction

= e.g. all the individuals that have (amongst other
things) mozzarella as topping

This anonymous class is used as a
superclass of the (named) class we want to
express a constraint on

© e.g. MargheritaPizza

Existential restriction

(7 hasTopping Mozzarella) : set of the
individuals being linked to at least one
instance of Mozzarella through the
hasTopping property

© They can be linked to multiple instances of

Mozzarella

> They can also be linked to instances of other
classes (provided domain and range integrity)

Margherita C (3 hasTopping Mozzarella)

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited
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Existential restriction

Margherita pizzas' toppings:
Tomato
Mozzarella

Americana pizzas' toppings:
Tomato
Mozzarella
Pepperoni

Jalapeno pizzas' toppings:
Jalapeno
Tomato

ElpizzaTutorial Protégé 3.0 beta (file:thome/dameron/projectsfontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

Del 80 wa ¢¥% BEE »& B BE <> < protégé
r@ OWLClasses “Em Froperties r: Forms r\@lndiuidua\s r/@ Metadata ‘

<] O CERSNERTE
For Project: 4@ pizzaTutorial-init For (Ian:@Margher’itLpizza (instance of owl:Class)
Asserted Hierarchy % L8 M Y Jd | [Name | SameAs | DifferentFrom | [ Cf & g W
{©) owt:Thing [Margherita_pizza |G Property Value [ Lang
¥ (C) Domain_Entity

¥ (E) Self_Standing_Entity rdfs:comment @]
¥ (C)Pizza

¥ (D) Mamed_pizza
(C) Margherita_pizza
(C) Americana_pizza

(C)Jalapeno_pizza  [Necessary Conditions:
p () Vegetarian_pizza = named pizza
) Spicy_pizza - wegetarian pizza I
M Oé:mpermntmza - has a mozzarella topping as its topping/red [EI[ Properties | Cf fl B & %
@Jalapeno,p\zza iastaltomatoitopping) a;;‘:llli':lpggmmmm “_jj @ @ M v @has,base (single Pizza_base)
(C) SpicyAndVegetarian_pizza (J) Pizza_base [from Pizza)
@ SpicyAndVegetarian_pizza HECESSARY & :'U:[FE‘SCSE:I @ Pizza_base [fram Pizza)
(C) SpicyOrvegetarian_pizza & Named_pizza ¥ [O]has_tepping (multiple Pizza_topping)
¥ (C)Pizza_base IC) Vegetarian_pizza (F)Mozzarella_topping
(C) Deep_pan {33 has_topping Mozzarella_topping (J) Tomato_topping
(C) Thin_and_crispy {3) 3 has_topping Tomato_topping (3 Pizza_topping [from Pizza]
p (C)Pizza_topping (J) Pizza_topping [from Fizza]

{33 has_base Pizza_base z
{3) 3 has_topping Pizza_topping [from Pizz,

(=T Disjoims i/} & g2 T2
{CiAmericana_pizza
{ChJalapeno_pizza
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RdpizzaTutorial Protégé 3.0 beta

Eile

ODed «*

Edit Project OWL Code Window Help

B ug dW

B0 B

<€protég é

For Project: 4 pizzaTutorial-init

Asserted Hierarchy

[ (1) owLClasses | [F]]] Properties | = Forms | D Individuals | @2} Metadata |
[Suictass eumosir < af cius cormon

For Class: (C) Americana_pizza  (instance of owl.Class)

ilp

{©) owt:Thing
¥ (C)Domain_Entity
¥ (C)Self_Standing_Entity
¥ (C)Pizza
¥ (C)Named_pizza
(C) Margherita_pizza
(C) Americana_pizza
(C) Jalapeno_pizza

[Necessary Conditions:
- named pizza
- spicy pizza

b (C)Vegetarian_pizza

¥ (C)Spicy_pizza
(C) Americana_pizza
() Jalapeno_pizza

() SpicyAndVegetaria N
- has a pepperoni

~ has atomato topping as its topping
— has a mozzarellatopping a5 its toppingr s

Mame [ SameAs |’ DifferentFrom | [J) Annatations Eﬁ Eﬁ@ -
‘Amer\cantpizza ‘u Property Value | Lang
rdfs:comment O

g e %

(Bl properies [ (57 421 ML @F J8¢

v [O]has_base (single Pizza_base)

topping as its topping

@Sp\cyAndVegetar\an,pw
(T} SpicyOrvegetarian_pizza
¥ (C)Pizza_base
(C) Deep_pan
(C) Thin_and_crispy
b (C)Fizza_topping

&l

{C) Mamed_pizza

{C)Spicy_pizza

{3 3 has_topping Tomato_topping
{3 3 has_topping Mozzarella_topping
{33 has_topping Pepperoni_topping

{33 has_base Pizza_base
{33 has_topping Pizza_topping

HECESSARY & SUFFICIENT

(3 Pizza_base {from P
@P\zztbase [from Piz.
v [O]has_topping (multiple Fizza_topping)
(J) Tomato_topping
(J) Mozzarella_topping
(J) Pepperoni_topping
(T Pizza_topping
(3 Pizza_topping

HECESSARY

INHERITED

(=3 Disj
{CiMargherita_pizza
(Gl Jalapeno_pizza

oy

ElpizzaTutorial Protégé

File  Edit owL

Oe d -+

Project Code Window Help

B ueg &9

B B BE Qb

ﬂprotégé

For Project: 4@ pizzaTutorial-init

IR AR

Asserted Hierarchy

r@ OWLClasses “Em Froperties r/ = Forms r@lndiuidua\s r/ Metadata ‘

For Class: @Ja\apeno,pizza tinstance of owi:Class)

Mame | SameAs | Differentfrom |

Coig M

[[J] Annotations

© owl:Thing
¥ (C) Domain_Entity
¥ () Self_Standing_Entity
¥ (C)Pizza
¥ (C)Named_pizza
(L) Margherita_pizza
(C) Americana_pizza
(C)Jalapeno_pizza

[jatapeno_pizza

Property Value [ Lang

rdfs:comment O

p () Vegetarian_pizza

[Necessary Conditions:
- named pizza

— spicy pizza

— wegetarian pizza
— has ajalapena toppin:
: has atomato topping

¥ (C)Spicy_pizza
(C) Americana_pizz]
(C)Jalapeno_pizza
(C) SpicyAndvegetd
(C) SpicyAndVegetaria
(€} SpicyOrvegetarian_|

Inferred

nditions

g de X

[FI] Properties @f E‘ I ‘ ]

v @has,base (single Pizza_base)

g as its topping
as its topping

¥ (C)Pizza_base

(C) Deep_pan

{C) Thin_and_crispy
p (C)Pizza_topping

[ e 8

[l Mamed_pizza

{C) Spicy_pizza

{C) Vegetarian_pizza

{3) 3 has_topping Jalapeno_topping
@ 3 has_topping Tomato_topping

{d) 3 has_base Pizza_base
{33 has_topping Pizza_topping

HECESSARY & SUFFICIENT

(J) Pizza_base [from Pizza)
e (J) Pizza_base [from Pizza)
(3 Pizza_base [from ]

v @has,loppmg (multiple Pizza_topping)
(F)Jalapeno_topping
(J) Tomato_topping

@P\zzt{oppmg [from
(J) Pizza_topping [from Piz
(J)Pizza_topping [from

) pisi:
{CiMargherita_pizza
() Americana_pizza

Stanford Medical Informatics, Stanford CA
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Complete the ontology

Create Spicy topping as a subclass of
Pizza_topping
Use Spicy topping as a superclass of:
Jalapeno_topping
SpicyBeef topping
Define Spicy_pizza as a pizza having at least
one spicy topping

Remove the fact that Americana_pizza and
Jalapeno_pizza are subclasses of Spicy pizza

ElpizzaTutorial Protégé 3.0 beta (file:thome/dameron/projectsfontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)

File Edit Project OWL Code Window Help

Neld B2 wy ¢ BEd »5 B B8 <» < protégé
r@ OWLClasses “Em Properties r: Farms r\§>>lndiuidua\s r/@ Metadata ‘
< : HI_RENTE
For Project: 4@ pizzaTutorial-init For Clan:@Sp\cy,beef,lopping (instance of owl:Class)
Asserted Hierarchy 5 LE M 3 J@ | [ Name [ SameAs | Differentfrom | [J Annotations [ b g2
{©) owt:Thing [Spicy_beer_topping |G Property Value [ Lang
¥ (C) Domain_Entity
¥ () Self_Standing_Entity rdfs:comment
p (C)Pizza
¥ (C)Pizza_base
(C) Deep_pan
{C) Thin_and_crispy
¥ (C)Pizza_topping

P () Cheese_topping

» (C)Fish_topping =R )
[“Asserted | Inferred | [F1[ Properties [T @E‘ B &%

¥ (L) Meat_topping

g:::nj;:ﬂ:‘fwmg Asserted Conditions R e B
(C) Salami_topping MECESSARY & ;u;[:xc;:g
() Spicy_beef_topping &) Meat_topping
¥ (C)Vegetable_topping ) Spicy_topping =

(C) Mushroom_topping
(L) Olive_topping
() Onion_topping
¥ (C) Pepper_topping
(C) GreenPepper_topping
(C)Jalapeno_topping
(C)RedPepper_topping =
(C) Tomato_topping (=3D Disjoints OF o) 2
|C) Pepperoni_topping

|C)Ham_topping
|.C) Salami_topping

(L) Vegetarian_topping
(€} NonVegetarian_topping
¥ (C)Spicy_topping
(C) Jalapeno_topping
(L) Spicy_beefl_topping
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Protégé 3.0 beta (file:/home/dameron/projects/ontology/owl/pizzaTutorial.pprj,

¥ (C)Pizza_topping
p (C)Cheese_topping
» (C)Fish_topping
¥ (C)Meat_topping
(C)Ham _topping
(C) Pepperoni_topping
(C) Salami_topping
(C) Spicy_beef_topping
¥ (C)Vegetable_topping
(€ Mushroom_topping
(C) Olive_topping
(C) Onion_topping
¥ (C)Pepper_topping

|3 3 has_base Pizza_base

File Edit Project OWL Code Window Help
Ded B2 wa 9% BIEE 2@ B BE < <€prol‘égé
[ (1) owLClasses | [F]]] Properties | = Forms | D Individuals | @2} Metadata |
<0 O4 0o m: Do BT
For Project: @ pizzaTutorial-init For Project @ pizzaTutorial For Class: @Sp\cy_p\zza (instance of owl.Class)
Asserted Hierarchy e Inferred Hierarchy R Mame | SameAs | DifferentFrom e
i C,
kS) owl: Thing ol =) ow Thmg_ . [spicy_pizza @ Prope
¥ (C)Domain_Entity ¥ (C)Domain_Entity
¥ (G Self_Standing_Entity ¥ (D) sei_Standing_Entity rdfs:comment "
¥ (C)Pizza v (EPizza
¥ (C)Named_pizza b (C)Named_pizza
(5 Margherita_pizza ¥ (C)SpicyOrvegetarian_pizza
(® Americana_pizza ¥ (D) Spicy_pizza
(T Jalapena_pizza (E)Jalapeno_pizza
b (5)Vegetarian_pizza (L) SpicyAndVegetarian_pizza
P (C)Vegetarian_pizza
¥ @ spicy_pizza N Qh Asserted | Inferred | [
(C) SpicyAndvegetarian_pizza b (C)Pizza_base il
f o 50 1
(C spicyAndvegetarian_pizza » (&) Pizzatopping Asserted Conditions o E -ID |
(B) SpicyOrvegetarian_pizza MECESSARY & SUFFICIENT
¥ (C)Pizza_base |C) Fizza 3
(C)Deep_pan |3 3 has_topping Spicy_topping
(C) Thin_and_crispy MECESSARY
INHERITED

[from Pizza]

1~

Complete the ontology

- Exercice: define Cheesy pizza as a pizza
having at least one cheese topping
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RdpizzaTutorial Protégé 3.0 beta  (filez/home/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)

File Edit Project OWL Code Window Help

Ded B0 wa v% BEE 5 5 B8 ar <€pmrégé
[ (1) owLClasses | [F]]] Properties | = Forms | D Individuals | @2} Metadata |
<0 Od O a4 Do BT
For Project: @ pizzaTutorial-init For Project @ pizzaTutorial For (Iaﬂ:@ CheesyPizza  (instance of owl:Class)
oy G, U E M B R |inferred Hierarchy » 2 ["Mame | sameAs | DifferentFrom | W
2 0w Thing [~ | SIE [cheesyPizza [¥] Pri
¥ (C)Domain_Entity ¥ (C)Domain_Entity
¥ (L) Self_Standing_Entity ¥ () Self_Standing_Entity .
¥ (©Pizza v (G)Pizza
¥ (ENamed_pizza ¥ (C)CheesyPizza
(5) Margherita_pizza (C)Americana_pizza
(E) Americana_pizza (E)Margherita_pizza
(D) Jalapeno_pizza b (C)Named_pizza
¥ () vegetarian_pizza b () Spicy Orvegetarian_pizza
(©) Margherita_pizza > (G Pizzabase Asserted | Inferred |
(© Jalapeno_pizza b (£ Pizza_topping —
(O spicyAndVegetarian_pizza Asserted Conditions O @@ X
v @spicy_pizza NECESSARY & SUFFICIENT
() spicyAndVegetarian_pizza {C) Pizza
(C) SpicyAndVegetarian_pizza {3 3 has_topping Cheese_topping
() SpicyOrvegetarian_pizza NECESSARY
INHERITED
(C) CheesyPizza
3 3 has_base Pizza_base from Pizza]| C
¥ () Pizza_base 12 I =
(E)Deep_pan [Necessary and Sufficient Conditions:
(C) Thin_and_crispy = =R
¥ (E)Pizza_topping — any abject which has a cheese topping as its topping|
p (C)Cheese_topping
» (C)Fish_topping
¥ (G)Meat_topping
(C)Ham _topping
(C) Pepperoni_topping
(C) salami_topping
(C) Spicy_beef_topping
¥ (C)Vegetable_topping |
L e I 1 bl

Universal restriction

(V hasTopping VegetarianTopping) : set of
all the individuals only linked to instances of

VegetarianTopping through the hasTopping
property

Warning: also includes all the individuals
linked to nothing through the hasTopping
property
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Universal restriction

(V hasTopping VegetarianTopping)

Remove the fact that Margherita_pizza and
Jalapeno_pizza are subclasses of
Vegetarian_pizza

Define Vegetarian_pizza as any pizza for
which all the toppings are vegetarian

Page 26

toppings
Classify :~(

pizzaTutorial Protégé 3.0 beta (file:thome/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)

File Edit Project OWL Code Window Help

Ol B0 wd ¢d% DB &0 EE <k

ﬁprotégé

r@ OWLClasses “Em Froperties r/ = Forms r\@lndiuidua\s r/@ Metadata ‘

IC) ol Thing
¥ (C) Domain_Entity
¥ (C) Self_Standing_Entity
v (Q)Pizza
¥ (C)Named_pizza
(C) Margherita_pizza
(C)Americana_pizza
(C)Jalapeno_pizza
¥ (C) Vegetarian_pizza
@SpicyAndVege(arian,pizza
v (5 Spicy_pizza
(C) SpicyAndVegetarian_pizza
(C) SpicyAndvegetarian_pizza
@Spicyor\fege(arian,p\zza
(C) CheesyPizza
¥ (C)Pizza_base
(C)Deep_pan
(C) Thin_and_crispy
¥ (C)Pizza_topping
p (C)Cheese_topping
» (C)Fish_topping
¥ (G)Meat_topping
(C)Ham _topping
(C) Pepperoni_topping
(C) Salami_topping
(C) Spicy_beef_topping
¥ (C)Vegetable_topping
(€ Mushroom_topping

¥ (C)Domain_Entity
¥ (C)Self_Standing_Entity
v (C)Fizza
b (D) CheesyPizza
» (C)Named_pizza
¥ (C) SpicyOrvegetarian_pizza
» (D) Spicy_pizza
¥ (C) Vegetarian_pizza
(C) SpicyAndVegetarian_pizza
» (C)Pizza_base
B (C)Pizza_topping

(C) Olive_topping

=15 04 ﬂblm: CHESRERTS
For Froject: @ pizzaTutorial-init For Project @ pizzaTutorial For (Iass:@Vegetar\an,p\zza (instance of owl:Class)
i & @ ; ]
Asserted Hierarchy SF g M 2 R |Inferred Hierarchy £ 2 Name | SameAs | Differentfrom | D
) owd:Thi
4] £ owiThing [Veastarian_pizza

@ ||

rdfs:comment

Asserted || Inferred |

Asserted Conditions

J&e m

|C)Pizza

/) 3 has_base Pizza_base
/3 3 has_topping Pizza_topping

@ ¥ has_topping Vegetarian_topping

NECESSARY & SUFFICIENT

NECESSARY

INHERITED
[from =
[from
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Universal restriction

Why Margherita and Jalapeno pizze were not
recognised as vegetarian pizze ?

... Find out in a few slides

Cardinality restriction

PizzaWithTwoTopping
Pizza M (hasTopping = 2)
PizzaWithFiveOrMoreToppings
Pizza I (hasTopping = 5)
PizzaWithThreeOrLessToppings
Pizza M (hasTopping < 3)

Warning: This is NOT qualified cardinality
restrictions
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zzaTutorial Prof

File  Edit  Project Window  Help

ODed & W B B

OWL Code

E b

Files (.owl or .rdf))

<€protég é

[ (1) owLClasses | [F]]] Properties | = Forms | D Individuals | @2} Metadata |
Suictass eusmowsmr———— sl cls comon

ilp

For Project: 4 pizzaTutorial-init

Asserted Hierarchy

For Class: (C) PizzaWithTwoToppings

(instance of owl:Class)

{©) owt:Thing

BEX RR

¥ (C)Domain_Entity
¥ (C)Self_Standing_Entity
¥ (C)Pizza

¥ (C)Named_pizza
(C) Margherita_pizza
(C) Americana_pizza
(C) Jalapeno_pizza

¥ (C)Vegetarian_pizza
@ SpicyAndVegetarian_pizza

¥ (D) Spicy_pizza
(C) SpicyAndVegetarian_pizza

(C) SpicyAndVegetarian_pizza
@Sp\cyONegetaman,pizza
(T} CheesyPizza
(C) PizzaWithTwoToppings

¥ (C)Pizza_base

Mame [ SameAs |’ DifferentFrom | ) Annotations Eﬁ Eﬁ@ -
[PizzaWithTwaToppings [¥] Property Value [ Lang
rdfs:comment ©

Asserted [ Inferred |

Asserted Conditions

[PII] Properties @E‘ R ‘ !

w [O]has_base (single Fizz

base)

e M

(C) Deep_pan
{C) Thin_and_crispy
¥ (C)Pizza_topping

- pizza
— any object which h

Necessary and Sufficient Conditions:

as exactly 2 toppings

b (C) Cheese_topping
» (L) Fish_topping
¥ (C)Meat_topping
() Ham_topping
@ Pepperoni_topping
() Salami_topping
(L) Spicy_beefl_topping
¥ (C)Vegetable_topping
(C) Mushroom_tapping
(C) Olive_topping

(3 Pizza_base [from Pizza]
NECESSARY & SUFFICIENT
@ Pizza v @ has_topping (multiple Fizza_topping)
=) has_topping = 2 =2
NECESSARY (3 Pizza_topping [from Pizza]
a_base
izza_topping

(=]} Disjoints

oy

ElpizzaTutorial Protégé 3.0 beta  (fil

File Edit Project OWL Code Window Help
Oe B B ud &%

ome/dameron/projects/ontology/owl,

B B

zaTutorial.pprj, OWL Files (.owl or .rdf))

EE ak

ﬂprotégé

r@ OWLClasses “Em Froperties r/ = Forms r@lndiuidua\s r/ Metadata ‘

v (C)Pizza

¥ (C)Named_pizza
(C) Margherita_pizza
@Amer\cantp\zza
(C)Jalapeno_pizza

¥ () Vegetarian_pizza
@SpicyAndVegelarian,pizza

v (5 Spicy_pizza
(C) SpicyAndVegetarian_pizza

(C) SpicyAndvegetarian_pizza
@SpicyONege(arian,p\zza
(C) CheesyPizza
() PizzaWithTwoToppings
(C) PizzaWithFiveOrMoreToppings
@P\zza\mlhThreeOrLessToppmgs
¥ (C)Pizza_base
(C)Deep_pan
(C) Thin_and_crispy
¥ (C)Pizza_topping
p (C)Cheese_topping
» (C)Fish_topping
¥ (C)Meat_topping
(C) Ham _topping
(C) Pepperoni_topping
(C)salami_topping
(C) Spicy_beef_topping

[T

1 []

SUBCLASS RELATIONSHIP « m), SUBCLASS RELATIONSHIP | x h CLASS EDITOR CERSNERT)
For Froject: @ pizzaTutorial-init For Froject @ pizzaTutorial For Class:@F’\zzaW\mThreeOrLessTappmgs inst...
o — @
Asserted Hierarchy @ [8“ X B M | nferred Hierarchy ‘ i 8 Name | SameAs | DifferentFrom | L)
(S 0w Thing [+] = cut-Thing [PizzawithThree OrLessToppings 1@ |
¥ () Domain_Entity ¥ (C) Domain_Entity
¥ (C)Self_Standing_Entity ¥ (D) self_Standing_Entity rdfs:comment @)

¥ (C)Pizza

b (C) CheesyPizza

Qrveg
p (C)Pizza_base
p (C)Pizza_topping

La -
(C) PizzaWithFiveOrMoreToppings
v @PizzaW\lhThreeOrLessTopp\ngs
(Z) FizzaWith TwoToppings

Asserted || Inferred |

&g |

MECESSARY & SUFFICIE

Asserted Conditions

|C) Pizza

|<) has_topping = 3

HECESSE
INHERIT

|3 3 has_base Pizza_base
}3) 3 has_topping Fizza_topping

[from Pi
[from Fi
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hasValue restriction

So far, we have been narrowing the range of
relationship

create the class Person

create the relation hasPizzaMaker. Pizza -> Person
create ItalianPerson as as subclass of Person

define GenuinePizza = (3hasPizzaMaker ItalianPers.)

We may also want to restrict it to a precise value
(and not to a set of values)

create olivier as an instance of Person
define OliviersPizza = (hasPizzaMaker > olivier)

hasValue restriction

Create luigi as an instance of ItalianPerson
Create LuigisPizza
Classify

Why isn't LuigisPizza a subclass of
GenuinePizza ?

... because it is a Racer (reasoner) bug !
I'T SHOULD !
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Reasoning

Reasoning usage

Detecting inconsistencies (i.e. insatisfiability)
Finding subclasses
Detecting trivially satisfiable classes
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Finding inconsistencies

Inconsistent class: class that cannot have any
instance (insatisfiable)

Create ProbeVegetableAndMeatTopping as
a subclass of:

VegetableTopping
MeatTopping

Classify
Why is it inconsistent ?

pizzaTutorial Protégé 3.0 beta (file:thome/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

Ol B0 wd ¢d% DB &0 EE <k

ﬁprotégé

r@ OWLClasses “Em Froperties r/ = Forms r\@lndiuidua\s r/@ Metadata ‘
<15 Od

CHESRERTS

For Project: 4@ pizzaTutorial-init

For Class: @ ProbeVegetableAndMeat_topping  (instance of owl:Class)

Asserted Hierarchy

Name

SameAs

DifferentFrom |

[[J] Annotations

Eaciy |

@ owl:Thing

[ProbevegetableAndmeat_tapping

Property Value [ Lang

¥ (C) Domain_Entity
¥ () Self_Standing_Entity
¥ (C)Pizza
¥ (C)Named_pizza
(L) Margherita_pizza
(C) Americana_pizza
(C)Jalapeno_pizza
¥ (D) Vegetarian_pizza
(C) SpicyAndVegetarian_pizza
¥ (C)Spicy_pizza
@ SpicyAndVegetarian_pizza
(C) SpicyAndVegetarian_pizza

rdfs:comment

(¥}

Asserted | Inferred |

Asserted Conditions

[Pl Properties o] @ E‘ [FL \fﬂ x

GE@ X

NECESSARY & SUFFICIENT

(L) SpicyOrvegetarian_pizza
(L) CheesyPizza
() PizzaWithTwoTappings
(G} PizzaWithFiveOrMoreToppings
{C) PizzaWithThree OrLessToppings
p (C)Pizza_base
¥ (C)Pizza_topping
p (L) Cheese_topping
» (C)Fish_topping
p (C)Meat_topping
» (C)Vegetable_topping
(L) Vegetarian_topping
(€} NonVegetarian_topping
» (C)Spicy_topping
(C) ProbeVegetableAndMeat_topping

(C) Meat_topping
(C) Pizza_topping
{C) Vegetable_topping

[Necessary Conditions:

NECESSARY

(=] Disjoints t") 1@ -lnﬁ ng

- pizzatopping

— wegetable topping &
— meat tapping
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Page 32

File  Edit  Project OWL Code Window Help
Ded «BE vy Y% BEE »5 B <g|protége
f@ WL Classes rE‘]] Properties r = Forms I’@ Individuals I/(' 3) Metadata |
<5 04 0o o CEENERTE
For Froject: @ pizzaTutorial-init For Project 4 pizzaTutorial For Class: @ ProbeVegetableAndMeat_top...
Asserted Hierarchy Inferred Hierarchy £ R Name | SameAs | Differsntrom |
.5 owt-Thing ] |2 owk:Thing [ProbevegetableAndMeat_topping
¥ (C)Domain_Entity ¥ (5)Domain_Entity
¥ () Self_Standing_Entity ¥ (£ self_Standing Entity rdfs:comment
v (D) Pizza b (E)Pizza
¥ (C)Named_pizza b (E)Fizza_base
(€) Margherita_pizza ¥ (£)Pizza_topping
(C) Americana_pizza » (C) NonVegetarian_topping
@Ja\apel’\o pizza ©Pr’cbe\d’ege(ab\eAndMeanppmg
¥ (@ Vegetarian_pizza » (C) Spicy_topping Asserted [ Inferred |
B (L} Vegetarian_topping
@ SM_VA"dvege‘am”’p‘zza @ Asserted Conditions &
¥ (C)Spicy_pizza pr—
(C) SpicyAndVegetarian_pizza
() SpicyAndVegetarian_pizza {C) Meat_topping
(IC) SpicyOrvegetarian_pizza {C) Pizza_topping
@Cheesypizza {C) Vegetable_topping |
() PizzaWithTwoToppings
(iZ) PizzaWithFiveOrMoreToppings
@PizzawithThreeOrLessToppings
p (C)Pizza_base i L
4 D] il ] I
[ & LAY
av

Class

Changed superclasses |

C) Americana_pizza
C) Cheese_topping
C) Fish_topping
C)Jalapeno_pizza
C) Margherita_pizza
#5 C) Meat_topping
C) PizzaWithTwoTappings

m ProbeVegetableAndleat_topping

Mdded CheesyPizza

Mowed from Pizza_topping to Vegetarian_topping
Mowed from Pizza_topping to Monvegetarian_topping
Added Spicy_pizza

Added CheesyPizza

Mowed from Pizza_topping to MorVegetarian_topping
Moved from Pizza to PizzaWithThreeOrLessTappings
Inconsistent

I Dit Classification Results

Stanford Medical Informatics, Stanford CA

Finding inconsistencies

- ProbePizzaWithNoBase
- ProbePizzaWithNoTopping
- ProbePizzaWithTwoBases
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Reasoning

Reasoning can be used to build and maintain an
ontology: give intentional definitions for your
concepts and let the computer do the work

This is exactly what we have been doing when
we described VegetarianPizza and SpicyPizza
Create CreamTopping and make it disjoint from

MeatTopping

After classification, CreamTopping should be a
subclass of VegetarianTopping

Reasoning

Why we need defined concepts ?

© Try to classify an example with a primitive
concept

° Find out / explain why we didn't get the
expected result
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Open VS Closed World Reasoning

Create IceCream as a sibling of Pizza

Create Chocolate _iceCream as a subclass of
lceCream

Create Chocolate topping as a subclass of
Pizza_topping (nevermind if it is weird)

Express that all chocolate ice creams have
Chocolate_topping as topping

Classify
How come Chocolate iceCream is a Pizza ?

ElpizzaTutorial Protégé 3.0 beta (file:thome/dameron/projectsfontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

Neld B2 wy ¢ BEd »5 B B8 <» < protégé
r@ OWLClasses “Em Froperties r: Forms r\§>>lndiuidua\s r/@ Metadata ‘

<15 O 0O ok CEE RN
For Froject: @ pizzaTutorial-init For Project @ pizzaTutorial For claz::@Chocolate,\ceCream (instance of .
o) G U E W A SR Inferred Hierarchy R Name | SameAs | DifferentFrom |
(S 0wl Thing [2) owi-Thing [Chocolate_icecream |G

¥ (C)Domain_Entity
¥ (C) Self_Standing_Entity
¥ (C)lceCream

¥ (C) Domain_Entity
¥ (C) Self_Standing_Entity
v (Q)Pizza

¥ (C)Named_pizza
(C) Margherita_pizza
@Amer\cantp\zza
(C)Jalapeno_pizza

¥ () Vegetarian_pizza
@SpicyAndVege(arian,pizza

v (5 Spicy_pizza
(C) SpicyAndVegetarian_pizza

(C) SpicyAndvegetarian_pizza

rdfs:comment

p (C) CheesyPizza
\C) Chocolate_iceCream

(C)Americana_pizza
(C)Jalapeno_pizza
(C)Margherita_pizza

() PizzaWithFiveOrkoreToppings

Asserted || Inferred |

Asserted Conditions [
MECESSARY & SUFF

(C) SpicyOrvegetarian_pizza p (C) PizzaWithThreeOrLessToppings il
(B) CheesyPizza > (C) SpicyOrvegetarian_pizza G IceCream

(E) PizzaWithTwoToppings b (C)Pizza_base {3 3 has_topping Chocolate_topping [
(C) PizzaWithFiveOrMoreToppings ¥ (C)Pizza_topping

(C) Chocolate_topping
» @Nan\fege(arian,wppmg
b (C)Spicy_topping
¥ () Vegetarian_topping
¥ (C)Cheese_topping
() Mozzarella_topping
() Parmesan_topping
¥ (C)Vegetable_topping
() Mushroom_topping
(C) Olive_topping
() Onion_topping
» (C)Pepper_topping
() Tomata_topping

@P\zzaWuhThr’eeOr’LessToppmgs
b (C)Pizza_base
¥ (C)Pizza_topping
p (C)Cheese_topping
» (G Fish_topping
» (C)Meat_topping
p (C)Vegetable_topping
@Vege(arian,wppmg
{C) NonVegetarian_topping
» (C)Spicy_topping
() Chocolate_topping
v (C)lceCream
(C) Chocolate_iceCream
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RdpizzaTutorial Protégé 3.0 beta  (filez/home/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
Eile Edit Project OWL Code Window Help

Deld «BR ey Y% BEE 95 5 BE <» <g|protége
([ (D) oWLClasses " [PII] Properties [ = Forms | L Individuals | @2} Metadata |
For Froject: @ pizzaTutarial For Froperty [0] has_topping  (instance of owt:0bjectPraperty)
[PI] Properties [T} @ %‘;T: ij;] @ x Name [ Equivalents rSamens rD\fferemFrum | [J Annotations l_fj ég ,.p X
¥ [D]has_part ‘hasjopping |U Property Value | Lang
¥ [O] has_direct_part
¥ [O]has_ingredien rdfs:comment
[O] has_topping
[O] has_base
Therefore, a chocolate ice-cream
HAS TO BE a kind of pizza !
e ——
Domain 1 \ #© & nnge o MW
{C) Pizza | C) Pizza_topping | B
—
[ Inverse Functional I
[ ] symmetric
[ ] Transi itive
Inverse i o B
| ELY
Super properties &l [EL
[0] has_ingredient
&

Open VS Closed World Reasoning

Remember a few slides ago 777

MargheritaPizza C (3 hasTopping
Mozzarella) m (3 hasTopping Tomato)

Vegetarian_pizza = Pizza N (V hasTopping
Vegetarian_topping)

Tomato and Mozzarella ARE Vegetarian
toppings

So, why isn't Margherita classified under
Vegetarian_pizza ?
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Open VS Closed World Reasoning

Remember a few slides ago ???

MargheritaPizza C (3 hasTopping
Mozzarella) n (3 hasTopping Tomato)
Vegetarian_pizza = Pizza M (V hasTopping
Vegetarian_topping)

So, why isn't Margherita classified under
Vegetarian_pizza ?

Because some Margheritas may have
other toppings (e.g. SpicyBeef_topping) !

Open VS Closed World Reasoning

Closed-World reasoning

> Negation as failure

o Anything that cannot be found is false
< Reasoning about this world
Open-World reasoning

© Negation as contradiction

¢ Anything might be true unless it can be proven
false

< Reasoning about any world consistent with the
model
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Need for closure

MargheritaPizza C (3 hasTopping
Mozzarella) n (3 hasTopping Tomato)

AmericanaPizza C (3 hasTopping
Mozzarella) m (3 hasTopping Tomato) (3
hasTopping Pepperoni)

Classify :~(

Need for closure

Mozzarella + Tomato
Margherita_p# S

s
"~
L
.
.
g
g
.
.
.

.....
-------
. ..
il
o
o
S
o
kS

o
.
------
-------------------

.
.
.
s
-------
-----

Pepperoni

Stanford Medical Informatics, Stanford CA

Page 37

©2005 Stanford University - Reproduction Prohibited



18 July 2005 Protégé Conference Page 38

Need for closure

MargheritaPizza = (3hasTopping
Mozzarella) m (IhasTopping Tomato)

AmericanaPizza = (3 hasTopping
Mozzarella) m (3 hasTopping Tomato)n(3
hasTopping Pepperoni)

Classify :-)

Need for closure

Margherita pizzas only have Tomato and
Mozzarella for topping

MargheritaPizza = (3 hasTopping
Mozzarella) i (3hasTopping Tomato) M
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Need for closure

Margherita pizzas only have Tomato and
Mozzarella for topping

MargheritaPizza = (3 hasTopping
Mozzarella) m (3hasTopping Tomato) n
(V hasTopping (MozzarellaLiTomato))

The universal constraint (V) alone is not
enough ! We need both 3 and V constraints

Need for closure

Margherita pizzas only have Tomato and
Mozzarella for topping

MargheritaPizza = (3hasTopping Mozzarella) M
(3hasTopping Tomato) M
(V hasTopping (MozzarellauTomato))

AmericanaPizza = (3 hasTopping
Mozzarella) ™ (3 hasTopping Tomato)m(3
hasTopping Pepperoni) (¥ hasTopping...)

Classify :-)
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RdpizzaTutorial Protégé 3.0 beta

Eile

ODed «*

Edit Project OWL Code Window Help

[Cl 2

B s B B

<@pmtég é

For Project: 4 pizzaTutorial-init

Asserted Hierarchy

[ (1) owLClasses | [F]]] Properties | = Forms | D Individuals | @2} Metadata |
[Suictass eumowsmr <l cus eormon

For Class: (C) Jalapeno_pizza  (instance of owl:Class)

ilp

{©) owt:Thing
¥ (C)Domain_Entity
¥ (C)Self_Standing_Entity
¥ (C)Pizza
¥ (C)Named_pizza
(C) Margherita_pizza
(C) Americana_pizza
(C) Jalapeno_pizza
¥ (C)Vegetarian_pizza

Mame [ SameAs [ DifferentFrom | [)) Annatations Eﬁ Eﬁ@ -
[Jalapena_pizza [+ Property Value [ Lang
rdfs:comment O

pizza
any object which has atomato topping as its topping

Mecessary and Sufficient Conditions:
v

- any object which has ajalapena topping s its topping
— any object where all tappings are the union of
— tomato topping
- jalapeno topping
Mecessary Conditions:
— named pizza
() PizzaWithThree OrLessToppings
(C) Margherita_pizza
(C)Americana_pizza
(C)Jalapeno_pizza
» () Pizza_base
¥ (C)Pizza_topping
p (L) Cheese_topping
» (C)Fish_topping
b (C)Meat_topping
» (C)Vegetable_topping
(C) Vegetarian_topping
() NonVegetarian_topping

» (L) Spicy_topping

OIS0

©

Asserted || Inferred |

CICERR

Asserted Conditions

(B Fropa@i 5 jol WL & M
w [O]has_base (single P
(3) Pizza_base [from

NECESSARY & SUFFICIENT
{C)Pizza

{'¥) ¥ has_topping (Tomato_topping U Jalapeno_toppin

{33 has_topping Tomato_topping

{3) 3 has_topping Jalapeno_topping

MNECESSARY
{C) Mamed_pizza

INHERITED

{3) 3 has_base Pizza_base
{33 has_topping Pizza_topping

[from Piz
[from Pizz

@Pizztbase [from Pizza]
w [O] has_topping  (multiple
(%) Tomato_topping U Jalapeno_t,
(F) Tomato_topping
(J)Jalapeno_topping
() Pizza_topping
(3) Pizza_topping

[from
[from

[l

D osieins S 42 £ 52
[T Margherita_pizza
|.C) Americana_pizza

oy

ElpizzaTutorial Protégé

File Edit Project OWL Code Window Help
OeE B3 wd &% B [

EE ak

ﬂprotégé

r@ OWLClasses “Em Properties r/

Forms r@lndiuidua\s r/ Metadata ‘

For Froject: @ pizzaTutorial-init For Froject @ pizzaTutorial For Class: (5} Jalap..
e BTy W 2 R |mferred Hierarchy & R [Mame | SameAs
¥ (C)Domain_Entity ¥ (5} Domain_Entity
¥ (C)self_Standing_Entity ¥ (Esell_standingEntity rdfs:comment
v (& Fizza v [©Fizza —
v (& Named_pizza b (D) Cheesyrizza
(©) Margherita_pizza b (C)Named_pizza
(0 Americana_plzza (iZ) PizzaWithFiveOrMoreToppings
@Jalapenn_plzza > @PizzawithThreeOrLessToppings
b (B Vegetarian_pizza ¥ (C) SpicyDrvegetarian_pizza
» (5 Spicy_pizza » (@ spicy_pizza _ (nsserea RN
(G) SpicyAndvegetarian_pizza ¥ (D) Vegerarian_pizza
(C) SpicyOrvegetarian_pizza (D) Margherita_pizza Asserted Condi
(E) CheesyPizza ¥ (C) SpicyAndvegetarian_pizza —
(C) PizzaWithTwoTappings (B Jalapeno_pizza {C)Pizza
(G) PizzaWithFiveOrboreToppings b (C)Pizza_base {1 ¥ has_topping (
(G) PizzaWithThreeOrLessToppings b () Pizza_topping {313 has_topping T
(€ Margherita_pizza 133 has_topping J;
(C) Americana_pizza (& Named_pizza
(C)Jalapeno_pizza
b (ElPizza_base {33 has_base Pizzi
¥ (C)Pizza_topping {33 has_topping P
b (C) Cheese_topping
» (C)Fish_topping
p (C)Meat_topping
p (C)Vegetable_topping
() Vegetarian_topping
() NonVegetarian_topping
» () Spicy_topping

Stanford Medical Informatics, Stanford CA

©2005 Stanford University - Reproduction Prohibited

Page 40



18 July 2005 Protégé Conference Page 41

Defined concepts

Exhaustive decomposition

PepperTopping = RedPepper OR GreenPepper
OR JalapenoPepper

RedPepper, GreenPepper and JalapenoPepper
are disjoint

Defined concepts

Provide intensional definitions
SpicyPizza (exists)
VegetarianPizza (for all)

Exercice: add a closure to JalapenoPizza
definition, and check that it is actually
classified as a SpicyAndVegetarianPizza
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More fun with negation

[

(9

.

Classify

(8

Define VegetarianPizza
Define NonVegetarianPizza =I" VegetarianPizza

Adapt the definition of NonVegetarianPizza

Page 42

EE ak

pizzaTutorial Protégé 3.0 beta (file:thome/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

NN

ﬁpmtégé

Ded BE wma <9
r@ OWLClasses “Em Froperties r: Forms r\@lndiuidua\s r/@ Metadata ‘
=0 Od

For Project: @ pizzaTutorial-init

Asserted Hierarchy

For Froject @ pizzaTutorial

Inferred Hierarchy

[m =N

IC) ol Thing
¥ (C) Domain_Entity
¥ (C) Self_Standing_Entity
b (C)Pizza
¥ (C)Pizza_base
(C)Deep_pan
(C) Thin_and_crispy
¥ (C)Pizza_topping
p (C)Cheese_topping
» (C)Fish_topping
p () Meat_topping
p (C)Vegetable_topping
() Vegetarian_topping
@Nchege(ar’ianJoppmg

.C) owdThing
¥ (C)Domain_Entity
¥ (C)Self_Standing_Entity
» (C)Fizza
b (D) Pizza_base
¥ (C)Pizza_topping
¥ (C)NonVegetarian_topping
» (C) Fish_topping
b (C) Meat_topping
¥ (C)Vegetarian_topping
p (C) Cheese_topping
B (C) Vegetable_topping

CHESRERTS
For Class: @ MonVegetarian_topping  (instance of owl:Class)
Mame | SameAs |’ Differentfrom | [ Annotatior
[Wonvegetarian_tapping |G Property
rdfs:comment (2
Asserted || Inferred | [FIT

J&em

NECESSARY & SUFFICIENT

Asserted Conditions

{C) Pizza_topping
@ﬂVege(arianJcppmg
NECESSARY

&

[o]
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More fun with negation

TestPizza1C (3 hasTopping Cheese)
Classify

Why isn't it a VegetarianPizza ?

Why isn't it a NonVegetarianPizza ?
TestPizza2 = (3 hasTopping Cheese)
Classify

Same question...

pizzaTutorial Protégé 3.0 beta (file:thome/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

Del 80 wa ¢¥% BEE »& B BE <> < protégé
r@ OWLClasses “Em Froperties r/ = Forms r\@lndiuidua\s r(ﬂ 2) Metadata ‘
<5 0¢ q“m: CEESNERTE

For Project: @ pizzaTutorial-init For Froject @ pizzaTutorial For Class: (C) TestPizza2  (instance of owi:Class)

Asserted Hierarchy o g ¥ 2 J |inferred Hierarchy £ R Mame |*SameAs | Differentfrom | [) Annotations |
[} owl Thing ) owd Thing [Testpizzaz |G Property valh
¥ () Domain_Entity ¥ (5} Domain_Entity

¥ () Self_Standing_Entity v (D) self_Standing._Entity rdfs:comment )

v (C)Pizza ¥ (C)Fizza
¥ (C)Named_pizza b (D) CheesyPizza = TestFizza?
(C) Margherita_pizza B (C)Named_pizza
(G)Americana_pizza ¥ (C)NenVegetarian_pizza
(C)Jalapeno_pizza (C) Americana_pizza
» () Vegetarian_pizza (5 FizzaWithFiveOrMoreToppings

b Q) Spicy_pizza » (C) PizzaWithThreeOrLessToppings

: Asserted | Inferred
(5) SpicyAndvegetarian_pizza ¥ (D) SpicyOrvegetarian_pizza |

(C) SpicyOrvegetarian_pizza b © Spicy_pizza Asserted Conditions @ e X

(© CheesyPizza ¥ (@ Vegetaran_pizza NECESSARY & SUFFICIENT

(C) PizzaWithTwoToppings (E) Margherita_pizza {33 has_topping Cheese_topping

(5) PizzaWithFiveQrhloreToppings ¥ (D) SpicyAncvegerarian_pizza NECESSARY

(E) PizzaWithThreeOrLessToppings ® (Bl Jalapeno_pizza IEl Pizza
p (©)TestPizza2 = CheesyPizza INHERITED

g:;?r?:;:i;i‘::: b (E)Fizza_base {33 has_base Pizza_base [from Pizza][ € ]

(C)Jalapeno_pizza » (C)Pizza_topping
{C) NonVegetarian_pizza
(C) TestPizzal
(C) TestPizza2

» (C)Pizza_base

» (C)Pizza_topping

|E|]]nop@ @E

v [Ofhas_base isin
(3 Pizza_base
v [O]has_topping ¢
(J) Cheese_top
(3} Pizza_toppil

Page 43
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More fun with negation

TestPizza1C (3 hasTopping Cheese)
Classify

Why isn't it a VegetarianPizza ?

Why isn't it a NonVegetarianPizza ?
TestPizza2 = (3 hasTopping Cheese)
Classify

Still the open-world assumption:

there may be some instances with only
vegetarian toppings, and some other with
also non-vegetarian toppings !!!

More fun with cardinality

Why isn't MargheritaPizza classified under
PizzaWithTwoTopings ?

Hints:

Why isn't it classified under
PizzaWithThreeOrlLessToppings ?

Why isn't it even classified under
PizzaWithFiveOrMoreToppings ?

Stanford Medical Informatics, Stanford CA ©2005 Stanford University - Reproduction Prohibited



18 July 2005 Protégé Conference Page 45

More fun with cardinality

Why isn't MargheritaPizza classified under
PizzaWithTwoTopings ?

Still... the open-world assumption:
imagine one instance of Margherita_pizza
having as topping:

one instance of Mozzarella_topping

one other instance of Mozzarella_topping

one instance of Tomato_topping

pizzaTutorial Protégé 3.0 beta (file:thome/dameron/projects/ontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

Nel “BE wa ¢ B30E 5 B BE <» < protégé
r@ OWLClasses “Em Froperties r: Forms r\@lndiuidua\s r/@ Metadata ‘

5O O B e« SERET
For Froject: @ pizzaTutorial-init For Froject @ pizzaTutorial For (Iass:@Margher\tLpizza {instance of owl.Class)
o) R S W R SR |inferred Hierarchy £ 2 Name | SameAs | DifferentFrom | [}) Annotations
) owd Thing el [Margherita_pizza |G Property

¥ (C)Domain_Entity

¥ (C) Domain_Entity
¥ (C) Self_Standing_Entity

v @ Self_Standing_Entity rdfs:comment

v (C)Pizza ¥ (C)Pizza
v (©)Named_pizza b (D) CheesyPizza = TestPizza?
(€ Margherita_pizza b () Named_pizza

(@ Americana_pizza p (C)NonVegetarian_pizza

(C)Jalapeno_pizza
» () Vegetarian_pizza

@ PizzaWithFiveQrMoreToppings
¥ (C)PizzaWithThreeOrLessToppings
¥ () PizzaWithTwoToppings

S Pt [T R P
(E) SpicyOrvegetarian_pizza b () SpicyOrvegetarian_pizza o] T O @ '.@ x v : has_base
(©) CheesyPizza b (D) TestPizzaZ = CheesyFizza P (3 Pizza_ba
(C) PizzaWithTwoToppings b (E)Pizza_base \C) Pizza (S Pizzaba
(C) PizzaWithFiveOrMoreToppings b (C)Fizza_topping /) 3 has_topping Mozzarella_topping ¥ [ has_topping
(E) PizzaWithThreeOrLessToppings |3 3 has_topping Tomato_topping =2
(C) Americana_pizza =) has_topping = 2 () Mozzarel
(D) Jalapena_pizza - NECESSARY (3 Tomato_

[©) Nam ed_pizza (3 Pizza_to}
() NonVegetarian_pizza o =i
(@) TestPizzal \3) 3 has_base Pizza_base [from Pizza 1o
(C) TestPizzaz I3 3 has_topping Pizza_topping [from Fizza
() Margherita_pizza
» (C)Pizza_base =) visjoints @

» (C)Pizza_topping C)Americana_pizzi

|C)Jalapeno_pizza
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Reasoning about spiciness

Create the SpicinessValue class
Create the hasSpiciness relation
Define SpicyPizza
Define TooSpicyPizza (pizza with only spicy
toppings)
Describe toppings' spiciness
by hand
with wizard

Reasoning makes life easier :-)

Allow to define classes by intension, rather
than extension
If you add a new named pizza in your ontology,
you don't have to worry about “is it a cheesy
pizza?”, “is it a spicy pizza?” or “is it a vegetarian
pizza?”’...
Just describe your new pizza and let the
classifier do the work for you

Explain the Finger example
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Reasoning makes life easier :-)

Supports queries such as:
What are the vegetarian pizzas ?
What are the spicy pizzas ?
What are the non-spicy pizzas ?
What are the spicy vegetarian pizzas ?

. it allows you to take advantage of the
knowledge you put into your ontology

Suspicious case:
Trivially satisfiable classes

Trivially satisfiable class: with an universal
restriction which filler is unsatisfiable

* There is probably something wrong going on
© These classes are not inconsistent

Ex: pizza AND (forall hasTopping
(Mozzarella AND Tomato))

o This is the set of pizzas with NO topping!
> Why ???
Can be detected by Protégé OWL tests
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Reasoning tips

Proceed by small incremental steps !
be cautious
classify often

Use probe classes

Use Protégé tests

to detect potential problems
to fix what can be fixed
... even develop your own tests!

Reasoning tips

Use probe classes

> Positive probes: make sure that they are
classified at the right place

> Negative probes: make sure that impossible or
abnormal situations are prevented
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18 July 2005 Protégé Conference Page 49

Reasoning Good Practice (2)

Asserted Vs. Inferred hierarchies: represents
what the ontology should look like, not how it
was built

maintain a version with probes and export a
“clean” version without probes

maintain the asserted version; export the
classified one

Individuals
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Reasoning with individuals

Goal

Either use “compute individuals belonging to
class” (right-click on the class name) or use
the API

Can be tricky when you need to use closure
Still incompletely supported by reasoners

ElpizzaTutorial Protégé 3.0 beta (file:thome/dameron/projectsfontology/owl/pizzaTutorial.pprj, OWL Files (.owl or .rdf)
File Edit Project OWL Code Window Help

Nel B0 ma 9% Bk 6 B BE 9> <§pm:§gé

r@ OWLClasses “Em Froperties r/ = Forms r\§>>lndiuidua\s r/@ Metadata ‘

For Project: 4@ pizzaTutorial-init For Class: (C) Pizza For Individual @ol\wer’Pizza (instance of Pizza)
Class Hierarchy NAME v ' @ X |[ Name [SameAs | DifferentFrom | [J Annotations 0
{©) owt:Thing |«| |z> olivierPizza [olivierpizza [+ Property Value
¥ (C) Domain_Entity
¥ (C)Self_Standing_Entity rdfs:comment
¥ (©)Pizza (1)

p (C)Named_pizza

b (C)Vegetarian_pizza

» (C)Spicy_pizza
@Sp\cyAndVegetar\an,p\zza
) SpicyOrvegetarian_pizza »
gcme;ypuzza has_base & -IP @«
(C) PizzaWithTwoToppings
@PizzawithiveOrMcreTopping
() PizzaWithThree OrLessToppin|

has_topping \3> .|£> \£>=

(L) Americana_pizza k- tomatol
(E)Jalapeno_pizza > mozzarellal
@NonVegetar\an,pizza

(L) TestPizzal

(C) TestPizza2

(C) Margherita_pizza

() Pizza_base

(E) Pizza_topping

¥ (L) Cheese_topping
(C) Mozzarella_topping (1)
(C) Parmesan_topping

» (L) Fish_topping

» (L) Meat_topping

¥ (C)Vegetable_topping
() Mushroom_topping
(L) Olive_topping —

< S H’\: 7l — ol
[ Ho | & & &

4V
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RdpizzaTutorial Protégé 3.0 beta

File Edit Project OWL Code Window Help
ODed B0 mad W <@prorégé

() oWLClasses || [F][] Properties | = Forms | . Individuals | @2} Metadata | [ script Console |

® Python () Perl () BeanShell () Groowy () Ruby

Welcome to the Protégé shell

s3> print kb.getOWlIndiwidual ("olivierPizza"). getROFTypes()
[C1s(Pizza, FramelD{1:10133))]

s

Page 51

File ¥iew Bookmarks Resource Holder

O[C=1[ES)

4 | ‘ =:|Acmress |h||p # fwinsaoond-ontologies com funnam ed owtdolivierPizza

|Y‘

- cotapse]] new] Reona [ ramove|

[ Debug [] shawlinherited [ ]Advanced [] Editable

unnamed.ovd
Concise Format |~ Abstract Syntax | Natural Language | RDF /ML

[ Turtie|

0WL-Individual: unnamed:olivierPizza

Instance of:
vnnamed CheesyPiria

Object Assertions:
unhamed:has_topping : uhhamed:mozzarellal
unnamed:has topping : unhamed:tomatal

how Imports QMames
Class Tree | Property Tree | List

Show All B

T URRam e arapent_Toppig Y

unnamed-Margherita_pizza
(C) unnamed:Meat_topping

F:' unnamed:mozzarellal

G unnamed:Mozzarella_topping

G unnamed:Mushroom_topping

G unnamed:Mamed_pizza

G unnamed:MonWeaetarian_pizza

G unnamed:Monvegetarian_topping

G unnamed:Qlive_topping

<Z> unnamed.olivierfizza

%

(C) unnamed:Onion_topping

(C) unnamed:Parm esan_topping

(C) unnamed:Pepper_topping

(C) unnamed:Pepperoni_topping

(C) unnamed:Pizza

(C) unnamed:Pizza_base

(C) unnamed:Pizza_topping

(C) unnamed:PizzaWithFiveOrMare Toppings
(C) unnamed:PizzaWithThreeOrLessToppings
(C) unnamed:PizzaWithTwoToppings

(C) unnamed:RedPepper_topping

(C) unnamed:salami_topping

|| Loakup | [ Match word
=
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Best Practice
(or at least not-so-bad)

Common mistakes

Confuse AND and OR (e.g. pizza with
cheese and pepper)

Forget disjointness
Forget closure

Interference from relationships' domain and
range

Confusion between (3 r FA) and (3 rA)
e.g. (3 hasChild [ Male) VS [ (3 hasChild Male)
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Best practice

One type of restriction by granularity level:
Meat Noppihg
Spic f Topping

Meat Topping

Beef Topping
Spicy Beef

Best practice

All siblings at the same granularity level:
Pizza Topping
Vegetable Topping

Fish Topping
Anchovy Topping
Salmon Topping

Cheese Topping

Mozzarella
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Best practice: transitive properties

» Always make a non-transitive subproperty of
a transitive property.

* Use the latter

has Part (+)

has Direct Part
has Ingredient

Covering

Beware of the open-world assumption!

When your taxonomic decomposition is
exhaustive, define (=) the more general as
the union of the specifics

If the specifics are mutually exclusive, flag
them as disjoint
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Value partition

The preferred approach is by a partition of
classes (cf SpicinessValue)

Philosophically sound
Extensible

You could also use enumerations of
individuals (e.g. Sex = {male; female})

Not extensible
Doesn't support multiple partitions of the domain

Inverse of relationships

e Creation

* Modeling
part necessary to the whole
Body subclassOf (&~ hasDirectPart Brain)
part optional to the whole
Body subclassOf (3< hasDirectPart (Hand U ...))
whole necessary to the part
Brain subclassOf (¢~ isDirectPartOf Body)
whole optional to the part
Cell
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Composing ontologies

Putting it back in the Semantic Web context
modularity
semantic interoperability

Whenever possible, refer to an upper-level
ontology

SUMO
BFO
DOLCE
Avoiding ambiguity: namespaces

Summary
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Summary

« Compositional approach
 Intensional description
« Reasoning

© classification

¢ open-world assumption
© inconsistency
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