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01 Web Ontology Language - OWL

Open HPI Course: Knowledge Engineering with Semantic Welb Technologies
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OWL - Web Ontology Language ﬂ Hasso

o OWL (SHOIN(D))- W3C Recommendation since 2004
e OWL 2 (SHRO1Q(D))- W3C Recommendation since 2009

e an OWL Ontology consists of
e classes / properties / individuals (instances of classes)

e Open World Assumption
* ,Absence of information must not be valued as negative information.”

e £E.g.:sitsNext To( PersonA, PersonB)
PersonA may also sit next to another person...

* No Unique Name Assumption
o Difference must be expressed explicitly®
e £.9.: Per sonA possibly denotes the same individual as Per sonB

Donnerstag, 12. Juni 14



OWL - Web Ontology Language

e OWL is a semantic fragment of FOL

e OWL1 exists in different flavors
e OWL Lite ¢ OWL1 DL ¢ OWL1 Full

FOL

/ \OWLl

SWRL/RIF _ OWLFulI

OWL Lite RDFS

N AR

Concept
Hierarchies
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OWL1 DL is based on SHOTN(D) ﬂ Hasso

e Axioms
e TBox: subclass relationships C c D (H)
e RBox: subproperty relationships R € S (H),
inverse properties R (1), transitivity C+ (S)

e ABox: facts for classes C( a) , properties R( a, b) ,
equality a=b, difference a=b

e Class constructors:
e conjunction CnD, disjunction CuD, negation =C of classes

e property restrictions: universal vR. C and existential IR. C

e number restrictions: =n Rand =zn R (N)
e closed classes (nominals): {a} (O)

e Datatypes (D)

Donnerstag, 12. Juni 14
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OWL - Web Ontology Language ﬂ Hasso

e OWL is a semantic fragment of FOL
e OWL1 exists in different flavors
e OWL Lite ¢ OWL1 DL < OWL1 Full

FOL
e for OWL 2: / K\OWLZ
e OWL EL, OWL RL, OWL QL SWRLRRIF OWL Full
c OWL2DL ¢ OWL2 Full T F A

_ OWL DL

OWL EL

OWL RL RDFS

OWLQL _ /77
\ Concept

Hierarchies
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OWL2 DL is based on SHRO1Q(D)

g Class Expressions
e Class names A,B
e Conjunction C n D
e Disjunction C u D
e Negation =C
e EXist. property restriction 3R.C
e Univ. property restriction vR.C
e Self 3S.Self
e Greater-than 2n S.C
e _ess-than =n S.C

* Enumerated classes {a}

Properties

e Property names R,S, T
e Simple properties S, T
e [nverse properties R
e Universal property U

Hasso
Plattner
Institut

Thox (Class axioms)
e InclusionC C D
e Equivalence C = D

Rbox (Property Axioms)

e Inclusion R1 C R>

e General Inclusion RO e RGO 50 RO, C R
e Transitivity

e Symmetry

e Reflexivity

e [rreflexivity

e Disjunctiveness

Abox (Facts)

e Class membership C(a)

e Property relation R(a,b)

e Negated property relation -S(a,b)
e Equality a=b

* Inequality a#b

Knowledge Engineering with-Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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OWL Syntax Variants

e OWLZ2 can be represented in different Syntax variants
* Functional Syntax: substitutes abstract syntax of OWL1
e RDF-Syntax: extension of existing OWL/RDF
e XML-Syntax: independent XML serialisation

e Manchester-Syntax: machine readable syntax,
esp. for ontology editors (e.g. Protége)

* Turtle: optional
e Functional Syntax is easy to define, no RDF restrictions, more compact

e RDF-Syntax important for compatibility issues
e Turtle: simple and efficient to write...

Donnerstag, 12. Juni 14
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OWL2 - Turtle Syntax - Example ﬂ Hasso

HappyPer son = vhasChi | d. HappyPer son n 3hasChi | d. HappyPer son

. HappyPerson a ow : C ass ;
ow : equi val ent C ass |
a ow : d ass ;
oW :intersectiont ([ a ow:Restriction ;
ow :onProperty :hasChild ;
ow : al | Val uesFrom : HappyPerson |
| a oW :Restriction ;
ow : onProperty :hasChild ;
ow : soneVal uesFrom : HappyPer son |

Donnerstag, 12. Juni 14
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OWL2 - RDF/XML Syntax - Example

HappyPer son = vhasChi | d. HappyPer son n 3hasChi | d. HappyPer son

<?xm version="1.0"?>
<rdf:RDF xm ns=...>
<ow : Obj ect Property rdf:about="http://exanple.org/turtl e#hasChild"/>

<owW : C ass rdf:about="http://exanple.org/turtl e#HappyPer son" >
<ow : equi val ent Cl ass>
<ow : Cl ass>
<oW :intersectionO rdf:parseType="Coll ection">
<ow : Restriction>
<oW : onProperty rdf:resource="http://exanple.org/turtl e#hasChild"/>
<owW : soneVal uesFrom rdf: resource="http://exanple.org/turtl e#HappyPer son"/ >
</ow : Restriction>
<oW : Restriction>
<oW : onProperty rdf:resource="http://exanple.org/turtl e#hasChild"/>
<owl : al | Val uesFrom rdf: resource="http://exanple.org/turtl e#HappyPerson"/ >
</ow : Restriction>
</ow :intersectionC>
</ow : Cl ass>
</ ow : equi val ent d ass>
</ow : C ass>
</ r df : RDF>

Donnerstag, 12. Juni 14
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Institut

Standard Namespaces and Prefixes ﬂ A

Prefix name Prefix IRI

rdf:

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

rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
xsd: <http.//www.w3.0rg/2001/XMLSchema#>
owl: <http.//www.w3.0rg/2002/07/owl#>

Donnerstag, 12. Juni 14

(cf. http://www.w3.org/TR/owl2-syntax/ )

prefix.cc

namespace lookup for RDF developers

foaf | look up

examples: foaf foaf:knows dc,foaf rdfs,dc,foaf,geo.spargl http://xmins.com/foaf/0.1/name

popular latest about | prefix.cc

http://prefix.cc/
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OWL - Classes, Properties and Individuals A

e Ontology axioms consist of the following three building blocks:

e Classes
ecomparable with classes in RDFS

e Individuals
ecomparable with objects in RDFS

 Properties
ecomparable with properties in RDFS



Hasso

Plattner
Inctitut

OWL - Classes

e there exist two predefined classes

e oW : Thi ng (class that contains all individuals) T

e oM : Not hi ng (empty class) |

e Definition of a class

: Book a ow : C ass .
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OWL - Individuals

e Definition of individuals via class memlbership

. Nl net eenkl ght yf our a : Book .

Book( NIl net eenEi ght yf our)

¢ |ndividuals can also be defined without direct class
membership as named entity

- Har al dSack a ow : Nanedl ndi vi dual
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OWL - Properties

* there exist two property variants:
® Object properties
e datatype properties

* Object properties are defined like classes

author a ow : Obj ect Property .

e Domain and Range of object properties

author a ow : ObjectProperty ;
rdf s: donai n : Book ;
rdf s:range :Witer

 ———— R —C
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OWL - ObjectProperties

e Domain and Range of object properties

author a ow : Obj ect Property ;
rdf s: donai n : Book ;
rdf s:range :Witer

e in DL domain and range can be defined in the following way:
e Domain: 3aut hor. T £ Book

e Range: T C vauthor.Witer
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OWL - DatatypeProperties

e Datatype properties have datatypes as range

- publicationYear a ow : Dat at ypeProperty .

* Domain and range of datatype properties

. publ i cati onYear a ow : Dat at ypeProperty ;
rdf s: domai n : Book ;
rdf s: range xsd: I nteger

e Many XML datatypes can be used.

Jpubl i cationYear. T C Book
T C vpublicationYear. | nteger



OWL - Properties and Individuals

31l Hasso
| Plattner
Inctitut

: Book a ow : Cl ass .
Witer a ow : Cl ass .

. GeorgeOrwell a Witer

cauthor a ow : ObjectProperty ;
rdf s: domai n : Book ;

rdf s:range :Witer

. publicationYear a ow : Dat atypeProperty ;
rdf s: domai n : Book ;
rdf s: range xsd: I nteger

. Nl net eenkl ght yFour a : Book ;

caut hor : GeorgeOrwel |l
. publ i cati onYear 1948 .




OWL - Properties and Individuals

31l Hasso
| Plattner
Inctitut

* Properties in general are not functional

:Genre a ow : Cl ass .

Political Fiction a : Genre .
' ScienceFiction a : Genre .
- DystoplianFiction a :Genre .

literaryGenre a ow : Obj ect Property ;
rdf s: donai n : Book ;
rdf s:range :CGenre .

. Nl net eenkl ght yFour a : Book ;

literaryGenre :Political Fiction ;
|teraryGenre : ScienceFiction |
|teraryGenre : DystopianFiction .
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OWL - Class Hierarchies

: Novel a ow : C ass
rdf s: subCl assOf : Book .

: Book a ow : C ass :
rdf s: subCl assOF : Wrk .

Wrk a ow : d ass .

Novel C Book
Book C Wor k

e via inference it can be entailed that ,Novel “ is also a subclass of ,Wbr k*
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OWL - Class Hierarchies and Disjunctiveness ﬂ

: Book a owl : C ass .
Witer a ow : Cl ass .
: Novel a ow : Cl ass ;
rdf s: subC assOf : Book .
: Poet a ow : d ass ;
rdf s: subCl assOF : Witer

. Book ow :disjointWth :Witer

Novel C Book
Poet C Witer
Book m Witer C 1

e via inference it can be entailed that ,Novel “ and ,Poet “ are also disjoint
classes.
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OWL - Class Hierarchies and Disjunctiveness ﬂ

e OWL provides a shortcut to define several classes to be disjunctive

[] a oW : All D sjointd asses ;
ow : nenbers
( : Book
- Witer
: Veget abl e
. Furniture
. Car )
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OWL - Class Hierarchies and Equivalence ﬂ

Witer a ow : Cl ass .
. Aut hor a ow : Cl ass .
: Poet a ow : d ass ;
rdf s: subCl assOF : Witer
- Witer ow :equival ent C ass : Aut hor

Poet C Witer
Witer = Aut hor

e via inference it can be entailed that ,Poet “ is also an ,Aut hor “
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OWL - Individuals

. Nl net eenkl ght yfour a : Novel ;
caut hor : GeorgeOwell ;
. publ I cati onYear 1948 ;
ow : saneAs : ARX012345 .
: Novel a ow :d ass ;
rdf s: subd assOF : Book .
: Book a ow : d ass.

e via inference it can be entailed that ,ARX012345“ is a ,Book*

e Difference of Individuals via ow : di f f erent Fr om

: ARX012345 a : Novel
oW :different From : ARX012346 .

L e——— m————
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OWL - Individuals

e OWL provides a shortcut to define several individuals to be different

[] a oWl:AllDfferent ;
ow : di sti nct Menbers
(: Nl net eenkEl ght yf our
. Anl mal Farm
. BraveNewWor | d
. SI mul acr onb)
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OWL - Closed Classes (Nominals) H Plnioer

Institut

: Novel a owl : d ass ;
' Anl mal Farm a : Novel .
. NIl net eenkl ght yf our a : Novel

: Novel sInStore a ow : Cl ass ;
ow : oneX
(: Ani mal Far m
. Nl net eenkEl ght yf our)

Novel sl nStore C {Ani nal Farm
NI net eenkEi ght yf our }

e [his says that there are only two novels available in the store.

Donnerstag, 12. Juni 14



OWL - Logical Class Constructors

*|ogical AND (conjunction): ow : I ntersecti onO M

*|ogical OR (disjunction):  ow : uni onO |

*|ogical negation: ow : conpl enent & -

e | ogical constructors are applied to create complex class
descriptions from atomic classes.

Donnerstag, 12. Juni 14



. Hasso
OWL - Logical Class Constructors ﬂ Plattner

Institut

Booksl nSt or e

Thi ngsl nSt ore n Books

. Book a owl : Cl ass .
- Thi ngsl nStore a ow : C ass .

- Booksl nStore a ow : C ass ;
ow i1 ntersectionO (:Book : ThingslnStore)

e The class “Booksl| nSt or e” results from the intersection of all
individuals of the classes “Thi ngsl nSt or e* and “Book*

Donnerstag, 12. Juni 14
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Book = Novel u Poetry u Nonfiction

. Book a ow : C ass ;
ow : equi val ent Cl ass |

ow : uni onOf ( : Novel
. Poetry
: NonFi ction )

e Novels, poetry, and non-fiction are also books

Donnerstag, 12. Juni 14
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Book C -WIiter

. Book a owl : C ass ;
rdf s: subd assOF |
oW :compl enent O :Witer

—

e semantically equivalent assertion:

: Book a ow : C ass
ow :disjointWth :Witer

Donnerstag, 12. Juni 14



OWL - Property Restrictions E Elaaﬁr(:er

Institut

e are used to describe complex classes via properties

e restrictions on values:
e oW : hasVal ue
e oW : al | Val uesFrom

e oW : soneVal uesFrom

e restrictions on cardinality:
eoW :cardinality
eowW . mnCardinality
e oW : maxCardinal ity

Donnerstag, 12. Juni 14
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O wel | sBooks € aut hor. (GeorgeO wel |)

OWL - Property Restrictions with Constants ﬂ

O wel | sBooks a ow : C ass ;

rdf s: subCl assOf

| a oW :Restriction ;
ow : onProperty :author ;
owl : hasVal ue : GeorgeO wel |

e Class ,O wel | sBooks*“ is described via fixed value
assignment (=constant) of the individual
,ceor geOr wel | “ to the property ,,aut hor “

Witer a ow : C ass .
: Book a ow : Cl ass .

. GeorgeOrwel |l a :Person .

caut hor a ow : Obj ect Property ;
rdf s: domai n : Book ;
rdf s:range : Witer .

Donnerstag, 12. Juni 14
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OWL - Property Restrictions ﬂ Hasso

e oW : al | Val uesFrom
fixes all instances of a specific class C as allowed range for
a property P = (Universal Quantification) vP. C

Poetry C vaut hor. Poet

. Poetry a ow : C ass ;
rdf s: subC assOf

| a oW :Restriction ;
ow : onProperty :author ;
ow : al | Val uesFrom : Poet

|

: Poet a ow : C ass .
rdf s: subCl assOf :Witer .
. Poetry a ow : Cl ass

rdf s: subCl assOf : Book .

caut hor a owl : Qbj ect Property ;
rdf s: domai n : Book ;
rdf s;:range :Witer .

Donnerstag, 12. Juni 14



OWL - Property Restrictions

e oW : sonmeVal uesFrom
describes that there must exist an individual for property P and fixes
its range to class C

— (existential quantification) aP. C
Reader C 3r eads. Book

: Reader a owl : C ass ;
rdf s: subC assOf
[ a ow : Restriction ;
ow : onProperty :reads ;
ow : soneVal uesFrom : Book

]

: Reader a ow : Cl ass .
: Book a ow : Cl ass .

. reads a ow : Qbj ect Property ;
rdf s: donmai n : Person ;

rdf s: range : Readi ngMaterial .

Donnerstag, 12. Juni 14
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OWL - Cardinality Restrictions ﬂ Plattner

Institut

e oW : cardi nal I ty restricts to an exact number

eoWM:mnCardinality, ow:nmaxCardinality
restricts to upper / lower bounds

Tetral ogy C (=4)hasVol unes

. Tetral ogy a ow : d ass ;
rdf s: subC assO

| a oW :Restriction ;
ow : onProperty :hasVol unes ;
ow :cardinality 4

]

: hasVol unes a owl : Dat at ypeProperty ;
rdf s: domain : Thi ng ;
rdf s: range xsd:integer .

Donnerstag, 12. Juni 14
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Hasso
Plattner

OWL - Property Relationships ﬂ
Institut

* Property hierarchies can be created via specializations:
rdf s: subPropertyO

* Inverse properties are defined via ow : 1 nver seO

e |dentical properties are defined via
ow : equi val ent Property

1 sMaded a ow : Obj ect Property ;
rdf s: subPropertydf :consistsO

. reads a ow : Qbj ect Property ;
ow : 1 nverseO :1sReadBy .

| sMadeOrX C consi stsOf

reads- = |1 sReadBy
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OWL - Property Relationships ﬂ Egﬁger

Institut

e0oW : TransitiveProperty
eE.g.:ifisPartOf (a, b) andisPart O (b, c) then
it holds that1 sPart O (a, c)

eOoW : Symmetri cProperty
eE.g.:if 1 sSNel ghbor O (a, b), then it holds that
| SNel ghbor O (b, a)

eoW : Funct i onal Property

eE.g.: if hasMot her (a, b) and hasMot her (a, c),
then it holds that b=c

oW : | nver seFuncti onal Property
eE.g.:ifisMot her O (b, a) andi sMot her O (¢, a)
then it holds t hat b=c

Donnerstag, 12. Juni 14
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cns . Hasso
OWL - Transitive Properties ﬂ Plattner

Institut

.1 sPubl i shedBefore a ow : Obj ect Property ;
a owm: TransitiveProperty ;
rdf s: domai n ow : Book ;
rdf s: range ow : Book .

. Ani mal Farm a ow : Book ;
.1 SPubl 1 shedBef ore : N net eenEl ght yf our

: BraveNewwrl d a : Book :

| SPubl i shedBefore :Animal Farm .

evia inference it can be entailed that ,Br aveNewWobr | d“ has also been
published before ,Ni net eenEi ght yf our “.
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H
OWL - Property Relationships ﬂ Plattner

Institut

¢ |n addition there are also

e Asymmetric properties viaow : Asynmmet ri cProperty

e E.g.:ifitholdsthati sLeft O (a, b) then it is not
possible that also | sLeft O (b, a)

e Reflexive properties via ow : Ref | exi veProperty

e E.g.:1sRel at edTo( x, Xx)
e Irreflexive propertiesviaow : I rrefl exi veProperty

e Eg..ifIl sParent O ( X, y) then x=zy
T C —-3R Sel f
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OWL Properties and Relations ﬂ Piatiner

Institut

e OWL offers the Definition of disjunctive properties

e Two properties Rand S are disjunctive, if two individuals
X, Yy are never related via both properties

- hasParent a ow : Obj ect Property ;
oW : propertyDi sjointWth :hasChild .

e Shortcut for several disjunctive properties

[] rdf:type owl : All D sjointProperties ;
oW : nenbers ( :hasParent :hasChild :hasG andchild )

T, W
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OWL Properties and Relations ﬂ Plattner

Institut

e OWL defines a universal and empty property as counterparts for
top and bottom classes:

e oW : t opChbj ect Property
relates each potential pair of individuals, superclass for object
properties

e oW : bott onmObj ect Property
connects no individuals, subclass of all object properties

e oW : t opDat at ypeProperty
relates all individuals with all typed literals, superclass for all datatype
properties

e oW : bott onDat at ypeProperty
connects no individual and no typed literal, subclass of all datatype
properties
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OWL 2 Qualified Number Restriction ﬂ nasso

Institut

e OWL enables class constructors with number restrictions on properties
connected with a range constraint

e £.0.: SuccessfulAuthor £ =1 notable\Work.Bestseller

: Successful Author a ow : C ass:;
rdf s: subd assO |
a ow : Restriction ;

ow : onProperty :notabl eWrk ;

ow :mnQualifiedCardinality *“1*~"xsd:nonNegati vel nteger;
ow : onCl ass : Bestseller |

’ _— S

e oM : maxQual i fi edCardinality,
oW : mnQualifiedCardinality, ow:qualifiedCardinality
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OWL Reflexive Property Restriction ﬂ D

Institut

e OWL enables the definition of classes that contain individuals that are
related to themselves for specific properties

. Phi | osopher a ow : C ass ;
rdf s: subd assO |
a ow : Restriction ;
oW : onProperty :knows ;
oW : hasSel f “true“””"xsd: bool ean ]

| — E—

Philosopher C knows.self
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OWL Negated Property Instantiation ﬂ Piatiner

Institut

e OWL also enables to express that two individuals are NOT related via a
given property

e £.g...11 sBrot her (GeorgeOr wel | , Al dousHux! ey)

[] rdf:type ow : negativePropertyAssertion ;
ow : sour cel ndi vi dual : GeorgeO wel |
owl : assertionProperty :i1sBrother ;
owl : target!|ndividual :A dousHuxl ey .
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o H
General Role / Property Inclusion ﬂ Plattner

Institut

eComplex Roles / Properties can be constructed from simple
roles / properties (R-Box)

o The friends of my friends are also my friends. "

® can be expressed as transitive property

*But: ,The foes of my friends are also my foes."

* cannot be expressed in that way

* |n FOL expressed as a rule (axiom):
*vX, VY, z: hasFriend(x,y)AhasFoe(y,z) » hasFriendsFoe(x, z)

hasFriend/ ‘

s

hasFoe
Py !

W

&
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o H
General Role / Property Inclusion ﬂ Plattner

Institut

« SHRO1Q(D) enables the construction of arbitrary complex roles
via General Role/Property Inclusion

General Property Inclusion

e R-Box expressions of the form RieRoRsze
e.g.:. hasFriend - hasFoe C hasFri endsFoe

® Semantics: if ( Xo, X1) eRd!, (X1, X2) eR! . (Xn-1, Xn) Ryl
then it also holds that ( Xo, Xn) €S

E.g.: (Xo, X1) ehasFri end! and ( X1, X2) ehasFoe!,
then it also holds ( Xo, X2) ehasFri endsFoe!

/ BUT: OWL with general property inclusion in UNDECIDABLE !

M\
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Plattner
Institut

Restriction to Regular RBoxes ﬂ Hasso

e Can property inclusion be restricted in some way to stay decidable”?

* Rboxes are like grammars for context-free languages

* |ntersection of context free languages is problematic (undecidable)

* Therefore restriction to regular languages!

Regular RBoxes
® Property names are ordered with < (strict partial Ordering).

e Each RBox Inclusion must must be formed like:

eR.RLC R
eR C R
©S1o S0 Sge . oS C R

e\Where: S5 < Rforalli=1,2,...,n
e An RBox is called regular, if such an (strict) Ordering < exists.

*R o 510 S0 S 0o Sh ER
©S; 0o Sp0 Sz 0S5 o RCR
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Regular RBoxes - Examples ﬂ Piattner

Institut

e Example:
R SCR SHes LS R’ S odRREN=S
IS regular with orderingS < R < T

e Example:
[RECER [ & "L Ty
IS not regular (nhot allowed inclusion)

e Example:
RS S "C S S._ot RIFE-SIR
IS not regular (no valid ordering possible)
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Hasso
Plattner
Institut

Regular RBoxes - Examples (2) ﬂ

e Example:
nasParent o hasHusband C hasFat her
naskFat her C hasPar ent

* s not regular because regularity would enforce

both
hasPar ent < hasFat her

and
hasFat her < hasPar ent

which is impossible because < must be strict
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« g . . Hasso
Restrictions for simple Properties ﬂ Plattner

Institut

» Simple properties in SHOIN(D) are properties without transitive
subproperties

o In SHROIQ(D) general property inclusion has to be considered

Simple Properties
® are all properties that
® are not on the right side of a property inclusion,
® are the inverse of other simple properties,
e are only on the right side of property inclusions R C S,

where on the left side is a simple property

o

® Non-simple properties are properties that are directly (or indirectly)
dependent of property chains ()
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Hasso
Plattner
Institut

Restrictions for simple Properties ﬂ

* The following expressions are permitted ONLY for simple
properties:

e=n R Cand=z=n R C(qualified number restriction)
® [rreflexive properties

® Disjunctive properties

e JR Sel f

e =R( a, b)

® Reason: Saving Decidability
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HIdB Hasso

General Role / Property Inclusion Plattner
Summary
e To ensure decidability the following structural restrictions must hold
or SHROIQ(D):

* Regularity:
Restriction of potential interaction of RBox axioms

e Simplicity of properties:
Restrictions of how to apply properties iIn numlber restrictions

e [Therefore a number of restrictions arise for the overall structure of the
kKnowledge base that have to be considered for all axioms.
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: H
OWL 2 General Property Inclusion E Plattner

Institut

e OWL 2 enables property chaining (general property inclusion)

. hasFri endsFoe a ow : Cbj ect Property ;
owl : PropertyChai nAxi om ( :hasFriend : hasFoe )

e Not allowed for datatype properties

&

hasFriend hasFoe
>F =y

Donnerstag, 12. Juni 14
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OWL 2 Overview

Class Expressions Thox (Class axioms)

e Class names A,B e InclusionC C D

e Conjunction C n D e Equivalence C =D

e Disjunction C u D

* Negation -C Rbox (Property AXxioms)
e Exist. property restriction 3IR.C e Inclusion R1 C R>

e Univ property restriction vR.C e General Inclusion RO o R g0
e Self 3S.Self e Transitivity

e Greater-than 2n S.C e Symmetry

e Less-than =n S.C e Reflexivity

* Enumerated classes {a} e Irreflexivity

e Disjunctiveness

Properties

e Property names R,S, T
e Simple properties S, T
e [nverse properties R
e Universal property U

Abox (Facts)

e Class membership C(a)

e Property relation R(a,b)

e Negated property relation =-S(a,b)
e Equality a=b

* Inequality aZb
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OWL - Web Ontology Language

e OWL is a semantic fragment of FOL
e OWL exists in different flavors
e OWL2 EL, OWL2 RL, OWL2 QL ¢ OWL2 DL < OWL2 Full

OWL2 Full undecidable

OWL2 DL SHR01Q(D) 2NExpTimeComplete

OWL2 RL OWL2 EL Er++ PTimeComplete
OWL2 QL DL-Lite ACo
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The Role of Rules ﬂ A

Institut

e The Semantic Web concentrates on declarative forms of
knowledge representation

e OWL, RDFS

e Rules are a common form of procedural knowledge
representation in Knowledge Engineering

e Expert Systems
e Prolog, CLIPS, JESS, OPS, ...

e Knowledge representation formalisms of the Semantic Web have
expressive limitations which can be overcome by rule-based
knowledge

® c.g. composition of complex classes from classes and properties
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Hasso
What are Rules? E Plattner

Institut

IlF A.... THEN B ....

e [nterpretation of a rule depends on context

e (General Inference:
Premise — Conclusion

e Hypothesis:
Cause — Effect

e Production:
Condition — Action
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Plattner
Institut

What are Rules? ﬂ Hasso

eLogical Rules (FOL implication):
oF » G isequivalent with =F v G
e ogical extension of the KB (static)
e Open World, declarative

e Procedural Rules (e.g. Production Rules):
olf X then Y else Z
e executable machine instructions (dynamic)
e operational (semantics = effect at application)

eLogic Programming Rules (e.g. Prolog, F-Logic):
e woman( X) <- person(X) AND NOT man( X) “
e Approximation of logical semantics with operational aspects
e Closed World (mostly), semi-declarative
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Hasso
FOL as Rule Language ﬂ Plattner

Institut

eRules as FOL implications (Horn Clause)

AT AN Ao AN . . NA - H
N ——— p——— N
Body — Head

e semantically equivalent with

-A1 V-A V. . . VvV A, vV H

ewhere A, Hare atomic formulas

e Quantification most times ommitted, free variables are
considered to be universally quantified

e|.c. the rule holds for all possible assignments

Donnerstag, 12. Juni 14



FOL as Rule Language WJ E@ﬁger

Institut

eRules as FOL implications (Horn Clause)

H « AiANAA. . . ANA
O \——p—
Head « Body

S — ————— f

often written from right to left ( « or :- )

e semantically equivalent with

-A1 V 2 V .SV =G VEEH

ewhere A, Hare atomic formulas

e Quantification most times ommitted, free variables are
considered to be universally quantified

e|.c. the rule holds for all possible assignments

Knowledge Engineering with Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Universitat Potsdam
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. Hasso
Variants of FOL Rules E Plattner

Institut

eLloyd-Topor Transformation

e Several atoms in the head are usually considered as conjunction

AL Ao. .. An » Hi H. .. Hno

| e—— R —

eis equal to

Al Ap. .. A » Hh
A1 Ao... A » Hb

A Ao...An » Hnm
ethis transformation is called Lloyd-Topor Transformation
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. Hasso
Variants of FOL Rules ﬂ Plattner

Institut

e Disjunctive Rules

e Disjunction of several non-negated Atoms

AiLAAA...AAn @ HivH2vVv. ..V Hnm
————————— e pr——

Body Head

ereverse Implication, as e.g.
,If | see someting, then the light is on or the sun is shining”
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Variants of FOL Rules

o FOL Rules
eClause:

eHorn Clause:

—|pV—|qV.
P A g AN .

Disjunction of atomic formulas
or negated atomic formulas

Clause with at most one
not negated atom

v ot VvV U can be written as
At > U

e Definite Clause:

eFact:

Donnerstag, 12. Juni 14

Clause with exactly one
not negated atom

Clause of a single
not negated atom

Hasso
Plattner
Institut



. Hasso
Variants of FOL Rules Plattner

Institut

e Examples

Person(x) » Wman(x) v Man(X) gause)

I\/Hn(X) A hasChi | d(X, y) -» Fat hel’(X) (definite clause)

hasBr ot her (not her(x),y) - isUncle(Xx,Yy)

(with function symbol)

Man(x) A Woman(x) - (horn clause)

Woman( Anj a)  (sac)

e Semantics of rules complies to FOL semantics
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.« g . Hasso
Description Logics vs. Rules ﬂ Plattner

Institut

e Rules are usually considered to apply only to known
constants.

e No possibility to ,create” new things ,on the flight”
by using existential quantification 3

Hunan C 3hasPar ent . Hunan

e|f rules are considered FOL formulas, then combining rules
with ALC leads to undecidability.

e\/Vhat about decidable FOL-Rules....?

. ~ DATALOG
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DATALOG ﬂ s

Institut

e is a logical rule language that consists of
e horn clauses without function symbols

® conjunction, constants, universally quantified variables,
predicate symbols

® NO disjunction, no negation, no existential quantification,
no function symbols

e originally developed as foundation of deductive databases

e Knowledge Bases (Datalog Programs) are sets of horn clauses
(without function symbols)

e DATALOG is decidable and computationally efficient, ExpTime
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DATALOG - Syntax

e DATALOG Term:

e DATALOG Atom:

e DATALOG Rule:

e DATALOG Program:

Donnerstag, 12. Juni 14

Hasso
Plattner
Institut

constant ¢ or variable v

p(t 1407 - Jk t n)
with predicate p,
termsty, ..., In

VX1...VXn ( BiA. .. ABr»H)

with Bq, . . ., Bh, Hatoms and
X1, . .., XpVvariables

set of DATALOG rules



DATALOG

—xamples

Hasso
Plattner
Institut

(1) Veget ari an(x) AFi shProduct (y) -» dislikes(x,yYy)

(2)oro

(3)ord

er ec

er ec

Di s
D s

N( X, Yy) Adi sl |

N(xX,y) » Ds

Kes(X,y) - Unhappy(x)

(y)

(4)dislikes(x,z)ADish(y) Acontai ns(y, z)~» dislikes(x,y)

(5)~» Vegetarian(Mtthi as)

(6) Happy(x) A Unhappy(x) -

e DATALOG Rules allow mixing classes and relations (i.e. unary and binary

predicates)

e therefore it can be more expressive than DL

e A combination of DATALOG and OWL is the SWRL Language
(not subject of this course)
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Hasso
Plattner
Institut

SWRL - Semantic Web Rule Language

B family.swrl Protégé 3.3 beta  (file:\C:\Development\SWRL \kbs\family.swrl.pprj, OWL / ... [= |[B]X]
File Edt Project OWL Code Tools Window Help

NG 4806 x5 9 Mol 4 p»

| @ Metadeta (ontology) |~ OWLClasses | WM Properties = 4 Individuals | = Forms &=

SWRL Rules

| Expression
Def-hasAunt :; hasParent(?x, 7y) A hasSister(?y, 7z) = hasAunt(7x, 72)
Def-hasBrother = hasSibling(?x, 7y) A Man(?y) = hasBrother(?x, 7y)
Def-hasDaughter -’, hasChild(?x, 7y) A Woman(?y) — hasDaughter(?x, 7y)
Def-hasFather = hasParent(?x, 7y) A Man(?y) = hasFather(?x, 7y)
Def-hasMother =¥ hasParent(?x, 7y) A Woman(?y) = hasMother(?x, ?y)
Def-hasNephew =¥ hasSibling(?x, 7y) A hasSon(?y, 7z) = hasNephew(?x, 72)
Def-hasNiece — hasSbling(?x, ?7y) A hasDaughter(?y, 7z) — hasNiece(?x, 72)
Def-hasParent —* hasConsort(?y, 7z) A hasParent(7x, ?7y) — hasParent(?x, 7z)
'Def-hasSibrng —3 hasChild(?y, 7x) A hasChild(?y, 7z) A differentFrom(?x, 7z) — hasSibling(?x, 72)
Def-hasSister = hasSibling(7x, 7y) A Woman(?y) - hasSister(?x, 7y)
Def-hasSon =¥ hasChild(?x, 7y) A Man(?y) - hasSon(?x, ?y)
Def-hasUncle =¥ hasParent(?x, 7y) A hasBrother(?y, 7z) = hasUncle(?x, 7z)

e based on combination of parts of OWL and RuleML/Datalog
eldea: Datalog Rules that apply on OWL ontologies

e Symbols in rules can be OWL identifiers (or new Datalog identifiers)
e SWRL is undecidable
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