ifis

Institut fiir Informationssysteme

Knowledge -Based Systems
and Deductive Databases

Institut fr Informationssysteme
TechnischdJniversitatBraunschweig
http://www.ifis.cs.ttbs.de



@ 12 Ontologies pt. 2

12.1 Description Logics
12.2 DAML+OIL
12.3 OWL
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12.0 Building the Semantic Web

A The World WideWeb is a
medium of documents fopeople

A Idea: augmentWeb pages with
data targeted acomputers

I Add documents solely for computers
enhanced with semantic markups

I Find meaning of semantic data by following hyperlir
to definitions of key terms and rules for reasoning
about data logically

I Spur development of automated web services and
highly functional agents
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@ 12.0 Building the Semantic Web

A But how carknowledge be represented and
how can conclusions be drawn? |smamw=—
i Remember: early in Al the notatior
with frames was introduced by  FEiSaS
MarvinMinskyat MIT

I Then theexpert systems took over N
with different representation framework«gg
and (uncertain) reasoning capabilities =~ )
AMYCIN, etc. J N
AAndé how t o Wbem? i | %r
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@ 12.0 Building the Semantic Web

A Basic Web Technology

I Uniform Resourcddentifier (URI)
Aldentify items on the Web

I Extensible Markup Language (XML)
A Allows anyone to design own document formats (syntax)

ACan include markup to enhe:
content

I ResourceDescription Framework (RDF)
AMakemachineprocessablestatements
ATriple of URIs: subject, predicate, object
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@ 12.0 Building the Semantic Web

ANow comes t he iHovtederve t i
new knowlegde ?

I Definitely aformal semantics is needed |
A There is a large number of different logics e
I Searches should to b#ecidable =
A Decidability often conflicts with expressivene ,q e
I Different applications may neelifferent

expressiveness

A From simple inheritance structures, to evaluating logical
expressions with full negation and quantification

I Very tightcoupling between theory and practice
A The evaluation needs to be fast
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12.1 Description Logics

A In the previous lectures, we have seen different
knowledge inference schemes with their
respective advantages and dlsadvantages

A First Order Logic

I Pro:

AVery expressive and powerful
I Con:

ANot very intuitive, knowledge is hard to model

A Computationally challenging
I Undecidable in worstase
I EXPTIME Iin most cases
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@ 12.1 Description Logics

A Horn Logic (e.g., Datalog)
I Pro:
A Computationally manageable
I Con:
A Less expressive
A Lacks intuitive modeling features

A Frame Systems & Semantic Networks
I Pro:
A Intuitive modeling
A More human centered
I Con:
A Lacks formal semantics necessary for reasonirg
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@ 12.1 Description Logics

A In the late 70ties, frame systems were quite popular
iebut | acked for mal reasonin

I ldea: Combinesemantic frames with first order logics
t Description Logics

I Description logics can be defined in various degrees of
expressiveness by using different features of first order logic

A Different expression classes mapdifferent fragments of first
order logic

A More expressiveness © Higher computational complexity
A Subsets of description logics are usually callestription languages
A Still, all description languages dexidable

I Languages like RDF+RDF/S (in limited extent), OWL,
DAML+OIL emerged as implementation of description logics
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@ 12.1 Description Logics

A The basic building blocks of description logics are
concepts, roles andindividuals

I Like with frame systems, think obncepts like OO
classes without methods
AAct as Oblue printso for the
A Each concept represents a set of actimalividuals
A Those individuals (or members) can be recursively enumerate

I Concepts are represented by ARG
unary predicates ’ '

i Concepts are embedded into an [ //@*
hierarchicalnheritance |
structure

i 7 e
A / SN
= ~a v, 't
& =,
B PR, )
KO R, @ st/ T >
39 NS 3 Sy v/
&y ety { L g
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12.1 Description Logics

A Furthermore, concepts can be linked to each

other by usingoles
I Roles are represented

Inary predicates

A Concepts and roles useset-theoretical

Interpretation

I Concept : a set of individuals of the respective domé
I Role: set of pairs of individuals of the respective

domain
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12.1 Description Logics

A Basic building blocks in Cdtomic concepts
andatomic roles

I Atomic concepts and roles are given by their

predicate definition asnumeration of individuals /
pairs of individuals

I Using those atoms, additional concepts and roles m
be described by DL expressions

ASo callecomplex concepts andcomplex roles

KnowledgeBased Systems and Deductive Databas€&hristoph Lofg IfiIS¢ TU Braunschweig 12



@ 12.1 Description Logics

A Informal Example:

Atomic concepts:
A PersorUniversityProfessor, Lecture
Atomic Roles:
A studiegeaches
Individuals:
A Prof. Balke Christoph Student_1, Student_2
Complex Concept
A Student Someone who studies at a university .
A TeachingAssistéBwmeone who teaches but is not a professor and not a student
A HiWi Someone who teaches and is student
Complex Role
A supervises:professor who teaches a lecture is also supervising that lecture
Inheritance Hierarchy

A A Professas a specidPersonaStudents a specidPersonaTeachingAssistisa
speciaPersonaHiWiis a special Student

A supervisds a stronger form ofeaches
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@ 12.1 Description Logics

[ Person

/ \ [ Un/iv]ersity ]

[ Professor M TeachingAssistantJ [ Student H

N

[ HiWi ]
superwses teaches
\}hes
Lecture
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12.1 Description Logics

<)

N

W

A In the following, we will formally describe A)(
different description languages

A As a note, all description languages use two
Important assumptions
I Open World Assumption

Alnterpretationdomain 3 isinfinite

ALack of knowledge does not imply the negation of the giv
fact

I Ambiguous Name Assumption

ATwo concepts with different names may be equivalent
I 1.e. different names do not guarantee different concepts
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@ 12.1 Description Logics

A DL knowledge bases consisttwfo types of
expressions

I ABox statements @§ssertion bfpprovides assertions
on the individuals with respect to the vocabulary
Ai.e.which individual imember of which concept

ATypical reasoning tasks involve checking for assertion
consistency (satisfiability) and checking whether a certair
Individual is amstance of a given concept

AThus, the ABox provides the knowfacts
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@ 12.1 Description Logics

I TBox statementsterminology bp)Defines the
vocabulary of the knowledgebase

AUseddescription language controls the complexity of
the TBox

AProvides thanodel -theoretic foundation for later
reasoning

A Definescomplex concepts andcomplex roles

ATypical reasoning tasks for TBox is checking for concept c
role subsumption
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12.1 Description Logics

A For providing TBox statements, different
Description Languages are available
I Languages differ with respect to their features

I Each new feature adds additional complexity and
expressiveness

I Description languages are named and classified by
their feature sets

I Most basic description language
A' fl Adribute Language
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@ 12.1 Description Logics

A Description Languages uaevariable free
syntax

I Variables are modeled implicitly

Ae.g. The description logic expressi@s  &n be
translated into# @ Z $ O

I So,why do we need a new syntax?

AVariable free syntax is much shorter and simpler, e.g. the
short DL statemenimt 2ranslates to
mUphUchUohUT 2 @h Up Z
Up Ucg Z Up Uo Z Up Ut Z Uc
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12.1 Description Language '

. . | . ~
A Description Language -~ fl '_5_
i Minimal description language with practid{ gs )/
applicability

A Allowed syntactical constructs and their

Interpretations

I Atomic concepts (denoted byA andB)
AAP 'sBP 'z

I Atomic roles (denoted byR)
AR P 'za

I Complex concepts (denoted byCandD)
ACP 'sDP 'z
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@ 12.1 Description Language i

I U:Top or Universal concept, represents the whole
domain of all individuals
AU'= 3
I U:Bottom concept ,represents the
empty set of individuals
AU n
I =A :Atomic negation
A Negation in' fl only possible oratomic concepts
A Due to open world assumption, resulting setiidinite
AGA) =3l r T
i Cs Intersection
A All individuals which are bot@ andD
ACs )%=CzZ '$
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@ 12.1 Description Language i

Al 2 &ahue Restriction

I Defines the set of all those individuals which are in relationRhpth
individuals irC (@and only those)

I e.g.! studies.University: all individuals who study only at universitie:
iV 28# Asn ! A 'AhA Ay # 2
Top concept
v

A m 2 gilited existential restriction

I Defines the set of all those individuals which have a relationship part
InR

i egm OO O AEiAddidudldwho study (somewhere)
I Only top concept is allowed as concept
i m 28U Asvm A 1)} Ah A

z
N
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@ 12.1 Description Language i

A The TBox contains defining statements for comple;
concepts, realized yerminological axioms
i # S Incudjon
A Cis included irD (and is thus a suboncept)

A Each individual i€ is also an individual

A Provide further information on how concepts anc
roles are related

ACP '$

i # Kk Egdidalence
A Cis equivalent td (and is thus identifies the same individuals)
A Each individual i€ is also an individual Id and vice versa
A Equivalence can be useddefine new complex concepts

AC=D!
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@ 12.1 Description Language i

A Terminological axioms can also be used to mod
and check assertions about classes
i E.g.disjointclasses:$ s % k U
I Such checks are quite often used for
A Checking theconsistency of an ontology and knowledge
AChecking forunintended relationships between classes

A Automatically classifying instances in classes

AFindingnconsistencies when designing large ontologies
(especially if multiple authors are involved)
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@ 12.1 Description Language i

A Our previous example in ' fl
A Atomic concepts and roles are given Box statements

I PersofiProf.Balkg, PersofChristoph), Persofstudent_A,
Persofstudent B
UniversityU BraunschweigProfess@rof.Balkg, Lectur@gkBS),

I studiesftudent_ ATU Braunschweigstudiesitudent BTU
Braunschwelg

I teache${rof.Balke KBS, teache§ihristoph KBS
A Complex concepts are given @yBox statements

I Complex Concept
A Studenk 0 A O Odtublies $University
A TeachingAssistand A O O tkactes.llectures 300AAT O
-Professor - , .
A Hiwik 3 O OA fehches.lsecture F, -
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12.1 Description Language '

A Typicalreasoning queries are mainly of
classifying nature

i E.g., return all studentsljWis or ResearchAssistants

AThose concepts have not been explicitly defined by ABox
statements, but can only be derived using TBox descriptia

A Note that* fl is the least expressive common
description language and has limited
expressiveness

I Additional features can expar'1df|
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@ 12.1 Expanding i

A Expansmn General complement -=C <
- fl allowed only negation of atomic concept Q, Ry
" However, often general negation is necessarjs o
(the complement), e.qg.:
AHiWik 3 OO A A teéxhes.Letture
AlLazyStudett 3 OOA AHWD s
I HiWi is a complex concept, thus this expression is not allowed fh
I (—-C)I 3\ C
f general complements are allowed, this results to the
Ianguage fli

A Naming convention: Start with fl and concatenate the short
|l etters of alll addi tional fe
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@ 12.1 Expanding i

AExpansio®:Union # S $
I Allows to union two complex concepts
i (CSD)=C'z D
i Resultsto f9

A Expansion :
Full existential quantification M 2 8 #

I In contrast to limited existential quantification infl,
any concept is allowed in existential quantification

i (MR.C) AlsN mA A hA BN #
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@ 12.1 Expanding i

A For description logics hold also the known
equivalences of first order logics
i (CS$ k # s $
im 28# K I 28 #
I Thus,union and fullexistential quantification can

be modeled by using thgeneral complement and
vice versa

i Th'erefore,! fli has the same expressiveness
as” flo.

AlTherefore,we will usé fli to refer alsoto’ fIb. i or
" fib.

KnowledgeBased Systems and Deductive Databas€&hristoph Lofg IfiIS¢ TU Braunsc hweig 29



@ 12.1 Expanding i

A Modeling differences for existential
and universal quantification

I In our example, we defined a TA @asachingAssistant
k 0OAOOI T s 3 OO A Al teaclses.Ledutz|

A This actually means:All persons which are no student, no
professor, teach something, arderything they teach is a
lecture

A Thus, as soon as a person also teaches a lab course, he is not
anymor ee

i Better expressionTeachingAssistan0 AOOT 1T s
300AAT 6 s meacHesEAct@l O s

A All persons which are no student, no professor and teach at les
one lecture

A Thus, for this simple statement you already neefl
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