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Introduction 

 Developing ontologies is not an easy task 

 It may happen that ontologies are 

 Incorrect 

 Incomplete 
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Defects in ontologies 

 Syntactic defects 

 e.g. wrong tags or incorrect format 

 

 Semantic defects 

 e.g. unsatisfiable concepts, incoherent and inconsistent 

ontologies 

 

 Modeling defects 

 e.g. wrong or missing relations 
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Example – missing is-a relations 

 In 2008 Ontology Alignment Evaluation 

Initiative (OAEI) Anatomy track, task 4 

 Ontology MA : Adult Mouse Anatomy Dictionary (2744 

concepts)  

 Ontology NCI-A : NCI Thesaurus - anatomy (3304 

concepts)  

 988 mappings between MA and NCI-A 

 121 missing is-a relations in MA 

 83 missing is-a relations in NCI-A 
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Influence of defects in structure 

 Ontology-based querying. 

All MeSH Categories

       Diseases Category

            Eye Diseases

                  Scleral Diseases

                       Scleritis

...

Medical Subject 

Headings (MeSH) return 1363 articles 
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All MeSH Categories

       Diseases Category

            Eye Diseases

                  Scleral Diseases

                       Scleritis

...

Medical Subject 

Headings (MeSH)

Influence of defects in structure 

 Incomplete results from ontology-based queries 

return 1363 articles 

return 613 articles 

55% results are missed ! 
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Debugging defects 

 Two phases: 

 Detection 

 Repair 

 Missing is-a relations: TBox abduction problem 
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Example – missing is-a relations 
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Missing relation: 

Repairing actions: 



Outline 

 Definitions 

 Approach 

 Implementation 

 Future work 
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Generalized TBox abduction problem 

 Given 

 KB - a knowledge base in ℒ 

 { Ci ⊑ Di ∣ 1 ≤ i ≤ m} where Ci, Di are satisfiable w.r.t. KB 

 KB ∪ { Ci ⊑ Di ∣ 1 ≤ i ≤ m} is coherent 

 Find 

 SGT={Gj ⊑ Hj ∣ j ≤ n}  

 such that KB ∪ SGT ⊨ Ci ⊑ Di 

 

 In our setting Ci, Di, Gj, Hj are named concepts 
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Description logic ALC 

Concepts 

 

 

 

 

 

 

 

Axioms 

 Terminological axioms (C ⊑ D, C ≡ D ) - TBox 

 Assertional axioms ( C(a), R(a,b) ) – ABox 
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Atomic concept A 

Universal concept T 

Bottom concept ⊥ 

Concept negation ¬C 

Intersection of concepts C ⊓ D 

Union of concepts C ⊔ D 

Universal restriction ∀R.C 

Existential restriction ∃R.C 



Acyclic terminologies 

 Acyclic terminology – finite set of concept definitions (i.e. 

terminological axioms of the form C ≐ D where C is a 

concept name) that neither contain mutiple definitions nor 

cyclic definitions 

 MeatTopping ⊑ PizzaTopping  

 could be replaced with 

 MeatTopping ≐ PizzaTopping ⊓ MeatTopping  

   where MeatTopping is a new atomic concept  
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Outline 

 Definitions 

 Approach 

 Implementation 

 Future work 
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Basic algorithm 

 Input – Ontology represented by a knowledge base and a 

set of missing is-a relations 

 Output – set of repairing actions  

 Two main steps: 

 Creating repairing actions for individual missing is-a 

relations 

 Creating repairing actions for all missing is-a relations 
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Repairing missing is-a relations using 

tableaux-based algorithm 

 For a missing is-a relation C ⊑ D run a tableaux algorithm 

on x: C ⊓ ¬D 

 Try to find set of is-a relations {G1 ⊑ H1, …, Gn ⊑ Hn} 

which would close open branches in the completion 

graph 
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Tableaux-based algorithm 
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Basic algorithm - example 
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Basic algorithm - example 
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Basic algorithm - example 

 Repairing actions for a missing is-a relation created by 

choosing one element from each set RA 

 Example – 5 open ABoxes 
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Basic algorithm 

 Same process repeated for other missing is-a relations 

 Repairing actions for all missing is-a relations created by 

combining repairing actions for the individual missing is-a 

relations 

 

21 

Department of Computer and Information Science (IDA) 

Linköping University, Sweden 



Example – 

multiple missing is-a relations 

Missing is-a relations 
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Example – 

multiple missing is-a relations 
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Algorithm - properties 

 Sound 

 Minimal solutions 

 Solutions do not introduce incoherence 
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Algorithm - extension 

 Finding additional solutions 

Example: 

 

 

 

 

 

 Is-a relation A ⊑ B in a repairing action can be replaced 

with P ⊑ Q  where P is a super-concept of A and Q is a 

sub-concept of B 

 Source and Target sets 
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Given: 
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 Future work 
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Implementation 

 System for repairing missing is-a relations in ALC acyclic 

terminologies 

 Implemented in Java 

 Uses Pellet 

 Pellet modified to extract the completion graph 
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Implementation 
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Implementation 
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Future work 

 Detecting missing is-a relations  

 Debugging wrong is-a relations 

 Debugging is-a relations and mappings in ontology 

networks 
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