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Description Logics The Approach by Baader and Distel

t . . . , Dchild.Writer Ď Artist, . . . u

Axiomatization
Base of valid GCIs

I
KI MI

∆I ∇

t U Ñ U2 | . . . u

Axiomatization
(Base of valid
Implications)
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Description Logics Interpretations

Interpretations
Vertex- and edge-labeled graphs (interpretations) I with

vertex set ∆I ,
vertex labels in NC,
edge labels in NR.

Remark
Multiple labels per vertex/edge allowed
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Description Logics The Description Logic ELK

Definition
Consider expressions of the form

C ::= A | C [ C | Dr.C | K | J

for A P NC, r P NR.

C is called an ELK-concept description.

Definition

For A P NC, C,D two ELK-concept descriptions, r P NR:
KI = H, JI = ∆I ,
AI set of all vertices labeled with A,
(C [ D)I := CI X DI

(Dr.C)I := t x P ∆I | Dy P ∆I : (x, y) P rI , y P CI u,

Daniel Borchmann (TU Dresden) Error Tolerant Construction of ELK-Ontologies May 23, 2013 6 / 17



Description Logics The Description Logic ELK

Definition
Consider expressions of the form

C ::= A | C [ C | Dr.C | K | J

for A P NC, r P NR. C is called an ELK-concept description.

Definition

For A P NC, C,D two ELK-concept descriptions, r P NR:
KI = H, JI = ∆I ,
AI set of all vertices labeled with A,
(C [ D)I := CI X DI

(Dr.C)I := t x P ∆I | Dy P ∆I : (x, y) P rI , y P CI u,

Daniel Borchmann (TU Dresden) Error Tolerant Construction of ELK-Ontologies May 23, 2013 6 / 17



Description Logics The Description Logic ELK

Definition
Consider expressions of the form

C ::= A | C [ C | Dr.C | K | J

for A P NC, r P NR. C is called an ELK-concept description.

Definition

For A P NC, C,D two ELK-concept descriptions, r P NR:
KI = H, JI = ∆I ,
AI set of all vertices labeled with A,
(C [ D)I := CI X DI

(Dr.C)I := t x P ∆I | Dy P ∆I : (x, y) P rI , y P CI u,

Daniel Borchmann (TU Dresden) Error Tolerant Construction of ELK-Ontologies May 23, 2013 6 / 17



Description Logics General Concept Inclusions

General Concept Inclusions
General Concept Inclusions (GCIs) are of the form

C Ď D

where C,D are ELK-concept descriptions.

C Ď D holds in I if and only if

CI Ď DI

Example

Dchild.Writer Ď Artist

holds in I if and only if every individual having a child (-successor) which is a
Writer is also an Artist.

Learning Goal
Find finite bases of valid GCIs of I .
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Learning Valid GCIs from Interpretations Overview

t . . . , Dchild.Writer Ď Artist, . . . u

Axiomatization
(Base of valid GCIs)

I
KI MI

∆I ∇

t U Ñ U2 | . . . u

Axiomatization
(Base of valid
Implications)
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Learning Valid GCIs from Interpretations The Approach by Baader and Distel

Outline
Introduce model-based most-specific concept descriptions XI for
X Ď ∆I

Define induced context KI = (∆I ,MI ,∇), where

(x,C) P ∇ ðñ x P CI

Theorem (Baader, Distel 2008)
If L is a base of KI then the set

t
l

U Ď ((
l

U)I )I | (U Ñ U2) P L u

is a finite base of I .
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Errors in Data An Experiment with DBpedia

Experiment
DBpedia, child-relation

∆IDBpedia = 5626, size of base 1252

Observation

Dchild.J Ď Person

does not hold in IDBpedia, but there are only 4 erroneous counterexamples:
Teresa_Carpio, Charles_Heung, Adam_Cheng, Lydia_Shum.

Observation

confIDBpedia(Dchild.J Ď Person) =
2547
2551
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Errors in Data Confident GCIs

Definition
The confidence of C Ď D in I is defined as

confI (C Ď D) :=

#

1 if CI = H,
|(C[D)I |

|CI |
otherwise.

Let c P [0, 1]. Define Thc(I) as the set of all GCIs having confidence of at
least c in I .

New Goal
Axiomatize Thc(I), i. e. find a finite base of Thc(I).
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Learning Confident GCIs from Interpretations Luxenburger’s Ideas

Question
How to find bases for Thc(I)?

Observation
Related work by M. Luxenburger on partial implications

Approach (Luxenburger)

Separately axiomatize valid GCIs and properly confident GCIs
Consider concept descriptions of the form (CI )I only
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Learning Confident GCIs from Interpretations A First Base

Approach (Luxenburger)
Separately axiomatize valid GCIs and properly confident GCIs
Consider concept descriptions of the form (CI )I only

The Idea in FCA
Let B base of K,

C = t X2 Ñ Y 2 | 1 ą confK(X2 Ñ Y 2) ě c u

and 1 ą conf(A Ñ B) ě c.
Then confK(A Ñ B) = confK(A2 Ñ B2) and

B Y C |ù A Ñ A2 Ñ B2 Ñ B
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Learning Confident GCIs from Interpretations A First Base

Definition
Conf(I , c) := t XI Ď Y I | Y Ď X Ď ∆I , 1 ą confI (XI Ď Y I ) ě c u.

Theorem
Let B be a finite base of I , and c P [0, 1]. Then B Y Conf(I , c) is a finite
base of Thc(I).
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Learning Confident GCIs from Interpretations A First Base

0 0.2 0.4 0.6 0.8 1

100

101

102

103

104

c

| Conf(IDBpedia, c)|
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Conclusions Further Results and Open Questions

Further Results

“Smaller” bases via another idea from Luxenburger
“Minimal Completion”
Bases of Thc(I) directly from bases of confident implications of KI
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