Description
Logics

What Are Description Logics?

« A family of logic based Knowledge Representation
formalisms
- Descandants of eemanic networks and KL-ONE
- Describs domaln In terme of concepts (classsa), rokes
(redaficnenips) and Indhviduals
¢ Dhstinguished by:
- Formal semanics {typlcally modal theorefic)
# Oooldabls Trmgmends: of FOL
s Closaly ralaisd fo Propocitional Modal & Dynamis Logloc
- Provision of Inferance services

« Eound amd oocenplets daclicbon proosdurss for kay problame
¢ Implsmenisd sysisme (highly cpbimlzad)

Description Logics

Major focus of KR research in the 80's

- Led by Ron Srachman — (ATAT Labs)

- Zrew aul of eany network-based KR systems ke
ESMANTC NEWaNKE and TamaE.

Major systerns and languages —

- 806 KL-OME, NIKL, BAMDOR, BACEK, CLASSIC, LOCHM

- 90 FACT, RACER

- D0 DKMIL+OIL, TRL

It==d as the basis for the Semantc web languages

DAML+OIL and CWL

Some (one] commercial systems

Description Logics

s Thought to be well-suited for the represantation of and
reasoning about

ontologies
termminodogical knowledge
Configurations and configuration problems

database schemata

« Echama daeign, evoluBion, and query optimizatian

= GoUrca Intagratian in k2teragensous dalabasae/data
warahausaE

« CONCcapiual madeling of mulkimansional apgregation




Example of Network KR

« Parson, Female, sic are concepts
« hasChild s a praparty of Parsan i
1w -1

- hasChild relates Pansn 0o Fermon
- Nl means Infinky. & Parent s =
Ferson with bebyesn 1 and Infinky
chidren i
« L3rge STOWE ars C1S-A links - Py
- A Mother = a (specielzeban of af
Farsnt

« Concepts are elher primitive ar
definiians. s

- Primithie cono=pds have anly

NECESSAry properies 3 raphdoal nodation
- Cwdined conCegés have nECessary imrodused by KL-ONE
and sufMdent oondidans

DL Paradigm

¢ A Description Logic is mainly charactenized by
a =&t of constructors that allow one to build
complex descriptions or terms out of concepts
and roles from atomic ones
- Concepts comespond to classes
= 3Nd ara Inerpreled a5 sats af abjesdts,

- Roles correspond to relations
« 3Nnd ara Interpreted as binary relatone on objects

¢ Set of axioms for aszerting facts about concepts,

roles and individuals

Basic Concepts of a DL

¢ Individuals are freated exactly the
zame az constants in FOL.

« Concepts are exaclly the same as
Unary Predicates in FOL.

¢ Foles are exactly the same as Binary
Predicates in FOL.

Descriptions

e Just Like in FOL, what we are dealing with
Eulﬁnﬂtel:,'] are sets of indniduals and relations
n individuals.

# The basic unit of semantic significance is the
Descriplion.

+ “We are descrbing sefz of ndividualz"

# Description logics differ in the operators they allow

+ [|f a "happy father” = & man with both a son and a

daughter and all of whiose chidren are edher rich
or happy, then we can describe the concept in a
typical OL as
HaﬁpyFarJ'la = Man ~ ShasChild_ Female ~
ShasChild Male ~ ThasChild.{Rich
Happy)




Typical Architecture

fethor: mmon = Fedbild X

indiveduzals

Iein = Faumon [ felfer
= haodd mary

[nkerifnce

[nf=rence
Shsherm

The dhislon nto TBok arid ABox dossa't hayve a koglcal signflicamce, but
ks e for conoephuel and Implesmesiatian comvenience.

A family of languages

¢ The expressivensess of a description logic is
determined by the operators that it uses.

# Add or eliminate certain operators (e.g., —. ),
and the statements that can be expreszed are

increased/reduced in number.
¢ Higher expressiveness implies higher complexity

¢ Al or Aftributive Language is the base and
includes just a few operators

¢ Other DL are described by the additional
operators they include

AL: Attributive Language

Constructor
atomic concept
atomic negaton
atonnic role
conjunction

value restrict.
Exastential rest. (im)
Top {unirv. conc.)
bottom {null conc)

Syntax
c

~ G

R
C*D
vR.C
3R

T

L

Example

Human

~ Humnan

hasChild

Human * Male

Human v hasChild. Blond
Human 3 hasChild

-

AL

for concepts C and D and move K

ALC

ALC b5 = smallest OL sk 5 proposBonaly dossd (L., mcludes Sl negation mid
disjunciion) and Include bool=ans (and, ar, niot) and restricions an nole velues

Constructor
atomic concept
regation
gtomic rode
conjunction
disjunction
value restrict.

Existential rest
Top (univ. conc. )

bottormn (null conc)

Example
Human

=~ (Human ¥ Ape)
hasChilkd

Human * Male
Nice ¥V Rich

Huran ¥ hasChild.Blond
Human 3 hasChild.Male




