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What is an Ontology? 
A model of (some aspect of) the world 

•  Introduces vocabulary  
relevant to domain 

•  Specifies relative meaning  
(aka semantics) of terms 

 Heart is a muscular organ that 
is part of the circulatory system 

•  Formalised e.g. using suitable logic 
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What is the Semantic Web? 
•  According to TBL circa 1998: 

 “... a consistent logical web of data ...” in which 
“... information is given well-defined meaning …” 

•  By now has evolved into: 
 “a platform for distributed applications and sharing (linking) data” 

–  RDF provides uniform syntactic structure for data 

–  OWL provides machine readable schemas (ontologies) 

i.e., a large distributed ontology based information system 



A Brief History of OWL 
•  RDF standard first published 1999; revised 2004 

•  RDF extended to RDFS, a primitive ontology language 
–  classes and properties; sub/super-classes (and properties); 

range and domain (of properties) 

•  But RDFS lacks important features, e.g.: 
–  existence/cardinality constraints; transitive/inverse properties; 

localised range and domain constraints, … 

•  And RDF(S) has “higher order flavour” with no  
(later non-standard) formal semantics 
–  difficult to understand or to provide reasoning support 
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•  Efforts soon merged to produce DAML+OIL 
–  Further development carried out by “Joint EU/US Committee”  

•  DAML+OIL submitted to        as basis for standardisation 
–  WebOnt WG developed OWL (2004) 

–  OWL WG developed OWL 2 (2009) 

•  OWL (2) based on                 (              ) 
Description Logics!? 



•  Fragments of first order logic designed for KR 

•  Useful computational properties 
–  Decidable (essential) 
–  Low complexity (desirable) 

•  Succinct and variable free syntax 

What are Description Logics (DLs)? 
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What did OWL ever do for us? 
Applications after: 

•  eScience, eCommerce, geography, engineering, 
defence, … 

•  Major impact in healthcare and life sciences 

•  Mainstream technology supported by,  
e.g.,                      11g 

•  Increasing impact in business applications 
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What did OWL ever do for us? 
Tools before: 

> (load-tkb "demo.kb" :verbose T)  
  ............................................  
  .........................  
> (classify-tkb :mode :stars)  
  ppppppppppppppppccpcppcccpcppcpcppcccppccpcp  
  pccccppcpcppcccp  
  T  
> (direct-supers ’MAN)  
  (c[HUMAN] c[MALE])  
>"
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Tools, Tools, Tools 
Major benefit of OWL has been huge increase in range 
and sophistication of tools and infrastructure: 
•  Editors/development environments 

•  Reasoners  

•  Explanation,  
justification  
and pinpointing 
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Why Do We Need Tools? 
•  Developing and using ontologies is hard 
•  Reasoning enabled tools allow K-Eng to check if, e.g.: 

–  classes are consistent (no “obvious” errors) 
–  expected subsumptions hold (consistent with intuitions) 
–  unexpected equivalences hold (unintended synonyms) 

≡ 
Banana split Banana sundae 



Case Study: HCLS 
•  OBO foundry includes more than 100 biological and 

biomedical ontologies 
•  Siemens “actively building OWL based clinical solutions” 

•  OWL tools used to find and repair critical errors in 
ontology used at Columbia Presbyterian 

•  SNOMED-CT (Clinical Terms) ontology  
–  used in healthcare systems of more than 15 countries, including 

Australia, Canada, Denmark, Spain, Sweden and the UK 

–  also used by major US providers, e.g., Kaiser Permanente 
–  ontology provides common vocabulary for recording clinical data 
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SNOMED is BIG − over 400,000 concepts  

Pulmonary Tuberculosis 

Pulmonary disease 
due to Mycobacteria 

inflamatory disorder of 
lower respiratory tract 

pneumonitis 

found in lung structure 



Case Study: HCLS 
•  Kaiser Permanente extending SNOMED to express, e.g.: 

–  non-viral pneumonia (negation) 
–  infectious pneumonia is caused by a virus or a bacterium 

(disjunction) 

–  double pneumonia occurs in two lungs (cardinalities) 

•  This is easy in SNOMED-OWL 
–  but reasoner failed to find expected subsumptions, e.g., that 

bacterial pneumonia is a kind of non-viral pneumonia 

•  Ontology highly under-constrained: need to add 
disjointness axioms (at least) 
–  virus and bacterium must be disjoint 



Case Study: HCLS 
•  Adding disjointness led to surprising results 

–  many classes become inconsistent, e.g., percutanious 
embolization of hepatic artery using fluoroscopy guidance 

•  Cause of inconsistencies identified as class groin 
–  groin asserted to be subclass of both abdomen and leg 

–  abdomen and leg are disjoint 

–  modelling of groin (and other similar “junction” regions) 
identified as incorrect 



Case Study: HCLS 
•  Correct modelling of groin is quite complex, e.g.: 

–  groin has a part that is part of the abdomen, and has a part 
that is part of the leg (inverse properties) 

–  all parts of the groin are part of the abdomen or the leg 
(disjunction) 

–  ...  



Case Study: HCLS 
What we learned: 

•  Ontology engineering is error prone 
–  errors of omission (e.g., disjointness) and commission (e.g., 

modelling of groin) 

•  Expressive features of OWL are sometimes needed 

•  Sophisticated tool support is essential 
–  handling ontologies of this size is challenging 

–  domain experts (and logicians!) often need help to understand  
the (root) cause of both inconsistencies and non-subsumptions 

–  surprising and unexplained (non-) inferences are frustrating  
for users and may cause them to lose faith in the reasoner 
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More Tools 
Major benefit of OWL has been huge increase in range 
and sophistication of tools and infrastructure: 
•  Integration and  

modularisation 
•  Extraction 

•  Comparison 

•  Protege 
plugins 

•  APIs,  
in particular the OWL API 



? 



Ongoing Research 
•  Query answering  

–  [Kontchakov et al], [Konev et al], [Baader et al] 

•  Diagnosis and repair 
–  [Horridge et al], [Peñaloza et al] 

•  Extensions  
–  [Motik et al], [Artale et al] 

•  Optimisation/Profiles  
–  [Kazakov], [Glimm et al], [Faddoul et al], [Savo et al] 

•  ... 



•  Standardised query language 
–  SPARQL standard for RDF 
–  Currently being extended for OWL, see 

http://www.w3.org/TR/sparql11-entailment/ 

•  RDF 
–  Revision currently being considered, see 

http://www.w3.org/2009/12/rdf-ws/ 

Ongoing Standardisation Efforts 
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Any questions? 
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