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Course Outline

• Ontologies and the Semantic Web
• Ontology Design and Ontology Design Patterns
• Content Ontology Design Patterns
• Design by Re-Engineering
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Reengineering OPs

Definition
• Reengineering OPs are transformation rules applied in order to create a new 

ontology (target model) starting from elements of a source model

• The target model is an ontology, while the source model can be either an 
ontology, or a non-ontological resource 

• e.g., a thesaurus concept, a data model pattern, a UML model, a linguistic structure, 
etc. 

• Two types:
• Schema reengineering OPs are rules for transforming a non-OWL DL metamodel into 

an OWL DL ontology

• Refactoring OPs provide designers with rules for transforming, i.e. “refactoring”, an 
existing OWL DL “source” ontology into a new OWL DL “target” ontology

• E.g. a guideline to reengineer a piece of an OWL ontology in presence of a requirement 
change, as when moving from individuals to classes, or from object properties to classes. 
See also N-ary relation tranformation pattern
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Ontology-related data: knowledge resource types

• Modeling Languages
• E/R, UML, XSD, Petri Nets, ebXML, BPEL4WS 

• Conceptual models
• Database schemas, UML diagrams, XSD schemas, etc. 

• Informal Data Structures
• Spreadsheets, tables, etc.

• Lexical resources
• WordNet, FrameNet, Oxford Dictionary, etc.

• Concept Schemes
• Thesauri, classifications, nomenclatures, etc.

• Open tag systems
• Flickr, Wikipedia, MySpace, ...

• Linked Open Data
• DBpedia, Microformats, RDFa, etc.

• Text extractors
• Text2Onto, TermExtractor, SST, Frame Detector, ...
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Searching and using ontologies, on-the-fly data reengineering

• Watson and the NeOn Toolkit
• Sindice
• Yago
• Umbel
• Freebase
• OpenLink Data Explorer over Linked Open Data
• GRDDL, RDFa and Microformats





Integrated knowledge search

Yago

everything based on a 
centralized ontology ...

of mixed quality

Umbel

Freebase



RDF triples can contain all sorts of 
relations, as shown with reference to 
DBpedia triples related to the Third 
Crusade: subjects, alternate pages, 
copyright forms, types, icons, etc. are all 
related to the Third Crusade page in a 
way that makes the results of the search 
still confusing (although better than 
googling, or browsing WikiPedia for a 
machine)



How Linked Data Materialize on the Web

Generated "on the fly" via RDF middleware from:

Existing Web Pages (POSH, Microformats, eRDF, RDFa, GRDDL)

Web 2.0 Data Spaces (Social Networks, Blogs, Wikis, Bookmarks, Online 
Discussions / Conversations etc)

Web Services (SOAP and REST)

Enterprise Data Sources

SOA oriented Web Services

XML based Data Warehouses and Views

Enterprise Databases (ODBC, JDBC, OLE-DB, ADO.NET, XMLA, Native CLIs)

Community driven extraction efforts

       DBpedia, Bio2RDF, and many other Linking Open Data projects



Reengineering dynamic web content



Reengineering web service content



Reengineering web content



Reengineering enterprise data



Reengineering relational databases



  

Modeling Languages, conceptual schemas, and informal data 
structures
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Example: Sales/Order Process 1/2 

• Natural language
• Sales/Order Processing (SOP)
• Reengineered from IBM WebSphere web site

• UML use case and activity diagram

16
Handbook of Ontologies for Business Interaction. The IDEA Group 2007
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Example: Sales/Order Process 2/2

• Data model patterns
• Kinds of Contracts
• re-engineered from ʻData Model Patternsʼ (D.C. Hay. 96) Workflow 

patterns

17
Handbook of Ontologies for Business Interaction. The IDEA Group 2007
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Workflow: CP specialization
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Some workflow patterns (re-engineered from van der Aalst)
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Merging data models and workflow patterns in OWL CPs

20
Handbook of Ontologies for Business Interaction. The IDEA Group 2007
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An example from a DTD-based XSD

21
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Spreadsheet2RDF (e.g. rdf123)

rdf123:metadata,,,,,,,,,
title,Computing lab members,,,,,,,,
comment,8 June 2007,,,,,,,,
row head,true,,,,,,,,
start row,8,,,,,,,,
type,rdf123:ConvertedSpreadsheetInRDF,,

NAME,EMAIL,OFFICE,,,,,,,
Al Turing,amt@umbc.edu,ITE332,,,,,,,
Don Knuth,dek@umbc.edu,ITE332,,,,,,,
Marvin Minsky,mlm@umbc.edu,ITE442,,,,,,,

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 
@prefix dc: <http://purl.org/dc/elements/1.1/> . 
@prefix rdf123: <http://rdf123.org/> . 
 
 
< > a rdf123:ConvertedSpreadsheetInRDF; 
dc:title "Computing lab members; 
rdfs:comment "8 June 2007". 
 
[]  a foaf:Person; 
foaf:name "Al Turing"; 
foaf:mbox "amt@umbc.edu"; 
foaf:offceNumber "ITE332". 
 
[]  a foaf:Person; 
foaf:name "Don Knuth"; ... 
... 

mailto:amt@umbc.edu
mailto:amt@umbc.edu
mailto:dek@umbc.edu
mailto:dek@umbc.edu
mailto:mlm@umbc.edu
mailto:mlm@umbc.edu
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/2000/01/rdf-schema#
http://www.w3.org/2000/01/rdf-schema#
http://purl.org/dc/elements/1.1/
http://purl.org/dc/elements/1.1/
http://rdf123.org/
http://rdf123.org/
mailto:amt@umbc.edu
mailto:amt@umbc.edu


  

Lexical resources, concept schemas, and web 2.0
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Linguistic dictionaries and thesauri

Oxford American Dictionary
desire |dəˈzī(ə)r| |dəˌzaɪ(ə)r| |diˌzaɪ(ə)r| |dɪˌzʌɪə|
noun
a strong feeling of  wanting to have something or wishing for something to happen : [with infinitive ] a desire to work in the 
dirt with your bare hands.
• strong sexual feeling or appetite : they were clinging together in fierce mutual desire.
verb [ trans. ]
strongly wish for or want (something) : he never achieved the status he so desired | [as adj. ] ( desired) it failed to create the desired 
effect.
• want (someone) sexually : there had been a time, years ago, when he had desired her.
• archaic express a wish to (someone); request or entreat.
ORIGIN Middle English : from Old French desir (noun), desirer (verb), from Latin desiderare (see desiderate ).

Thesaurus
desire
noun
1 a desire to see the world wish, want, aspiration, fancy, inclination, impulse; yearning, longing, craving, hankering, hunger; 
eagerness, enthusiasm, determination; informal yen, itch, jones.
2 his eyes glittered with desire lust, sexual attraction, passion, sensuality, sexuality; lasciviousness, lechery, salaciousness, 
libidinousness; informal the hots, raunchiness, horniness.
verb
1 they desired peace want, wish for, long for, yearn for, crave, hanker after, be desperate for, be bent on, covet, aspire to; 
fancy; informal have a yen for, have a jones for, yen for, hanker after/for.
2 she desired him be attracted to, lust after, burn for, be infatuated by; informal fancy, have the hots for, have a crush on, be 
mad about, be crazy about.
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WordNets
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FrameNets
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Thesauri: Agrovoc
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How to compare them?

• How to compare descriptions that use different representations and are 
mostly missing formal semantics?
• e.g. logic, informal, linguistic, topic-based, ...

• Current trend: meta-modeling
• e.g. LMM for OWL, WordNet, FrameNet, KOS, LMF
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W3C WNET Schema (Lexicon2ABox approach)
• http://www.w3.org/2006/03/wn/wn20/
• http://www.w3.org/2001/sw/BestPractices/WNET/wn-conversion.html#primer

http://www.w3.org/2006/03/wn/wn20/
http://www.w3.org/2006/03/wn/wn20/
http://www.w3.org/2001/sw/BestPractices/WNET/wn-conversion.html#
http://www.w3.org/2001/sw/BestPractices/WNET/wn-conversion.html#
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An example of wordnet in owl (Lexicon2ABox approach)
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SKOS Vocabulary (KOS2ABox approach)
• http://www.w3.org/2004/02/skos/vocabs

http://www.w3.org/2004/02/skos/vocabs
http://www.w3.org/2004/02/skos/vocabs
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OntoFrameNet (a different Lexicon2ABox approach)

• http://www.loa-cnr.it/ontologies/
FrameNet/ofn.owl

• based on cDnS ontology: http://
www.loa-cnr.it/ontologies/
OFN.owl 

http://www.w3.org/2004/02/skos/vocabs
http://www.w3.org/2004/02/skos/vocabs
http://www.w3.org/2004/02/skos/vocabs
http://www.w3.org/2004/02/skos/vocabs
http://www.loa-cnr.it/ontologies/OFN.owl
http://www.loa-cnr.it/ontologies/OFN.owl
http://www.loa-cnr.it/ontologies/OFN.owl
http://www.loa-cnr.it/ontologies/OFN.owl
http://www.loa-cnr.it/ontologies/OFN.owl
http://www.loa-cnr.it/ontologies/OFN.owl
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From “raw” data to patterns

• Moving from “raw” knowledge resources to networked ontologies require:
• Ontology requirement analysis (domain(s), task(s), and sustainability constraints for 

ontologies to be built/managed)
• Tool/resource requirement analysis (functionalities to be covered by tools, and 

competences needed)
• Project planning (deciding on knowledge resources, economic resources, team 

composition and responsibilities, data copyright management, tools)
• Workflow decision (specially for reengineering and argumentation)
• Rationale elicitation (“critiquing” the reengineered data)
• Providing solutions (e.g. based on design patterns, or conveying new ones)

• Not one, “best” waterfall methodology
• A project can start spontaneously to solve a rationale elicitation problem, can be 

planned in order to reengineer knowledge resources, or to reuse existing ontologies or 
patterns, etc.

• A project can be started either with or without requirement analyses. 
• Even the solutions can consist only of a “bulk” reengineering process, without explicit 

patterns
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Legacy aquaculture hierarchies from fishery 
terminology systems

AQUACULTURE (AGROVOC)
NT1 fish culture
   NT2 fish feeding
NT1 frog culture
 …
rt agripisciculture
rt aquaculture equipment
 …
Fr aquaculture
Es acuicultura

AQUACULTURE (ASFA)
 NT Brackishwater aquaculture
   NT Freshwater aquaculture
   NT Marine aquaculture     
     rt Aquaculture development
     rt Aquaculture economics
     rt Aquaculture engineering
     rt Aquaculture facilities

Biological entity (FIGIS)
    Taxonomic entity

  Major group
Order

  Family
  Genus

     Species
            Capture species (filter)

   Aquaculture species (filter)
        Production species (filter)

         Tuna atlas spec
 

SUBJECT (OneFish)
 Aquaculture

                             Aquaculture development
                              Aquaculture economics @

                      Aquaculture planning
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Sample data model analysis/conversion (KOS2TBox approach)

Term ≠ Concept
Term = String (or Lexical Item)
Concept = Class
BT ≈ subsumption between classes
RT ≈ top-level conceptual relation
{Descriptors} = ∪{Classes},{Individuals}
Individual ∈ Class
Concept ≠ Subject/Topic/Domain
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Conversion: effects on translation (1)

 agrovoc_schema:Descriptor
• agrovoc:River
• agrovoc:Amazon

↓

 owl:Class(agrovoc:River)
 owl:Individual(agrovoc:Amazon(rdf:type agrovoc:River))
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Conversion: effects on translation (2)

 agrovoc:RT
 agrovoc_schema:Descriptor

• agrovoc:Fishing_vessel
• agrovoc:Fishing_gear
• agrovoc:Fishing_vessel,RT,Fishing_gear

↓

 Class(agrovoc:Fishing_vessel partial 
       (restriction(agrovoc:RT  

 someValuesFrom(agrovoc:Fishing_gear))))
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Ontology evaluation
• Domain: entity types, expertise patterns

• is the ontology appropriate to context?
• Task: competency questions

• is the ontology appropriate to support relevant queries?
• Resources: tools and personnel

• is the ontology (structure, function, annotations) manageable and cost-
effective?

• Direct measuring of graphs and annotations
• Black-box/glass-box measuring of admissibility wrt 

conceptualization
• Indirect measuring via user feedback, and correlation
• Principles, diagnosis and trade-offs
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Possible theses and research issues

• Re-engineering patterns
• Implementation of tools supporting pattern-based design  
• Pattern-based evaluation and selection of ontologies
• ...


