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Motivation

Y

Description Logic is subfield of KR concerned with terminological knowledge:

Describe the central notions of the application domain (its terminology)

and their interrelations

E.g. in medical applications:

Tissue, Inflammation, Pericadium, Pericarditis, etc.

DLs play important role as logical foundation of ontology languages:

@ OWL is the W3C-standard for a Web Ontology Language
OWL 1 in 2004 OWL 2 in 10/2009

@ OWL is essentially a description logic with an XML syntax




Motivation

Y

Main reason for popularity:

attractive compromise between expressive power and computational complexity

~ Modal
Logic

Not one DL, but a large toolbox of formalisms:
@ DLs cover broad range of responses to “complexity vs. expressive power”

@ OWL 2 contains different profiles (3 inexpressive, 1 expressive, 1 not a logic)



Tutorial Overview

Before break:
o brief introduction to description logics

@ complexity and expressive power of expressive DLs

o complexity and expressive power of lightweight DLs, part |

After break:

@ complexity and expressive power of lightweight DLs, part Il

@ instance data and query answering




Introduction to Description Logics



Some DL Basics

Knowledge is (mainly) stored in the TBox, e.g.:

Pericardium L Tissue M dpartOf.Heart
Pericarditis = Inflammation M Jlocation.Pericardium
Inflammation C Disease "1 dactsOn.Tissue

Tissue M Disease L L

TBox = “Terminology Box”; modern view: TBox = ontology

Formally, a TBox is a finite set of

concept inclusions C' L D  and concept definitions C = D

where C, D are concepts (= formulas) in the DL used.



Some DL Basics

Different concept constructors give rise to different DLs / OWL dialects:

P IIME ExPTIME

Explive NEXPTIME

2NEXPTIME




The Description Logic ALC

Fix a countably infinite supply of

@ concept names (~ unary predicates)

@ role names (~ binary predicates)

Concept language of ALC:
C:=A|T|L|-C|CND|CuUD|3Fr.C|Vr.C

dr.C': existential restriction

Vr.C'": universal restriction / value restriction

For example:

Disease M dactsOn.Organ M Vcause.—Genetic




The Description Logic ALC

DL interpretation Z:

FO structure with only unary+binary predicates = Kripke structure

@
o -Z the interpretation function which assigns

o aset AT C A7Z to each concept name A

@ a binary relation 7 C A% x AZ to each role name r

We now extend -Z to composite concepts
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Example:

translates to









Note:
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Central ideas:
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Clearly,







Ideas:



D is easy:






conservative
extensions






ABox

TBox







/
TBox ABox



satisfiability

ALC ExpTime ExpTime

ExpTime 2ExpTime

SHIQ ExpTime 2ExpTime

OWL1 Core NExpTime decidable
OWL1 NExpTime
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Problem:

Solution:
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Wrapup:



Questions?



