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Description Logics (DL)

What:

e Knowledge representation language.
(serving primarily for formal description of concepts and
roles (relations)).

Why:
e Used for formal reasoning on the concepts of a domain.

OWL'’s relation to DL.:
"In the beginning, IS-A was quite simple. Today, however, there are almost as many

meanings for this inheritance link as there are knowledge-representation systems."
Ronald Brachman 1983




DL Terminologies

In OWL:

e Aclass is a collection of objects.
e A property is a directed binary relation.
e Aninstance is an object.

In DL, the above corresponds to:

e A concept.
e Arole.
e An individual.

A concept corresponds to a unary predicate while a role corresponds to a binary predicate.

Concept (Formulae): e.g. Human, Male, Female, Animal
Roles (Modalities): e.g. hasChild, hasParent, loves
Individuals (Ground term): e.g. Aziz, Lixin, USA




DL modeling and Knowledge Base

KR based on DLs, consists of 2 components:

e TBox, "Terminological Box" (describes terminology).
o contains sentences describing concept hierarchies (i.e., relations
between concepts).
m e.g.) Every employee is a person.

e ABox, "Assertion Box" (assertions about individuals).
o contains ground sentences stating where in the hierarchy individuals
belong (i.e., relations between individuals and concepts).
m e.9.) Bobis an employee.

‘Reasoning in ontologies and knowledge bases is one of the reasons why a specification needs to be
formal one.”
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Formal description and notations

Symbol Description Example Read
all concept names T top
empty concept 1 bottom
intersection or conjunction of concepts cCnp Cand D
union or disjunction of concepts cCubD CorD
negation or complement of concepts ml not C
universal restriction VR.C all R-successors are in C
existential restriction dR.C an R-successor exists in C
Concept inclusion C E D allCareD
Concept equivalence C=D C is equivalent to D
Concept definition C'=D C is defined to be equal to D
Concept assertion a:C aisaC
Role assertion a, b) ' R ais R-related to b

See:



https://en.wikipedia.org/wiki/Description_logic#Formal_description
https://en.wikipedia.org/wiki/Description_logic#Formal_description

OWL syntax,

DL syntax,

and semantics

OWL abstract syntax DL syntax Semantics

Class descriptions

Class (A) A AT c AT

owl:Thing T TI=AZ

owl:Nothing L 1T=2

intersectionOf (Cy ...Cy) Cin---nCp (Cin---nCf=cfn...nck
unionOf (C ... Cp) Cru---uCy (€U UC)F=CFU-..uCT
complementOf (C) -C (=0)% = AT\cT

oneOf(wy ... wy) {wi, ..., wy} (wl,...,w,,)I={wlI,...,wf}
restriction (P someValuesFrom(E)) 3P.E @AP.E)T = {a|3w.{a, w) € PT Aw e ET)
restriction ( P allValuesFrom(E)) YP.E (VP.EYT = {a|Vw.{a, w) e PT - we ET)
restriction (P hasValue(w)) 3P.{w} @ArP.w)t{a| {a, wt) e PT)

restriction (P minCardinality(n)) >nP (znP) ={a|#{w]|(a, w) e PT}=n}
restriction ( P maxCardinality(n)) <nP (<nP) ={a|#{w)](a, w) € PT}) <n)
restriction (P cardinality(n)) =nP (=nPN=>nP)*

Pe{R,Twe{a,v} Eec{C,d}

See:

complete list
DL syntax and semantic



http://www.obitko.com/tutorials/ontologies-semantic-web/owl-dl-semantics.html
http://www.obitko.com/tutorials/ontologies-semantic-web/owl-dl-semantics.html

DL ALC and its concepts

Attributive concept Language with Complements ALC is a member of DL
family, where:
. top is a concept.

. bottom is a concept.

. all atomic concepts are concepts

. the intersection of two concepts is a concept

. the union of two concepts is a concept

. the complement of a concept is a concept

. the universal restriction of a concept by a role is a concept
. the existential restriction of a concept by a role is a concept



Inference in DL (Decision problems)

“Description logics are created with the focus on tractable reasoning.”

Examples of tasks required from reasoners are:
e Instance checking. (is a an instance of A?)
e Relation checking. (is a related to b?)
e Subsumption. (is A a subset of C?)
e Concept consistency. (is there any contradiction in A’s definition?)




Finally,
Tradeoff between Expressive Power
and Efficient Reasoning Support.

The richer the language is, the more inefficient the reasoning support becomes.




