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Introduction - Neanex Portal
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1. Ontologies - what & why?



The content of this document (or parts) may not be duplicated or made available to third parties without explicit approval of Neanex Technologies NV Antwerp ©2021

“An ontology is
a formal, explicit specification of a shared 

conceptualisation” 
[1, p. 184].
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[1] R. Studer, V. R. Benjamins, and D. Fensel. “Knowledge Engineering: Principles and methods”. In: Data & Knowledge 
Engineering 25.1-2 (1998), pp. 161–197. doi: 10.1016/S0169-023X(97)00056-6.

1. Ontologies - what?

Synonym: conceptual information model
Specializations: Object Type Library, masterdata, a Linked Data ontology, taxonomy, partonomy, 
dictionary, etc.
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1. Ontologies - what?

1. conceptualization
a. it’s different from your dataset level
b. always an approximation
c. for a specific domain of interest (scope)

2. formal and explicit
a. not only machine-readable, but even machine-interpretable (formal logics - 

unambiguous)
b. logics supported by a  language: trade-off between expressivity and efficiency

3. shared
a. created for multiple users
b. shareable (standards)
c. Application-independent

In summary: not an exchange format nor database model > higher abstraction 
layer
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1. Ontologies - why?

EU layers of interoperability [2]:

1. Legal

2. Organizational

3. Semantic

4. Technical

→ legislation & contracts

→ business workflows & exchange requirements

→ meaning, content of data

→ interface specifications, communication 

protocols & supporting infrastructure

[2] Directorate-General for Informatics (European Commission). New European Interoperability Framework - Promoting 
seamless services and data flows for European public administrations. Tech. rep. 2017, p. 48. doi: 10.2799/78681.
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1. Ontologies - why?
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Successful 
exchange of 
information 

between parties

semantic aspects technical aspects
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1. Ontologies - why?

Semantic interoperability for:
1. support in: software integrations + kickstart new software developments
2. making knowledge explicit and sharing between individuals, departments 

and/or organizations
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2. Scope of ontologies
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Scope of ontologies > content (“concepts” or “terms”)

1. stable identifier for term
2. text name/label for term
3. text definition for term
4. part of ontology
5. active/depreciated
6. kind of concept (class, relations, properties/attributes, datatypes)
7. hierarchical relation to other concepts (specialization/generalization)
8. optional: alignments to concepts from other ontologies
9. optional: references to external non-ontological sources (specifications, web pages, etc.)

10. for classes
a. allowed/required relations and properties (cardinalities)

11. for relations
a. allowed/required source and target classes

12. for properties/attributes
a. allowed/required source class and target datatype
b. in case of quanititative properties: allowed/required units
c. inc case of property with limited options: enumeration list

12

dictionary
taxonomy
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Scope of ontologies > content (“concepts” or “terms”)
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1. stable identifier for ontology
2. text title for ontology
3. text description for ontology
4. optional: preferred prefix and namespace
5. creator and publisher
6. date of publishing and last edit
7. stable identifier for ontology version
8. text description for ontology version
9. links to examples

Scope of ontologies > metadata

14
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Scope of ontologies > metadata
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3. Types of ontologies & examples
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Ontologies by (sub)domain of interest

● sensoring and observations
○ e.g. SOSA/SSN by W3C, SAREF by ETSI, etc.

● geometry 
○ linking of geometry

■ e.g. Ontology for Managing Geometry (OMG), GeoSPARQL by OGC
○ geometry metadata

■ e.g. Geometry Metadata Ontology (GOM)
○ geometry descriptions (content)

■ e.g. OntoBREP, OntoSTEP, etc.

● buildings
○ e.g. BOT, DogOnt, SAREF4BUILDINGS, etc.

● provenance and metadata in general
○ e.g. PROV-O by W3C, DCAT by W3C, DublinCore, etc.

● heritage
○ e.g. Getty Art and Architecture Thesaurus (AAT)

● …
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https://www.w3.org/TR/vocab-ssn/
https://saref.etsi.org/
https://w3id.org/omg
https://www.ogc.org/standard/geosparql/
https://w3id.org/gom
https://github.com/OntoBREP/ontobrep
https://www.govinfo.gov/content/pkg/GOVPUB-C13-f0429972a83a45bcc4c29d1789edc6a7/pdf/GOVPUB-C13-f0429972a83a45bcc4c29d1789edc6a7.pdf
https://w3id.org/bot
http://iot-ontologies.github.io/dogont/
https://saref.etsi.org/saref4bldg/
https://www.w3.org/TR/prov-o/
https://www.w3.org/TR/vocab-dcat-2/
https://www.dublincore.org/specifications/dublin-core/dcmi-terms/
https://www.getty.edu/research/tools/vocabularies/lod/index.html
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Ontologies by their languages and underlying data model

expressed in:
● XSD, JSON schema, etc.

○ e.g. CityGML in XSD
● relational data model

○ e.g. AWV-OTL in sqlite (Flemish road agency)
● EXPRESS (ISO 10303-11)

○ e.g. Industry Foundation Classes (IFC) as a schema
● Digital Twin Definition Language (DTDL, backed by Microsoft)

○ e.g. Real Estate Core ontology (REC)
● Linked Data-based (RDF data model)

○ e.g. BOT and ifcOWL using the RDF(S)+OWL languages, Google’s schema.org using 
RDF(S), REC in Linked Data form using RDF(S)+OWL+SHACL

● …
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https://www.ogc.org/standard/citygml/
https://wegenenverkeer-test.data.vlaanderen.be/doc/implementatiemodel/master/
https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2_TC1/EXPRESS/IFC4.exp
https://github.com/Azure/opendigitaltwins-dtdl/blob/master/DTDL/v2/DTDL.v2.md
https://github.com/RealEstateCore/rec/tree/main/Source/DTDLv2
https://w3id.org/bot
https://standards.buildingsmart.org/IFC/DEV/IFC4/ADD2_TC1/OWL/
http://schema.org
https://github.com/RealEstateCore/rec/tree/main/Source/DTDLv2
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Ontologies by creators / users

● standardization bodies
○ W3C 

■ e.g. SOSA/SSN as standardized by W3D, BOT as maintained by W3C LBD CG)
○ CEN 

■ e.g. Semantic Modeling and Linking (SML) from EN 17632-1:2022 (CEN 442)
○ OGC

■ e.g. GeoSPARQL standardized by OGC
○ ISO

■ e.g. Information Container for Document Delivery (ICDD) from ISO 21597-1:2020
○ buildingSMART international

■ e.g. Industry Foundation Classes (IFC) as a schema

● national interest organizations
○ e.g. IMBOR for public spaces by CROW (The Netherlands)

● individual companies, municipalities, researchers, etc.
○ e.g. Waternet’s OTL, Amsterdam OTL, Google’s schema.org, etc.

● ...
19

https://www.w3.org/TR/vocab-ssn/
https://w3id.org/bot
https://www.nen.nl/nen-en-17632-1-2022-en-304869
https://www.ogc.org/standard/geosparql/
https://www.iso.org/standard/74389.html
https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2_TC1/EXPRESS/IFC4.exp
https://www.crow.nl/thema-s/management-openbare-ruimte/imbor/actuele-versie-imbor
https://otl.waternet.nl/
http://schema.org
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Ontologies by structure

● monolithic ontologies
○ e.g. Industry Foundation Classes (IFC) as a schema, Google’s schema.org
○ large and often complex in structure, potentially more difficult to apply

● top-level ontologies (core ontologies)
○ e.g. Semantic Modeling and Linking (SML) from EN 17632-1:2022 (CEN 442)
○ define compact set of high-level concepts and possible relations

● Object Type Libraries (OTL)
○ e.g. Waternet’s OTL
○ potentially large amount of concepts but structured in a simple way, extending from 

top-level ontologies,  no/limited new types of relations beyond top-level ontologies, 
specific for one organization (e.g. company, municipality)

● alignments as a stand-alone ontologies
○ e.g.  alignments between BOT and other ontologies (SAREF4BUILDINGS, DogOnt, 

BRICK, REC, etc.) maintained by W3C LBD
○ linking concepts of two or more ontologies in a separate ontology
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https://standards.buildingsmart.org/IFC/RELEASE/IFC4/ADD2_TC1/EXPRESS/IFC4.exp
http://schema.org
https://www.nen.nl/nen-en-17632-1-2022-en-304869
https://otl.waternet.nl/
https://github.com/w3c-lbd-cg/bot
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Relevance of Linked Data ontologies

● standardized languages (RDF(S), OWL, SKOS, SHACL)
○ unambiguous descriptions which can be shared
○ multitude of available tools for creating, publishing and applying the ontologies, incl. 

standardized querying, generic reasoning engines, validation tools with standardized 
outputs, etc.

● graphs > convenient for linking concepts:
○ inside the ontology
○ between ontologies (alignments, modularization)
○ always extendible > permissionless innovation

● graphs > easy to query together with your dataset level (ABox)
● web-oriented > convenient for sharing and reusing concepts
● note: you don’t really need ontologies to apply Linked Data (RDF) cfr. 

“schema-less” approaches for NoSQL databases, but there’s an undeniable 
advantage in using them

21
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Linked Data ontologies: bringing it all together

22
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owl:Class

sml:PhysicalObject

yourotl:Bridge

yourdataset:bridgeA

rdf:type

rdfs:subClassOf

rdf:type

Linked Data ontologies: bringing it all together



4. Languages for Linked Data 
ontologies: RDF(S), OWL, SKOS 

and SHACL
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● Open World Assumption (OWA) <> Closed World Assumption (CWA)
○ OWA: if a certain statement does not exist in the known dataset, the statement is 

unknown instead of false
● No Unique Name Assumption (NUNA) <> Unique Name Assumption (UNA)

○ NUNA: the assumption that two things with different IDs might denote the same 
thing, unless stated otherwise

● Terminology/Role box (Tbox/Rbox) <> Assertion box (Abox)
○ Tbox/Rbox: definition of classes, relations/properties and datatypes > only in 

ontology
○ Abox: mainly dataset level, but also possible in an ontology (e.g. enumerations for a 

property)
● reasoning process

○ inferring additional statements from asserted statements and ontological axioms 
with fixed meaning (under OWA and NUNA)

○ different from validating data (requires CWA)

Formal logics

25
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RDF(S) / OWL
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[4] p. 30, M. Bonduel, ‘A 
Framework for a Linked 
Data-based Heritage BIM’, 
Ph.D. dissertation, KU 
Leuven, Ghent, 2021
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SKOS
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[4] p. 33, M. Bonduel, ‘A 
Framework for a Linked 
Data-based Heritage BIM’, 
Ph.D. dissertation, KU 
Leuven, Ghent, 2021
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SHACL > CWA

28



5. Best practices for (Linked Data) 
ontology engineering
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● stable identifiers > URIs that don’t change (see “Cool URIs don’t change”)
○ opaque URIs: avoid human-readable text in URIs
○ ideally dereferenceable URIs

● don’t remove concepts but depreciate whenever possible
● modularization can help increase the uptake
● if possible: create your ontology with

○ different use cases in mind
○ multiple stakeholders in mind (certainly in case of top-level ontology)

● keep your use cases and scope in mind
○ balance between “correctness” and “completeness” vs “applicability” > reusability + 

maintainability
○ no exact science > different solutions possible
○ in most cases: simple logics might suffice

● collecting concepts first > context (relations to others) > definitions
● besides application-independent ideally also project independent

Structure and content

30
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Ontology development process

31

[5] slide 54, 
“Ontology 
development” 
presentation by 
María Poveda 
Villalón at SSoLDAC 
2019 (link)

https://github.com/linkedbuildingdata/SummerSchoolOfLDAC/blob/master/presentations/03_MariaPovedaLDAC2019SS-OE%20.pdf
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● UI-based
○ Protégé: open source
○ TopBraid EDG
○ Laces Library Manager (OTL, SPL, PCL and BPL modules) as part of the Laces Suite

■ free trial for academics
■ lowers barrier for domain experts to document and structure their knowledge

● Code editor
○ write your RDF directly in the preferred serialization (Turtle, JSON-LD, N-triples, etc.) 

using your favourite code editor
○ libraries like OWL API

● UML to OWL:
○ Chowlk (diagrams.net UML)
○ EA-to-RDF (EnterpriseArchitect UML)

Tools for editing Linked Data ontologies
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https://protege.stanford.edu/
https://www.topquadrant.com/vocabulary-management
https://laceshub.com/
https://academic.laces-manager.tech/app/#/
https://github.com/owlcs/owlapi
https://github.com/oeg-upm/Chowlk
https://github.com/Informatievlaanderen/OSLO-EA-to-RDF
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Laces Library Manager - OTL module

33



6. Best practices for (Linked Data) 
ontology publising
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● Create a permaId to ensure a persistent 
namespace (also see Cool URIs)

● Register your prefix at prefix.cc (ask your 
coworkers and friends to upvote it)

● Have your RDF files (pref. in multiple 
serialisations) available openly and online 
○ HTML human-readable documentation 

helps users to understand your ideas!
○ Host it on your own server or on GitHub 

pages / other services
● Provide example data and queries

○ Utilise the SPARQL Visualizer to 
demonstrate your ideas on example 
data and show your intended workflows!

○ You can host your own SPARQL 
Visualizer instance or load your JSON file 
containing the example data

35

[6] source: https://github.com/w3c-lbd-cg/lbd/blob/gh-pages/presentations/general/20210323_Group-Discussion.pdf 

Helpful tools, references and tutorials
● w3id.org

○ Provides permanent identifier
○ HTTP redirects (.htaccess files) to 

hosted HTML documentations and 
RDF files

○ Allows simple migration of 
webspace without breaking links

● prefix.cc
○ Global collection of prefixes and 

their meanings
● WIDOCO or pyLODE or …

○ Application to automatically create 
HTML documentation from RDF 
files (TTL, JSON-LD, etc.)

○ Java/Python, run from cmd or GUI
● Example documentations / demos

○ BOT (Doc - Demo (hosted 
individually))

○ OMG (Doc  - Demo (loading JSON 
file))

https://w3id.org/
https://www.w3.org/TR/cooluris/
http://prefix.cc
https://madsholten.github.io/sparql-visualizer/
https://github.com/w3c-lbd-cg/lbd/blob/gh-pages/presentations/general/20210323_Group-Discussion.pdf
http://w3id.org
http://prefix.cc/
https://github.com/dgarijo/Widoco
https://github.com/RDFLib/pyLODE
https://w3id.org/bot
https://w3c-lbd-cg.github.io/bot/tutorial/
https://w3id.org/omg
https://madsholten.github.io/sparql-visualizer/?file=https:%2F%2Fwww.dropbox.com%2Fs%2Fg1c9oclaxv1l8ud%2Fomg-demo.json
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● Test consistency of the ontology with a 
reasoner

● Check your ontology for pitfalls
● Evaluate if you provided the minimal 

required metadata
● Attach a license to your ontology!
● Talk about your ontology

○ Publication in well-known journals
○ Presentations at international 

conferences
○ W3C calls

● Allow interaction with users
○ GitHub issues, forum, contact details, 

etc.
● Further reading:

○ W3C Best Practices for Publishing Linked 
Data

○ W3C Cool URIs
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Helpful tools, references and tutorials
● Evaluation of ontology

○ OntOlogy Pitfall Scanner (OOPS)
○ DBpedia Archivo (if 

registered/known)
● Discussion on minimal required metadata

○ WIDOCO
○ LOV

● Register your ontology at:
○ Linked Open Vocabulary (LOV)
○ DBpedia Archivo

[6] source: https://github.com/w3c-lbd-cg/lbd/blob/gh-pages/presentations/general/20210323_Group-Discussion.pdf 

https://www.w3.org/TR/ld-bp
https://www.w3.org/TR/ld-bp
https://www.w3.org/TR/cooluris/
http://oops.linkeddata.es/
https://archivo.dbpedia.org/info
https://dgarijo.github.io/Widoco/doc/bestPractices/index-en.html
https://lov.linkeddata.es/Recommendations_Vocabulary_Design.pdf
https://lov.linkeddata.es/dataset/lov/
https://archivo.dbpedia.org/add
https://github.com/w3c-lbd-cg/lbd/blob/gh-pages/presentations/general/20210323_Group-Discussion.pdf
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SPARQL visualizer > providing examples for your ontology
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[7] slide 47, “Ontology 
development” 
presentation by María 
Poveda Villalón at 
SSoLDAC 2019 (link)

https://github.com/linkedbuildingdata/SummerSchoolOfLDAC/blob/master/presentations/03_MariaPovedaLDAC2019SS-OE%20.pdf


References - further reading
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● W3C specs
○ RDF (primer + official spec)
○ RDFS (official spec)
○ OWL (primer + official specs)
○ SHACL (official spec)
○ SKOS (primer + official spec)

● Validating RDF Data. Ed. by Y. Ding and P. Groth. Vol. 7. Synthesis Lectures on the Semantic 
Web: Theory and Technology 1. Morgan & Claypool Publishers LLC, 2018. Chap. 1, pp. 1–6. 
isbn: 9781681731643. doi: 10 . 2200 / S00786ED1V01Y201707WBE016. url: 
https://book.validatingrdf.com/.

● Handbook on Ontologies. Ed. by S. Staab and R. Studer. 2nd ed. Berlin, Germany: Springer, 
Berlin, Heidelberg, 2009, pp. 135–152. isbn: 978-3-540-70999-2. doi: 
10.1007/978-3-540-92673-3_6.

● A. Hogan, E. Blomqvist, M. Cochez, C. d’Amato, G. de Melo, C. Gutierrez, J. E. L. Gayo, S. Kirrane, 
S. Neumaier, A. Polleres, R. Navigli, A.-C. N. Ngomo, S. M. Rashid, A. Rula, L. Schmelzeisen, J. 
Sequeda, S. Staab, and A. Zimmermann. Knowledge Graphs. 2020. arXiv: 2003.02320 [cs.AI].

● Ontology Design Patterns (ODP) > solutions for recurring ontology modeling challenges

References - further reading
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https://www.w3.org/TR/rdf11-primer/
https://www.w3.org/TR/2014/REC-rdf11-concepts-20140225/
https://www.w3.org/TR/2014/REC-rdf-schema-20140225/
https://www.w3.org/TR/2012/REC-owl2-primer-20121211/
https://www.w3.org/TR/owl2-overview/
https://www.w3.org/TR/shacl/
https://www.w3.org/TR/skos-primer/
https://www.w3.org/TR/skos-reference/
https://book.validatingrdf.com/
https://doi.org/10.1007/978-3-540-92673-3_6
https://arxiv.org/abs/2003.02320
http://ontologydesignpatterns.org/wiki/Community:ListPatterns

