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1. Overview & Methodological Context 

2. Session 1 - Linked Open Terms (LOT) + Chowlk 

3. Session 2 - Basic Formal Terms (BFO) 

4. Questions/ Discussion 

5. Coffee Break  (30 m)

6.    Session 3 - exTreme Design (XD) 

7. Ontology Engineering and KGEs 

#
#
#


Speakers

• María Poveda-Villalón, 
Universidad Politecnica de Madrid, 
Spain.

• Anna Sofia Lippolis, Università 
di Bologna, Italy & CNR, Italy

• John Beverley, University of 
Buffalo 



Ontology Engineering

Ontology engineering is the discipline that investigates the principles, methods, 
and tools for creating and maintaining ontologies (Iqbal et al., 2013).

Today's pipeline of popular methodologies:


1. Requirements 

Elicitation


2. Ontology 

Conceptualization


3. Ontology 
Evaluation



Why do we need it?

Many examples of failures are known, mostly based on the following aspects:


lack of consensus


lack of interoperability


lack of formality


technological limits



Comparative Experiment

A one-fits-all methodology does not exist due to different requirements, 
data, and resources (e.g., available people). In this tutorial, you will have an 
overview of the following ones:

• Linked Open Terms (Poveda-Villalón et al., 2020) - 304 citations,
• eXtreme Design (Presutti et al., 2009) - 197 citation,
• Basic Formal Ontology (Otte et al., 2020) - 202 citations,

• Ontology Engineering with LLMs (Lippolis et al., 2025) - 46 citations.



Use Case - PFAS
Per-and polyfluoroalkyl substances - PFAS

- Persistent artificial molecules 
- Exposing significant risks to human health

Illustration credit: capecod.gov



PFAS Lifecycle



PFAS Sub-areas

Chemistry                    Exposure                   Measurements



French platform dedicated to environmental data

Centralizes heterogeneous pollution resources


Scientific papers


Technical reports


Government 
documents


Environmental 
observations

•https://pdh.cnrs.fr/en/

What is PDH (PFAS DATA HUB)?

https://pdh.cnrs.fr/en/


Why is PDH useful for PFAS?

 Scattered Knowledge
PFAS knowledge is currently 
scattered across many different 
sources.

 Multiple Formats
Data exists in various forms: PDFs, 
technical reports, and 
measurements.

Complex Analysis
Manual analysis of these diverse 
sources is difficult and 
time-consuming.

 PDH Solution
PDH effectively aggregates and 
centralizes all relevant information.



What information can we extract?


Entities
• PFAS compounds

• Locations

• Measurements


Health & Regs

• Health effects

• Regulations


Relations

• “Contaminates”

• “Detected_in”

• “Causes”



PDH Entities

Chemical entities:
PFAS compounds (PFOA, PFOS, GenX) , Other pollutants

Environmental entities:
Rivers, lakes, groundwater, Industrial sites

Measurement entities:
Concentration values, Sampling dates

Health entities:
Toxicity effects, Bioaccumulation



Examples from PDH

“PFOA detected in groundwater 
near industrial area”

Entity: PFOA

Location: groundwater

Relation: “detected_in”

“PFOS concentration exceeded 
regulatory threshold”

Entity: PFOS

Measurement: concentration value

Relation: “exceeds_threshold”



EAD project based on PDH

https://labrouk.github.io/site/EAD.html 

Environmental Anomaly Detection and Health Impacts: Addressing 
PFAS Risks

https://labrouk.github.io/site/EAD.html


EAD project based on PDH

Session 1C: Ontology Engineering (I) May 12th

“OntoPFAS: an Ontology for the Forever Chemicals”
Davide Di Pierro, Lylia Abrouk, Alexis Guyot, Danai Symeonidou, Pierre Labadie and 
Benjamin Lysaniuk

Project Networking session

“EAD: Environmental Anomaly Detection and Health Impacts for PFAS 
Risk Analysis”
Lylia Abrouk, Davide Di Pierro and Danai Symeonidou
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License
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● This work is licensed under the Creative Commons Attribution – Non 
Commercial – Share Alike License

● You are free:
- to Share — to copy, distribute and transmit the work
- to Remix — to adapt the work

● Under the following conditions
- Attribution — You must attribute the work by inserting

• “[source http://www.oeg-upm.net/]” at the footer of each reused slide
• a credits slide stating: “These slides are partially based on “Ontology development 

methodology” by M. Poveda-Villalón”
- Non-commercial
- Share-Alike



Some Ontology Development Methodologies
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• Competency Questions 
technique

• Intermediate 
representations

• Activities identification 
and definition

• Activities organization

• Best practices
• Lightweight
• Common problems addressed
• Frames oriented… but still 

applicable

• Collaborative process
• Local adaptations

• 9 Scenarios
• Activity templates
• Guidelines for: specification, 

ontology reuse, NOR reuse, 
ODP reuse, scheduling, etc.



Ontology Development Methodologies
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• Towards lightweight and agile processes

• Inspiration from software development practices

• Coupling Software and ontology development

Slide taken from “Trendy Practices and Tools in Ontological Engineering” by Dr. María Poveda 
Villalón



Ontology development process overview
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Legend Activity▪ Actor Output activity 
flow

Ontological 
requirements 
specification

Ontology 
implementation

ORSD

▪ Ont. Devel.
▪ Ont. Devel.
▪ Users
▪ Experts

Ontology 
maintenanc

e

Issue tracker

▪ Ont. Devel.
▪ Users
▪ Experts

Ontology

Ontology 
Publication

Online 
ontology

▪ Ont. Devel.

http://lot.linkeddata.es/

http://lot.linkeddata.es/


Requirement specification
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Requirement specification

23



Requirement specification – Competency Questions
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 Following Competency Questions/Natural language statements techniques

• A sample record shall be associated with a current site name 
• A site shall have a textual identifier or name 
• A site can be located within a town 
• A town is a geographic administrative entity 
• Multiple sample records can belong to the same site 
• A sample shall be associated with a sample point sequence identifier 
• A sample point sequence identifier shall include one measurement per parameter
• The possible parameters are: HFPO-DA_A, PFODA_A, PFOS_A, PFUNDA_A, N-MeFOSAA, PFPEA_A, 

PFPES_A, 6:2 FTS_A, N-EtFOSAA, PFHXA_A, PFDOA_A, PFOA_A, PFDA_A, PFDS_A, PFHXS_A, 
PFBA_A, PFBS_A, PFHPA_A, PFHPS_A, PFNA_A, PFTEA_A, 8:2 FTS_A, PFHXDA_A, PFNS_A, 
PFTRIA_A, PFOSA, 4:2 FTS_A, ADONA_A, PFOA + PFOS and SUM OF 6 PFAS

• A sample shall have a sample date that represents the time at which the sample was collected 
• A sample shall have a sample type 
• The possible sample types are: AS, BC, BD, BM, CO, DW, E, FE, FA, FR, GR, GW, L, LG, LV, MA, MEA, 

MLK, MU and N
• An analytical result shall have a concentration value 
• Concentration values can be associated with measurement units 
• An analytical result can optionally have a laboratory qualifier 
• The possible laboratory qualifiers are: B, B*, D, E, EMPC, J, J*, JB, LQV, T, U, UJ, UT and *



Requirement specification

25

CORAL corpus provides examples and 
requirements patterns
http://coralcorpus.linkeddata.e
s/

http://coralcorpus.linkeddata.es/
http://coralcorpus.linkeddata.es/


Implementation
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Implementation - Conceptualization
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• Goal: build an ontology model from the ontological 
requirements identified.

• Could be graphical or described in a formal 
system

• You can use
• Blackboard
• Pen & pencil
• Drawing tools (diagrams.net, visio, yEd…)https://chowlk.linkeddata.es
/ 

Ontology 
Engineer

Domain 
Expert

https://chowlk.linkeddata.es/
https://chowlk.linkeddata.es/


Chowlk Ontology visual notation
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▪ Based on UML_Ont profile [Haase, et al., 
2009] 

▪ Building blocks for OWL 1 and some OWL 2
o Metadata
o Prefixes
o OWL elements

▪ Notation alternatives 
o Compact vs extended versions
o Abbreviations

UML_Ont (Haase, et al. "D1. 1.2 updated 
version of the networked ontology model." 
NeOn Project Deliverable. (2009).



Chowlk Ontology visual notation
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https://chowlk.linkeddata.es/notation.ht
ml 

https://chowlk.linkeddata.es/notation.html
https://chowlk.linkeddata.es/notation.html


Chowlk framework
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Visual notation

Templates



Templates
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Templates
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Copy the URL of 
the library you 
need



Templates
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• You can now look for the subset of shapes and just click to use them

Metadata 

template in 1 

click! ☺Tip: colour has no meaning, 

you can use it to identify 

namespaces in classes



Available resources
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Visual notation

Template
Examples

OWL converter

https://chowlk.linkeddata.es 

https://chowlk.linkeddata.es/notation.ht
ml 

https://github.com/oeg-upm/Chowl
k Apache-2.0 
license 

+ diagrams.net plug-in
Only for desktop version

https://chowlk.linkeddata.es
/examples.html 

https://chowlk.linkeddata.es/
https://chowlk.linkeddata.es/notation.html
https://chowlk.linkeddata.es/notation.html
https://github.com/oeg-upm/Chowlk
https://github.com/oeg-upm/Chowlk
https://github.com/oeg-upm/Chowlk/blob/webservice/LICENSE
https://github.com/oeg-upm/Chowlk/blob/webservice/LICENSE
https://chowlk.linkeddata.es/examples.html
https://chowlk.linkeddata.es/examples.html


Chowlk Converter
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Export XML
from 
diagrams.net

Convert into 
OWL with 
Chowlk

Continue in 
Protégé
 (if you want)



Implementation - Conceptualization
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• A sample record shall be associated with a current site name 
• A site shall have a textual identifier or name 
• A site can be located within a town 
• A town is a geographic administrative entity 
• Multiple sample records can belong to the same site 
• A sample shall be associated with a sample point sequence identifier 
• A sample point sequence identifier shall include one measurement per parameter
• The possible parameters are: …
• A sample shall have a sample date that represents the time at which the sample was collected 
• A sample shall have a sample type 
• The possible sample types are: ..-
• An analytical result shall have a concentration value 
• Concentration values can be associated with measurement units 
• An analytical result can optionally have a laboratory qualifier 
• The possible laboratory qualifiers are: …



Implementation - Conceptualization
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Implementation - Reuse
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▪ Reusing knowledge resources
…

Look for existing ontologies:
https://lov.linkeddata.es
https://bioportal.bioontology.org/searc
h 

Or other resources: 
https://www.disgenet.org/ 
https://www.kegg.jp/ 
http://patho.phenomebrowser.net/#/ 
https://www.uniprot.org/ 
Etc. 

https://lov.linkeddata.es/
https://bioportal.bioontology.org/search
https://bioportal.bioontology.org/search
https://www.disgenet.org/
https://www.kegg.jp/
http://patho.phenomebrowser.net/#/
https://www.uniprot.org/


Implementation - Encoding
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GitHub repository
 

https://github.com/mariapoveda/vicinity-ontology-w
ot 

Openly 
managed in 

GitHub

https://github.com/mariapoveda/vicinity-ontology-wot
https://github.com/mariapoveda/vicinity-ontology-wot


Implementation - Encoding
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Implementation - Evaluation
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Online and notifications in GitHub repository
 

https://github.com/mariapoveda/vicinity-ontology-w
ot • It refers to the activity of checking the technical quality 

of an ontology against a frame of reference. [NeOn]
• Logical consistency checking
• Domain coverage
• Check common errors
• Check functional requirements Themis 

(http://themis.linkeddata.es)

OOPS! 
(http://oops.linkeddata.es/)

https://github.com/mariapoveda/vicinity-ontology-wot
https://github.com/mariapoveda/vicinity-ontology-wot
http://themis.linkeddata.es/
http://oops.linkeddata.es/


Implementation - Evaluation
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Online and integrated in OnToology 
with result in your  GitHub repository

 

http://oops.linkeddata.e
s 

Slide taken from “Trendy Practices and Tools in Ontological Engineering” by Dr. María Poveda 
Villalón

http://oops.linkeddata.es/
http://oops.linkeddata.es/


Evaluation - 
OOPS! – 

OntOlogy Pitfall 
Scanner!

43

▪ Implements the 48 detection methods for 33 pitfalls
o Pitfalls selection
o Selection by dimensions and aspects

▪ Web user interface http://oops.linkeddata.es/  
▪ Web service http://oops-ws.oeg-upm.net/ 

URI 
input

OWL 
code 
input

Importance 
level

Pitfall 
description

Affected 
elements

Pitfall name

Pitfall frequency

Slide taken from “Trendy Practices and Tools in Ontological Engineering” by Dr. María Poveda 
Villalón

http://oops.linkeddata.es/
http://oops-ws.oeg-upm.net/


Implementation - Evaluation
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Available as an online web application 
and  a REST API. Also integrated in 

OnToology 
 

http://themis.linkeddata.e
s 

THEMIS

http://themis.linkeddata.es/
http://themis.linkeddata.es/


Evaluation - 
Themis
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URI input

File input

URI input

File input

Test input Export 
tests in 

RDF

▪ Tool to execute tests to verify an ontology
▪ Based on a controlled testing language
▪ Allows to load test files
▪ Web user interface 

http://themis.linkeddata.es/  

Results 
description

http://themis.linkeddata.es/


Publication
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•HTML generation 
from OWL code

•Multilingual
•Separated sections

+ Diagrams 
+ Descriptions
+ Examples

• Own URI
• purl, w3id, etc.
• Content negotiation
• Registry



Publication
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•HTML generation 
from OWL code

•Multilingual
•Separated sections

+ Diagrams and examples (Some 
ideas: 
https://arxiv.org/abs/2003.13084)

• Own URI
• purl, w3id, etc.
• Content negotiation
• Registry

+ Some tools: 
+ Draw.io
+ yEd graph editor
+ Microsoft Visio

https://arxiv.org/abs/2003.13084


Publication

48



Publication (w3id)

Publish at:
https://w3id.org/def/saref4ci

ty 
Content
Negotiatio
n



Publication (bundle)
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Download bundle 
http://delta.linkeddata.es/def/core

#

Content
Negotiatio
n

upload 
bundle

Server

http://delta.linkeddata.es/def/core
http://delta.linkeddata.es/def/core


Publication – Share your ontology
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https://lov.linkeddata.e
s

▪ Mission: promote and facilitate the reuse of well documented vocabularies 
in the Linked Data ecosystem

 Vocabularies registry and index

 Datalift 
 http://datalift.org/ 

 Started at 2011

 Hosted by OEG

https://lov.linkeddata.es/dataset/lov/
https://lov.linkeddata.es/dataset/lov/
http://datalift.org/


Maintenance
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Openly reported in 
GitHub issue tracker: 
new needs, bugs, etc.



Using the model
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Basics of  Formal 
Ontology



John Beverley, PhD

President, National Center for Ontological Research
Assistant Professor, University at Buffalo

Associate Director, Institute of  AI and Data Science
CEO, Acacia Knowledge Systems Inc. 

INSTRUCTOR



Outline
• Motivation for Ontology Engineering

• Motivation for Basic Formal Ontology

• Theory of  BFO

• Building Ontologies with BFO
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Information Silos

An information silo is an information repository, e.g. management system, 
database, the content of  which cannot be integrated with that of  other 

information repositories using standard computing strategies



Interoperability Strategies

• For the sake of  argument, let us call “interoperability strategies” those 
strategies that mitigate or eliminate information silos

• Interoperability strategies may be divided along at least three axes

Machine-Machine
Human-Human
Human-Machine



Machine-Machine Interoperability

• Involves addressing the more familiar information silos

• Associated interoperability strategies often emphasize common metadata 
standards, business logic, APIs, etc. 

Any two heterogeneous information systems share some 
underlying formal structure



Human-Human Interoperability

• Involves addressing what we might call social silos, which undermine 
consistent communication among agents

• Human-Human Interoperability strategies often emphasize 
consensus-building exercises, dictionaries, evaluation of  natural language, 
etc. 

Any two speakers of  a given natural language share some 
underlying formal structure



Human-Machine Interoperability

• Involves encoding human-human interoperable solutions in a 
machine-readable manner

• Associated interoperability strategies often emphasize data schemas, 
ontologies, knowledge graphs, etc. 

Any two heterogeneous information systems share some 
underlying formal structure



Promise of  Ontology Engineering

• Ontologies are formally well-defined machine-interpretable controlled 
vocabularies designed to represent entities and logical relationships among 
them

• Ontologies make explicit the implicit meanings buried in datasets, by 
using basic principles of  formal logic

• Ontologies provide a semantic layer to connect information silos





ONTOLOGY ENGINEERING IS A DISCIPLINE 
FOCUSED ON STRATEGIES THAT 

SIMULTANEOUSLY ADDRESS INFORMATION 
SILOS AND IMPROVE INFORMATION 

QUALITY



Connection between Pillars

• Too much emphasis on interoperability leads to ontology artifacts that 
lack the the rich axiomatization needed to leverage tools to support 
information quality improvement

• Too much emphasis on the information quality results in information 
silos, unable to leverage common semantics in computing systems to 
promote interoperability 



Best Practices

• Pursuing interoperability and information quality simultaneously can be 
pursued by adopting common best practices in our community 

• Many of  which are shared with the software development community, 
such as having a top-level ontology, adopting modularization, and so on



Outline
• Motivation for Ontology Engineering

• Motivation for Basic Formal Ontology

• Theory of  BFO

• Building Ontologies with BFO



CERTAIN INTEROPERABILITY STRATEGIES 
SUPPORT IMPROVED DATA QUALITY 

BETTER THAN OTHERS



71





BFO Ecosystem 700+ Projects



Methodological Convictions
• Realism – BFO is designed to represent the world, rather than simply concepts 

about the world

• Hub & Spoke – BFO is a hub from which spoke ontologies extend

• Fallibilism – BFO is committed to tracking scientific research over time, which 
might change

• Adequatism – BFO is non-reductive, classes and relations motivated by 
research communities are not ‘paraphrased away’ for example
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Realism

If  we attempt to go from the words we use to the world, it is 
unlikely that we will end up in the same place

If  we attempt to go from the world to the words we use, it is 
more likely we will remain coordinated
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Gene Ontology - 1998 

The mission of  the GO Consortium
 is to develop a comprehensive, 
computational model of  
biological systems, ranging from 
the molecular to the organism level, 
across the multiplicity of  species in 
the tree of  life.



Proliferation of  Ontologies
• When developed correctly, ontologies provide common vocabularies 

with common semantics across multiple domains

• The success of  the Gene Ontology led to a proliferation of  ontologies 
developed by subject-matter experts, computer scientists, and logicians

• Almost none of  which were developed in coordination

• The result was massive incompatibility of  terms and relations, 
confusion, in-fighting, name-calling, etc.



Open Biological and Biomedical Ontologies
• In 2005, a consortium of  biologists 

decided to create standards for ontology 
development

• Such as requiring ontologies be open-source, 
have documentation, include definitions for 
vocabulary terms and...

• Align to a top-level ontology which provides a 
starting point for all ontology development...



Basic Formal Ontology
BFO is such a standard, used by over 700 open-source groups, the first 

ISO/IEC top-level ontology standard, and a “baseline standard” for 
DOD-IC ontology development

81



Python Analogy

• BFO is analogous to the Python programming language; extensions of  BFO 
are analogous to Python libraries

• You could create code that allows you to interact with, say, dataframes or you 
could instead start with Python and import a library like Pandas

• You could create ontology elements that allow you to model artifacts and 
processes or you could instead start with BFO and import an extension



Open Biological 
and 

Biomedical Foundry

Industrial Ontologies Foundry DOD-IC 
Foundry

‘Foundry’ Efforts



Hub & Spoke

Ontologies extending from 
BFO are modules in a larger 
hub & spoke structure

Ontologies are extended by 
downward population, new 
classes have parent classes in 
a hierarchy ultimately leading 
to a BFO class









Hub-and-Spoke



Methodological Convictions
• Realism – BFO is designed to represent the world, rather than simply concepts about 

the world

• Hub & Spoke – BFO is a hub from which spoke ontologies extend

• Fallibilism – BFO is committed to tracking scientific research over time, which might 
change

• Adequatism – BFO is non-reductive, classes and relations motivated by research 
communities are not ‘paraphrased away’ for example



The Occupation 
Ontology
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Adequatism

• Does US SOC cover everything within its intended scope? Likely not. 

• A common semantic layer 
connecting standards reflecting
occupation-related information 
allows for cross-validation, 
identification of  gaps in coverage, 
overlooked synonymous labels and 
descriptions, etc. 



ESCO

Subject-matter experts - among other sources – 
inform the development of  ISCO and ESCO
standards



US SOC

The National Compensation Survey 
and Occupation Outlook Handbook 
inform the development of
US SOC/O*NET  



Semantic Enrichment

• Ontologies designed using a top-level ontology and follow well-defined 
strategies for preserving semantics through extensions

• Exploration, discovery, prediction, and analysis of  enriched data can 
be conducted using the semantic stack and emerging semantic tooling

• All owing to rich shared semantics



Outline
• Motivation for Ontology Engineering

• Motivation for Basic Formal Ontology

• Theory of  BFO

• Building Ontologies with BFO



Continuant



Continuant

• Continuants exist in time, wholly present whenever they exist at all; they 
are entities that lack temporal parts

Continuant

object, quality …



Occurrent



Occurrent

• Occurrents exist over time, in that they have temporal parts  

Continuant

object, quality …

Occurrent

process, event



Classes represent collections of  instances
For example: the class of  tables falls under the class of  objects and your 

dinner table would be an instance of  the former

Class A is_a Class B means any instance of  Class 
A is an instance of  Class B



Specifically Dependent Continuant



Realizable Entity



Continuant Occurrent

process, event
Independent
Continuant

NaCl

Realizable 
Entity

solubility 
Not all dependent entities 

fully manifest when they exist

Realizable Entity

                    ......



Realizable Entity 

• Attributes of  some material bearer that only become manifest under 
certain conditions

• Put another way, realizable entities underwrite what bearers can do



Rule of  Thumb

There is a portion of  sodium chloride before you

• Suppose I ask “Does this portion exhibit a lattice structure?”

• You need only look at the salt to find an answer

• Suppose I ask “Is this portion soluble in unsaturated H2O?” 

• You cannot simply look at the salt to find an answer



C
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Barry Smith instance_of  Agent
Material Entity

Agent

Object
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SUNY Professor instance_of  Professor Role
Material Entity

Object

Agent

Role

Professor 
Role

Realizable Entity
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Barry Smith bearer_of  SUNY Professor
Material Entity

Agent

Role

Professor 
Role

Realizable Entity

Object



Generically Dependent Continuant



Patterns 

• A need arose to represent dependent entities that could migrate across 
bearers

• This need led to generically dependent continuants, continuants that are 
in some sense copyable, i.e. patterns

• For example, “Snow is white” and “Schnee ist weiß” may be used to express 
numerically identical content, i.e. the same pattern 



Real Patterns 

• Some patterns are necessarily about something; some patterns are not

• “Snow is white” expresses content that is about snow

• “cm” or “.” are not necessarily about anything; they are nevertheless 
patterns

• Most generically dependent entities represented in BFO extensions are 
patterns that are about something 



Aboutness 

• Information is a pattern that is about something 

• In BFO extensions - such as the Information Artifact Ontology and the 
Information Entity Ontology - information is represented by the class 
Information Content Entity

• Where the “is about” relation is understood to be primitive:
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Outline
• Motivation for Ontology Engineering

• Motivation for Basic Formal Ontology

• Theory of  BFO

• Building Ontologies with BFO
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Guidance

• Competency questions are used to guide 
ontology development and generate 
unit tests to ensure ontologies are 
sufficiently well-developed

• Identify a preliminary list of  competency 
questions first

• They will help you scope your project

Competency 
Questions

Classes & Relations

Disambiguation

Design Patterns



At what speed does a patrol boat move in knots over an hour?



Classes & Relations

• Using competency questions as guidance, 
list the classes and relations you will need to 
represent to answer the questions

• Create this list through the lens of, say, 
Basic Formal Ontology (BFO) and/or 
Common Core Ontologies classes and relations

• I illustrate using BFO

Competency 
Questions

Classes & Relations

Disambiguation

Design Patterns





Rules of  Thumb

• When identifying classes, describe: 

1. Material entities within scope, i.e. Material Entity
2. Qualities these material entities have, i.e. Quality
3. What these material entities could do, i.e. Realizable Entity
4. What these material entities actually do, i.e. Process
5. Where these material entities and boundaries are located, i.e. Immaterial Entity
6. When these entities exist, i.e. Temporal Region
7. Information we use to talk about 1-6, i.e. Generically Depedent Continuant

https://github.com/BFO-ontology/BFO-2020

https://github.com/BFO-ontology/BFO-2020


Classes

• Material Entities –
• Qualities – 
• Processes – 
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – 
• Information – 

At what speed does a patrol boat move in knots over an hour?



Classes

• Material Entities – Patrol boat
• Qualities – 
• Processes – 
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – 
• Information – 

At what speed does a patrol boat move in knots over an hour?



Classes

• Material Entities – Patrol boat
• Qualities – 
• Processes – Act of  motion
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – 
• Information – 

At what speed does a patrol boat move in knots over an hour?



Classes

• Material Entities – Patrol boat
• Qualities – 
• Processes – Act of  motion, speed?
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – 
• Information – speed?

At what speed does a patrol boat move in knots over an hour?



Classes

• Material Entities – Patrol boat
• Qualities – 
• Processes – Act of  motion, speed*
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – 
• Information – speed* 

use * to note 
ambiguity then move 

on; we will revisit

At what speed does a patrol boat move in knots over an hour?



Classes

• Material Entities – Patrol boat
• Qualities – 
• Processes – Act of  motion, speed*
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – 
• Information – speed*, knots measurement

At what speed does a patrol boat move in knots over an hour?



Classes

• Material Entities – Patrol boat
• Qualities – 
• Processes – Act of  motion, speed*
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – hours*
• Information – speed*, knots measurement, hours* 

At what speed does a patrol boat move in knots over an hour?

use * to note 
ambiguity then move 

on; we will revisit



Disambiguate

• Logic is demanding, in part because it is 
complete

• We make explicit the implicit semantics within
data, which requires disambiguating

• It is easier to stitch meaning together having 
cut it from whole cloth, than it is from 
disparate meanings

Competency 
Questions

Classes & Relations

Disambiguation

Design Patterns



Disambiguation

• Information vs what that information is about, e.g. occupation code vs a 
holder of  an occupation

• Material vs immaterial things, e.g. a given river vs the site where the river used 
to flow

• Bearing properties vs bearers of  properties, e.g. apple’s redness vs the apple

• Processes vs product, e.g. ontology engineering vs ontology produced



Disambiguation

• Information vs what that information is about, e.g. occupation code vs a 
holder of  an occupation

• Material vs immaterial things, e.g. a given river vs the site where the river used 
to flow

• Bearing properties vs bearers of  properties, e.g. apple’s redness vs the apple

• Processes vs product, e.g. ontology engineering vs ontology produced



Revisiting Ambiguity

• “speed” as a process vs information about a process



Revisiting Ambiguity

• “speed” as a process vs information about a process

• Speed is the magnitude of  a change in position over time

INFORMATION



Revisiting Ambiguity

• “speed” as a process vs information about a process

• Speed is the changing of  position over time

PROCESS



Revisiting Ambiguity

• “speed” as a process vs information about a process

WHICH DO WE CARE ABOUT FOR THIS 
COMPETENCY QUESTION?

At what speed does a patrol boat move in knots over an hour?



Simplify

• Material Entities – Patrol boat
• Qualities – 
• Processes – Act of  motion, speed*
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – hours*
• Information – speed*, knots measurement, hours* 

At what speed does a patrol boat move in knots over an hour?



Simplify

• Material Entities – Patrol boat
• Qualities – 
• Processes – Act of  motion, speed*
• Realizables – 
• Sites & Boundaries – 
• Temporal Region – hours*
• Information – speed*, knots measurement, hours* 

At what speed does a patrol boat move in knots over an hour?

simplify the list



Relations

• Material Entities – Patrol boat
• Processes – Act of  motion, speed
• Temporal Region – hours
• Information – knots measurement

At what speed does a patrol boat move in knots over an hour?

and reflect on
relationships among 

the listed entities



Rules of  Thumb
• When identifying relations, describe:

1. Qualities to material entities, i.e. inheres in 
2. Realizables to material entities, i.e. inheres in, has material basis
3. Processes to material entities, i.e participates in
4. Realizables to processes, i.e. has realization
5. Immaterial location of  material entity, i.e. located in
6. When any such entities exist, i.e. exists at, datatype property 
7. When any such entities carry information, e.g. generically depends on

https://github.com/BFO-ontology/BFO-2020

https://github.com/BFO-ontology/BFO-2020


Relations

• Material Entities – Patrol boat
• Processes – Act of  motion, speed
• Temporal Region – hours
• Information – knots measurement

patrol boats participate 
in processes

https://github.com/BFO-ontology/BFO-2020

https://github.com/BFO-ontology/BFO-2020


Design Patterns

• Classes and relations identified, turn 
next to constructing visual representations 
reflecting the competency questions

• If  you have completed the preceding steps, 
this should be relatively straightforward 

Competency 
Questions

Classes & Relations

Disambiguation

Design Patterns



Common Core Ontologies 
Design Pattern representing 

a patrol ship traveling 12 knots 
over 1.5 hours



CI/CD Semantic Pipeline

• Extract, normalize, and transform data into a structured format 

• Using RDFlib, construct RDF graphs that conform to a design pattern

• Leverage ROBOT DevOps to verify ontology/data integrity, e.g. OWL 
reasoners, SPARQL, SHACL

• Leverage targeted reasoning with SPARQL to identify novel relationships

• Update design pattern with new relationships, then repeat
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CI/CD Semantic Pipeline
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https://github.com/Applied-Ontology-Education/Ontology-Tradecraft 

https://github.com/Applied-Ontology-Education/Ontology-Tradecraft


WE MAKE EXPLICIT THE IMPLICIT SEMANTICS IN 
DATASETS, IN THE INTEREST OF ADDRESSING 

INTEROPERABILITY CHALLENGES AND IMPROVING DATA 
QUALITY VIA GENERAL AND TARGETED REASONING



Design Pattern Guidance
• Include a legend or key
• Visually distinguish classes from instances from strings
• Distingish direct relations from shortcuts 
• Read arrows as reflecting “any instance of  class X arrow 

some instance of  class Y”
• Carefully determine how specific/broad to make your 

design patterns

Submission Guidance
• Create a GitHub account and fork the C-FORS BFO 

Summer repo (see here for GitHub guidance)
• Save a diagram reflecting your design pattern to your 

forked repository in the “Submit” directory
• Save a written justification of  your design pattern 

choices
• Open a Pull Request to the C-FORS repository 

Assignment
For each case, construct a BFO-conformant design pattern with justification

https://github.com/Applied-Ontology-Education/2025-C-FORS-BFO-Session 

https://github.com/Applied-Ontology-Education/2025-C-FORS-BFO-Session
https://github.com/Applied-Ontology-Education/2025-C-FORS-BFO-Session/blob/main/contributing.md
https://github.com/Applied-Ontology-Education/2025-C-FORS-BFO-Session
https://github.com/Applied-Ontology-Education/2025-C-FORS-BFO-Session


Case 1

In aircraft_data.xlsx you will find a row for the 
Airbus A320 Neo. 

Construct a BFO-conformant design pattern 
reflecting the content of  every column 

associated with that row. 
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Case 2

In aircraft_data.xlsx you will find a row for the 
Airbus A320-111, designed to have a maximum 
knot approach speed of  142. However, after 5 

approaches, an instance has obtained an 
average maximum knot approach speed of  139. 

Construct a BFO-conformant design pattern 
reflecting the preceding phenomena. 



Case 3

In soc_structure_definitions.xlsx you will find 
three “SOC_TITLE” entries that mention 

“Aerospace Engineer”.

Construct a BFO-conformant design pattern 
that reflects all three entries and their respective 

“SOC Definitions”.



Case 4

In employment_wage_May_2024.xlsx you will 
find three “OCC_TITLE” entries that mention 

“Aerospace Engineer”.

Construct a BFO-conformant design pattern 
that reflects all three entries and their 

associated column information.



Solutions

https://www.youtube.com/watch?v=rXEsc0dDdsA 

https://www.youtube.com/watch?v=rXEsc0dDdsA


XD



Why XD (and ontology engineering) for this use case?

Data is heterogeneous, e.g. different countries use different substance 
names for the same chemical
Also: different matrices/units/coordinate systems

With an ontology, we can align and standardize all of these and query 
them efficiently!

With XD: we can reuse patterns, develop and refine quickly (iterative 
process), ground ourselves in requirements



Let’s see some data

Dataset, ID Name Category WHY chosen

france_ades, 28 Measurement Large authority 
dataset

canonical example

norway_2021_lak
e_Tyrifjorden, 83

Measurement Small (109 rows) surface waters, 
pfas

IT_MITENI_GW, 
55

Measurement
Groundwater near 
MITENI plant 

(major Italian 
PFAS case)

high 
concentrations



The requirements (user stories)

XD starts with the customer. In XD terminology: the customer team is the PDH researchers, 
environmental scientists, and investigative journalists; the design team is us (the ontology engineers); 
and the testing team will later validate CQs against the ontology.

User stories:

"As a researcher, I want to know which PFAS substances were measured at a given water body and at 
what concentrations, so I can assess contamination severity over time."

"As a policy analyst, I want to identify which industrial sites are known or presumptive PFAS sources in a 
given country, so I can map regulatory exposure."

"As a journalist, I want to find all measurement points above a regulatory threshold (e.g., 100 ng/L) that 
are near airports or military bases, to investigate proximity between pollution sources and affected water 
bodies."



Good examples of user stories

Polifonia: 
https://github.com/polifonia-project/stories 

https://github.com/polifonia-project/stories


The requirements (Competency Questions)

CQ1: What PFAS substances were detected at a given location? 

CQ2: What is the concentration of a given substance at a given sampling point, 
and in what unit? 

CQ3: When was a given observation made? 

 CQ4: Which water body does a sampling point belong to? 

Can you think of something else?



The requirements (Competency Questions)

CQ1: What PFAS substances were detected at a given location? 

CQ2: What is the concentration of a given substance at a given sampling point, 
and in what unit? 

CQ3: When was a given observation made? 

 CQ4: Which water body does a sampling point belong to? 

Can you think of something else?



Modeling for a specific domain?

Domain modeling = collaboration



Ontology Design Patterns (ODP) selection

Measurements and observations: SSN/SOSA
Quantity/parameter
Time: TimeInterval

Where? https://github.com/odpa/patterns-repository + WOP works, 
national works

Disadvantage: not all of them and low coverage :( (more on that 
later)

https://github.com/odpa/patterns-repository


ODP selection

Measurements and observations: SSN/SOSA
Quantity/parameter
Time: TimeInterval
Where? 
https://github.com/odpa/patterns-repository + 
WOP works

But also previous works!
See: https://github.com/whow-project

Hydrography, Water indicator, Water 
Monitoring 
https://github.com/whow-project 

https://github.com/odpa/patterns-repository
https://github.com/whow-project
https://github.com/whow-project


Mapping cols to concepts

Dataset → dataset
Location → lat, lon
France → Country
date → date
unit → unit of measure
substance …
value …
less than …



The diagram

draw.io: https://app.diagrams.net/ 
yEd: https://www.yworks.com/products/yed 

Use the Graffoo notation

https://github.com/luigi-asprino/Graffoo4DrawIO

http://draw.io
https://app.diagrams.net/
https://www.yworks.com/products/yed
https://github.com/luigi-asprino/Graffoo4DrawIO


But also: example of modelling pattern

A pdh:PFASObservation observes the concentration of a PFAS chemical substance in water as 
a whow-wm:WaterObservableProperty, which is linked to the actual chemical, such as PFOA or 
PFOS, via whow-wm:hasChemicalSubstance.



The resulting module (Protégé)



Did it answer the CQs?

CQ1 ✅ — What PFAS substances were detected at a given location?

SELECT ?substance ?label WHERE {
  ?obs sosa:hasFeatureOfInterest site:tyrifjorden_S1 ;
       sosa:observedProperty ?prop .
  ?prop whow-wm:hasChemicalSubstance ?substance .
  ?substance rdfs:label ?label .
}



Did it answer the CQs?

CQ2 ✅ — What is the concentration of a given substance at a given sampling 
point, and in what unit?

SELECT ?value ?unit WHERE {
  ?obs sosa:hasFeatureOfInterest site:miteni_GW1 ;
       sosa:observedProperty ?prop ;
       whow-wm:hasResult ?result .
  ?prop whow-wm:hasChemicalSubstance substance:PFHxA .
  ?result qudt:numericValue ?value ;
          qudt:unit ?unit .
}



Did it answer the CQs?

CQ3 ✅ — When was a given observation made?

SELECT ?time WHERE {
  obs:france_ades_001 sosa:resultTime ?time .
}



Did it answer the CQs?

CQ4 ✅ — Which water body does a sampling point belong to?

SELECT ?wb ?label WHERE {
  site:tyrifjorden_S1 whow-wm:isSamplingPointOf ?wb .
  ?wb rdfs:label ?label .
}



Takeaway

CQs are used both for elicitation and for testing → their formulation 
is fundamental

We can reuse existing material and work in modules that we can 
combine for an ontology network → never reinvent the wheel if not 
necessary :)

Collaboration is key (and we need consensus)

Tools are helpful!



Takeaway (ii) – challenges and open problems

- The ODP catalogue is limited and is still evolving
- Reuse requires expertise
- Still, resource consuming: What about LLMs?



LLMs for KE

Many studies on ontology generation 
(&co)! From our side:

- Lippolis et al. 2024 → pilot 
generation with patterns

- Lippolis et al. 2025 → 
comparative generation on a 
wider dataset

- Lippolis et al. 2025b → 
domain-specific generation with 
reasoning models

The general idea is to automate the 
whole XD workflow. But it’s challenging



LLMs for KE – evaluation



LLMs for KE (key points)

- Lack of dedicated datasets
- If data is available, data leakage risks
- Reproducibility? (see Saeedizade et al. 2025)
- Evaluation metrics? → as multidimensional as possible
- Conclusions: LLMs produce decent drafts, but this is not enough: 

- logical and structural issues
- flawed when human-made requirements are flawed 

(propagation)
- less comprehensive
- less coverage (+ unnecessary, duplicate elements…)
- no consensus (?)
- Assistants? Automation? Human in the loop (who and how)?



Suggestions

- Reuse
- Document
- Careful with LLMs

WHOW project: 
https://github.com/whow-project 

Contact us

annasofia.lippolis@istc.cnr.it
andreagiovanni.nuzzolese@istc.cnr.it 

https://github.com/whow-project
mailto:annasofia.lippolis@istc.cnr.it
mailto:andreagiovanni.nuzzolese@istc.cnr.it


Self promo :)

If interested in evaluation, come check out our EMLKE workshop on the 
evaluation of Language Models and our paper in the main conference!



Ontology Engineering and KGEs



Ontology Engineering and KGEs 



Ontology Engineering and KGEs

Resulting 
ttl

LOT



Ontology Engineering and KGEs

Triple 
extraction 
example

LOT Subject Predicate Object

Sample/39173PIX
ELLEANDROSCO
GGINJAYLANDFI
LL

rdf:type ns:Sample

Site/PIXELLEAND
ROSCOGGINJAY
LANDFILL

ns:locatedWithin city/Jay

Sample/39173PIX
ELLEANDROSCO
GGINJAYLANDFI
LL

ns:takenAtSite Site/PIXELLEAND
ROSCOGGINJAY
LANDFILL
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TransE 
results

LOT

Prediction 

Side

Hits@3 Hits@5 Hits@10

Both 0.536 0.589 0.696

Head 0.250 0.286 0.464

Tail 0.821 0.893 0.929
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THANK YOU FOR THE ATTENTION


