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Overview

• Scope and method
• SIMBAD object types
• Ontology of astronomical object types
• SIMBAD consistency checker
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Scope and method

• General goal: exploring the possibilities offered by 
formal ontologies in the Astronomy field
– Build ontology from scratch on a simple enough case
– Develop application use-cases

• An ontology of astronomical object types
– Object types are a well-known, well-sized field with 

potential ontology-based applications 
– SIMBAD's object types list as starting point
– Defined concepts and use of automated reasoning
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SIMBAD Object Types
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SIMBAD object types 
(1/2)

• SIMBAD
– Reference database of astronomical objects
– 3.9 million objects
– Identifiers, bibliography, measurements, otypes

• SIMBAD object types (otypes)
– 198 different otypes
– Covering most of the domain with a sensible covering factor (e.g. QSO 

exists, but not QSO1 nor QSO2)
– Organized in a simple hierarchy
– Used to annotate individual objects
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SIMBAD object types 
(2/2)
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Ontology of Astronomical 
Object Types
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Ontology overview

• Contents:
– Concept-centered: 367 concepts, 108 defined
– 303 restrictions on 27 properties
– 13 annotations

• Implementation:
– Formalized using description logic SHOIQ(D)
– OWL 1.1 (extension of OWL-DL)

• Could currently be reduced to SHIQ / OWL-DL

• Tools:
– Protégé editor and Protégé-OWL API
– Automated reasoning (with Pellet)



Feb 18th, 2008  9/22

Ontology construction

• Study to determine the technologies to use
• First ontology version directly derived from SIMBAD
• IVOA Technical Note (Feb.19, 2007)
• Second version enhanced with domain experts

• AGN: Paolo Padovani (ESO)
• YSO, diffuse matter: Laurent Cambrésy (CDS)

• Real world-linkable information added
• Measurements
• Keywords from databases and registries

• Use-case: SIMBAD consistency checker



Feb 18th, 2008  10/22

Ontology highlights

• Annotations help keep additional information 
centralized in the ontology without a reasoning 
load increase

• e.g. simbad:shortCode, vizier:kwd, interface:naturalName

• Restrictions neither necessary nor sufficient on 
objects usually expressed backwards to include 
the knowledge without over-constraining the 
concepts

– VariableObject    hasMeasurement some VariabilityPeriod  : too strong
– VariabilityPeriod isMeasuredFor     only   VariableObject     : better
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Protégé concept view
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Protégé property view
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Protégé graph 
visualization
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SIMBAD Consistency Checker
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SIMBAD objects, 
multiple otypes (1/2)

• Each object has associated otypes
• Some identifiers correspond to catalogs having an 

otype
• Each object detected in a catalog inherits the 

catalog's dominant otype
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SIMBAD objects, 
multiple otypes (2/2)
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Consistency checker 
goals (1/2)

• Consistency check of an object's otypes WRT 
ontology

• Consistency check of measurements WRT otypes
• If inconsistent, indicate the cause(s) of the 

problem
• If consistent, suggest possibly missing otypes
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Consistency checker 
goals (2/2)

LIN && G && AGN && Rad && IR && GiC && GiG && QSO && X 
=> Consistent?
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SIMBAD consistency 
checker

Ontology

SIMBAD Servlet/UI

Reasoner

1.query on objects

     2. {otypes, measurements}

      3. {concepts, restrictions}

5. consistency results

4. consistency check

6. results
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Consistency results 
(1/2)
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Consistency results 
(2/2)

IRAS 20266+3856: 
consistent

CSO 619: inconsistent

≠
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SIMBAD  consistency
checker highlights

• Ontology independent from SIMBAD
• Local graph visualization of otypes within the 

ontology using Graphviz
• Check time: ~2.4s/object (25 objects/min)
• The SIMBAD data <-> concepts link 

can work both ways
• With little tagging beforehand, ontology could be 

used with another database


