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How large are ontologies ?
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http://xmlns.com/foaf/spec/
http://dublincore.org/
http://musicontology.com/
http://snomedinside.org/
http://www.geneontology.org/
https://bioportal.bioontology.org/ontologies/NCIT
http://wiki.dbpedia.org/services-resources/ontology
https://www.mpi-inf.mpg.de/departments/databases-and-information-systems/research/yago-naga/yago/#c10444


How good are the reasoners ?

❑

❑

◼

◼

Results

5

http://dl.kr.org/ore2015/vip.cs.man.ac.uk_8008/live.html


How good are the reasoners ? ./.
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How good are the reasoners ? ./.
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Konclude

Heart of the reasoner.

❑
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❑
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Complex reasoning services
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http://derivo.de/en/products/konclude/
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Reminder

❑

❑

◼

◼

◼

❑

❑

◼ ⊨ α then ⊨ α.

◼ ⊨ α then ⊨ α.
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Useful reasoning services for a description logic ?
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T ⊆

⊆

≡ ⊓ ∃

∃ ⊤ ⊆
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Useful reasoning services for a description logic ?

O K T A

❑

◼ O

◼ O ⊨ ⊆

◼ O ⊨ ≡
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◼ O ⊨
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Semantics for reasoning services

O K T A

❑

◼ O I O I ∅

◼ O ⊨ ⊆ I ⊆ I I O

◼ O ⊨ ≡ I I I O

❑

◼ O ⊨ I ∈ I I O

◼ O ⊨ I I ∈ I I O
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Complex reasoning services
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Example of classification

≡ ⊓
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Reduction of reasoning services to ontology consistency

ALC O T A

❑

O O ⊨ ⊆ ⊓ O

O O ⊨ ≡ ⊓ ⊓ O

❑

O T

O O ⊨ O ∪ 

O O ∪

ALC

O ∪ T A ∪ 
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Structural subsumption algorithms

❑
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❑
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Structural subsumption algorithm

❑ FL

◼ ⊓ ∀

◼

❑

◼ FL ⊓ ⊓ ⊓ ∀ ⊓ ⊓ ∀
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⊓ ⊓ ⊓ ⊓

∀ ⊓ ∀ ∀ ⊓
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Structural subsumption algorithm

⊓ ⊓ ⊓ ⊓
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∀ ∀
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Example
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Limits of structural subsumption

❑
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❑ 
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Tableau algorithm for ALC basic ideas
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Eliminating the TBox

❑

❑
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Eliminating the TBox ./.

❑

❑

❑ T

◼ ≡T

◼ T

◼ T

❑

◼ T ⊨ ⊆ ⊨ ⊆

◼ T ⊨ ≡ ⊨ ≡

◼ T
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Reduction to negation normal form

❑

∃ ⊓ ∃ ⊓ ∃ ⊓ ∃ ⊓ ∃ ⊓ ∀ ⊔

❑ ALC

◼ ⊤ ≡ ⊥

◼ ⊥ ≡ ⊤

◼ ≡

◼ ⊓ ≡ ⊔

◼ ⊔ ≡ ⊓

◼ ∀ ≡ ∃

◼ ∃ ≡ ∀

◼ ⊆ ≡ ⊔
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❑ ∀ ⊓ ∃

❑ A ∀ ⊓ ∃

A ∀ ⊓ ∃

∀

∃

❑

Tableau decision – example 1
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❑ ∀ ⊔ ⊓ ∃ ⊓

A ∀ ⊔ ⊓ ∃ ⊓

∀ ⊔

∃ ⊓

⊓

⊔

❑ ΔI I I I

Tableau decision – example 2
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The tableau decision algorithm

❑ A

◼

❑
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◼ A
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◼

◼

❑ A
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The tableau decision rules

❑ ⊓ →⊓

◼ ⊓ ∈ A ⊈ A A A ∪

❑ ⊔ →⊔

◼ ⊔ ∈ A ∩ A ∅ 
A A ∪ A ∪

❑ ∃ →∃

◼ ∃ ∈ A ⊆ A

A A ∪

❑ ∀ →∀

◼ ∀ ⊆ A ∉ A A A ∪
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A tableau derivation

{ a : ∃r.A ⊓ ∃r.B ⊓ ∀r.(¬A ⊔ ¬B) }

A0 ∪ {a : ∃r.A, a : ∃r.B, a : ∀r.(¬A ⊔ ¬B) } 

A1 ∪ { (a, b) : r, b : A, (a, c) : r, c : B } 

A3 ∪ { b :¬A } A3 ∪ { b : ¬B } 

A2 ∪ { b : (¬A ⊔ ¬B), c : (¬A ⊔ ¬B) }

A4.2 ∪ { c : ¬A } A4.2 ∪ { c : ¬B }

→⊓ twice

→∃ twice

→∀ twice

→⊔ →⊔

clash

clash

→⊔→⊔

A0

A1

A2

A3

A A

A A

32 5.1 yields a satisfying model : ΔI =  {a, b, c} ; AI = {b} ; BI = {c}; rI = {(a, b), (a, c)}.



The tableau decision algorithm – formal version

A

ALC A

A

A

ALC A

α A

α ofA If A .

α A

A  α, A) A then

A

A

A
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Tableau algorithm properties : local correctness

❑

❑ A A →⊓ →∀ →∃ A
A

❑ A A →⊔ A
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Tableau algorithm: soundness

A

❑ A A

❑ A I ΔI I

◼ ΔI A

◼ ∈ ΔI ∈ I A

◼ ∈ ΔI ∈ I A

❑ I A
I A

❑ A A I A
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Tableau algorithm: termination

A
A A A A A A

❑ →∀

❑ →∀
A

A

❑
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Completeness

A

❑

❑ A

❑
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Using the algorithm for various inference problems

❑ A A

❑

❑ O O ∪

❑ ⊆ ⊓

❑ ⊆ O O ∪ ⊓

❑ O O ∪
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Extending the algorithm to TBoxes

❑

⊆

❑

◼ I ⊨ ⊆ I ⊨ ⊤ ⊆ ⊔ A ⊔

◼ ∈ A

→GCI : ⊑ ∈ T

◼ ∈ A ∉ A A A ∪

◼ A ⊔ ∉ A A A ∪ ⊔

❑

◼ O T A T ⊑ ∃ A

◼ →GCI ∃ →∃ →GCI ∃
39



Blocking rules

❑

◼

❑

◼

◼ A

◼ ∈ A ⊆ ∈ A

❑
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The tableau decision rules with GCIs

❑ ⊓ →⊓

◼ ⊓ ∈ A ⊈ A A A ∪

❑ ⊔ →⊔

◼ ⊔ ∈ A ∩ A ∅ 

◼ A A ∪ A ∪

❑ ∃ →∃

◼ ∃ ∈ A ⊆ A

◼ A A ∪

❑ ∀ →∀

◼ ∀ ⊆ A ∉ A A A ∪

❑ →GCI : ⊑ ∈ T

◼ ∈ A ∉ A A A ∪

◼ ⊔ ∉A A A A ∪ ⊔
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Reminder

❑

❑

❑

O

❑

❑ EXPSPACE : 
O

⊆ ⊆ ⊆ ⊆ EXPSPACE
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Complexity of the tableau algorithm for ALC

❑ ALC

◼

◼

❑ ALC

◼ ALC

❑

◼

◼
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The description logic complexity navigator
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http://www.cs.man.ac.uk/~ezolin/dl/


Summary

❑

❑

❑ ALC

❑

❑ ALC

❑
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THANK YOU
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