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OWL 2 Overview

Class Expressions Tbhox (Class axioms)

e Class names A,B e Inclusion C 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>

 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} o 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) 2NEXxpTimeComplete

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 Interpretation 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 Vv . . . Vv aA, 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
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FOL as Rule Language WJ E@ﬁger

Institut

eRules as FOL implications (Horn Clause)

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

[ — e —

often written from r/gﬁz‘ to left (< or:- )

e semantically equivalent with

-A1 V. =A Vv . /JrVv=Ay v 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

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

| —— S—

eis equal to

Al Ao...An » Hi
A1 Ao... A » Hb

Al 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

S — S ——

ereverse implication, as e.g.
LI | 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
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not negated atom

Clause of a single
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. 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(x,Yy)

(with function symbol)

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

Woman( Anj a)  (fac)

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
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Plattner
Institut

constant ¢ or variable v

p(t lg '« - t n)
with predicate p,
termsty, ..., In

VX1...VXn ( B1A. .. 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

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