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Agenda

Architecture and terminology2

Basic description logic 𝓐𝓛𝓒3

In search for the right language1

Description logic knowledge bases4
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A spectrum of languages to specify the meaning of terms 
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Requirements for ontology languages
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Requirements for ontology languages
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Trade-off expressive power vs reasoning support
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A brief history of description logics
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Architecture of a description logic knowledge base
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❑

❑
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DL architecture : the TBox
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◼

⊓

⊓ ∀ ⊔ ∃

≡ ⊓

⊆
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Concept descriptions

❑

❑

❑

⊓ ⊔

⊓

⊔
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Concept descriptions ./.

❑

◼

∃

⊓ ∃

◼

∀

⊓ ∀
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TBox concept equivalence axioms

❑ ≡

◼

❑

◼

≡ ⊓

≡ ⊓ ∃

◼

❑

∃teaches ≡
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TBox concept inclusion axioms

❑ ⊆ 

◼

❑
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⊆

❑

∃teaches ⊆

Teacher ⊆ ⊓ ∃teaches
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DL architecture : the ABox

❑

◼

◼

❑

∃
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Description logic knowledge base : an example

≡ ⊓

≡ ⊓

≡ ⊓ ∃

≡ ⊓ ∃

≡ ⊔

≡ ⊓ ∃

≡ ⊓ ∀

≡ ⊓ ∃

KB
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DL architecture : reasoning services

❑

◼

◼

◼

◼

❑
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A family of concept description languages

❑

◼

❑

❑ ALC

◼

◼
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𝓐𝓛𝓒–concept description language : syntax

❑ ALC

◼ ∀ ∈

◼ ⊤ ⊥

◼ ∈

⊓

⊔

∃

∀
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ALC–concepts semantics : intuitive understanding

⨅

⨅

⨆

⨆

∃

∃

∀

∀
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⊤ and ⊥

❑ ⊤

◼ ⊤

⨅ ∃ ⊤

❑ ⊥

◼ ⊥

⨅ ∀ ⊥

24



Role restrictions, domain and range

⊤ ⊤

❑

∃ ⊤ ⊆

❑

⊤ ⊆ ∀
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ALC semantics: interpretation

❑ ALC

❑ ΔI

❑
I

◼ ALC I ⊆ ΔI

◼
I ⊆ ΔI ΔI

◼
I⊆ ΔI
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DL Semantics: example
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𝓐𝓛𝓒-concepts semantics

❑
I

ALC

◼ ⊤I ΔI

◼ ⊥I ∅

◼ ⊓ I I ∩ I

◼ ⊔ I I ∪ I

◼
I ΔI I

◼ ∃ I ∈ ΔI ∈ ΔI ∈ I ∈ I

◼ ∀ I ∈ ΔI ∈ ΔI ∈ I ∈ I

❑
I I I

❑ ∈ I I
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Extending description logics5

29



Semantics of terminological axioms

ALC

❑ I ⊆ I ⊆ I

◼ I ⊨ ⊆

❑ I ≡ I I

◼ ≡ ⊆ ⊆

❑

I T I ⊨ T I T

30



TBoxes and terminologies

❑ T

◼ ≡

◼

❑

❑

❑

≡ ⊓ ∀

❑

31



Terminology quiz for ALC

ALC

≡ ⊓

≡ ⊓

≡ ⊓ ∃

≡ ⊓ ∃

≡ ⊔

≡ ⊓ ∃

≡ ⊓ ∀

≡ ⊓ ∃
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Semantics of assertional axioms

❑ I I ∈ I

❑ I I I ∈ I

❑

I A I ⊨ A I A
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Description logics knowledge bases

KB T A T A

❑ I KB I ⊨ KB

I T I A

❑ KB

❑

❑ KB KB ⊨ KB
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Quiz

T ⊆ ≡ ⊓ ∃
≡ ⊓ ∀ ⊔ ∃

A

⊓  

K ⊨

K ⊨

K ⊨

K ⊨

≡ ⊓ ∃
K ⊨ ⊆

✓
✓
✓
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Mapping description logics to FOL

❑

❑

⊓ ∧

❑

≡ ⊓ ∀ ↔ ∧

❑
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ALC–concepts : mapping to FOL

then :

◼

◼

◼ ⊔ ∨

◼ ⊓ ∧

◼ ∃ ∃ ∧

◼ ∀ ∀ →
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DL knowledge base : mapping into FOL

◼ ⊆ ∀ →

◼ ≡ ∀ ↔

◼

◼
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Consequences of translation rules into FOL

❑

I ∈ ΔI I ⊨ πx(C)

❑ ALC

❑
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Decidability of description logics

❑

❑ L

◼ L

◼ ALC

∀ ∃ ∀ → ∃ ∧

∃ ∧ ∀ → ∃ ∧

❑ ALC ALC L

◼ L

C
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Open World and non unique names

❑

◼

❑

◼

❑
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Updated framework of reference for semantic applications

Data integration component

⊨

42



Agenda

Architecture and terminology2

Basic description logic 𝓐𝓛𝓒3

Origins and motivation1

Description logic knowledge bases4

Family of description logics5

43



Reminder of some useful logical equivalences

⊔ ≡

∃ ≡

⊔ ≡

⊓ ≡

❑

❑

⊔ ≡ ⊓

∃ ≡ ∀

⊔ ≡ ⊤

⊓ ≡ ⊥
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Basic description logic AL and naming scheme

❑ ALC AL

❑ AL

◼ ⊓

◼ ∀

◼ ∃ ⊤

❑

◼ C

◼ U ⊔

◼ E ∃

❑ ALC ALUEC
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Extensions of the basic description logic ALC
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Number restrictions

❑ N

≥ ≤

⊓  ⊔  ⊓ ∃

❑ Q

≥ ≤

⊓ 
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Nominals

❑ O

❑

⊓  ∃
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Role constructor extensions

❑ F

◼ ⊤ ⊆  ( hasMother)

❑ I

◼ ≡

❑ H

◼ ⊆ ⊆ 

◼ ○ ⊆

❑ R

◼

◼ ○ ⊆
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Standard abbreviations

❑ S ALC S ALCR

❑ SR ALC

◼

◼

◼ ≡ ∃

❑

◼ SR ALC S SH

◼ F N Q

❑ SROIQ
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Basic description logic EL

❑ AL

◼

❑ EL ⊤ , ⊓, and ∃

◼ EL

◼

EL

⊆

⊆ ⊓ ∃

⊆ ⊓
∃

⊆ ⊓ ∃

⊆ ⊓ ∃

⊆

⊆

⊆

⊆

EL51



Summary

❑

❑

❑

❑

❑ ALC
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Appendix : constructors

Construct Syntax Semantics Symbol

I AL

∈ I I

I AL

⊤ ΔI AL

⊥ ∅ AL

⊓ I ∩ I AL

⊔ I ∪ I U

￢ ΔI I C

∃ ∈ ΔI ∈ I ∈ I E

∀ ∈ ΔI ∈ I ∈ I AL

 ∈ ΔI ∈ I  N

∈ ΔI ∈ I N

 ∈ ΔI ∈ I ∈  Q

∈ ΔI ∈ I ∈ Q

I Q

53



Appendix : axioms

Construct Syntax Semantics Symbol

ABox

concept assertion C(a) or a : C aI ∈ CI AL

role assertion r(a, b) or (a, b) : r (aI, bI) ∈ rI AL

TBox

concept inclusion C ⊑ D CI ⊆ DI AL

concept equivalence C ≡ D CI = DI AL

role inclusion r ⊑ S rI ⊆ SI H

complex role inclusion r1 ◦ r2 ⊑ S r1
I ◦ r2

I ⊆ SI R

Transitive role Trans(r) Mapped to binary transitive relations rI ∈ ΔI

ΔI , such as if (d1; d2) ∈ rI and

(d2; d3) ∈ rI, then (d1; d3) ∈ rI.

R

Functional role ⊤ ⊑ mapped to binary functions fI ∈ ΔI ΔI

such as ∀a, b, c : fI(a; b) ∧ fI(a; c) → b = c.

F
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