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Philosophy is at heart the study of methods; philosophers seek out 
methods for answering important questions

Once consensus has been reached over methods, they form the basis of 
a scientific discipline



Garden of Forking Paths

• Philosophy is a garden in which scientific disciplines are grown



Garden of Forking Paths

• Philosophy is a garden in which scientific disciplines are grown

• Ontology engineering – despite existing as a field for over 20 years – 
has yet to fully emerge as a scientific discipline



Garden of Forking Paths

• Philosophy is a garden in which scientific disciplines are grown

• Ontology engineering – despite existing as a field for over 20 years – 
has yet to fully emerge as a scientific discipline

• Philosophers turned engineers and engineers turned philosophers do 
not a discipline make

• We need consensus on methods



WHAT DISTINGUISHES ONTOLOGY 
ENGINEERING FROM NEARBY DISCIPLINES?



It Bears Repeating...

• You should seriously ask yourself, what distinguishes ontology 
engineering from: 

Taxonomies
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It Bears Repeating...

• You should seriously ask yourself, what distinguishes ontology 
engineering from: 

Taxonomies

Concept Maps

Data Models

Coding

Database Management

Machine Learning



Non-Starters

• Ontologists use the semantic web stack! 

• Ontologists specifically use the Web Ontology Language (OWL)! 

• Ontologists build ontologies! 

• Ontologists are concerned with universals (or something akin)!
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• Ontologists use the semantic web stack! 

• Ontologists specifically use the Web Ontology Language (OWL)! 

• Ontologists build ontologies! 

• Ontologists are concerned with universals (or something akin)!

INSUFFICIENT



I COME BEARING GIFTS
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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



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

Human-Human
Human-Machine
Machine-Machine
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Human-Human Interoperability

• Concerns the alignment of understanding between human agents

• Often pursued through the creation of shared vocabularies, 
definitions, standards, and practices

• Perhaps facilitated by education, legislation, consensus-building, or 
social conventions



FOR HUMANS



Central Conceit

• Concerns the alignment of understanding between human agents

• Often pursued through the creation of shared vocabularies, 
definitions, standards, and practices, perhaps facilitated by education, 
legislation, consensus-building, or social conventions

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



Human-Human Interoperability

• Ontology engineers operate on this axis when eliciting knowledge 
from domain experts

• This may involve extracting key terms, 
formulating competency questions, or 
evaluating domain-specific generated by 
those experts

• They are not alone along this axis, e.g. 
dictionaries, thesauri, taxonomies, wikipedia



Human-Human Success Conditions

• Success can be measured by the clarity achieved among and across 
stakeholders, the resolution of verbal ambiguities

• As well as extent to which consensus is reached on meanings

• Ask three economists to define “GDP” and you may receive three 
different answers, e.g. Keynsian, classical, developmental, etc. 
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Human-Machine Interoperability

• Concerns the capability of computational systems to interpret and 
act upon human-understandable descriptions of the world

• Promoting human-machine interoperability requires translating 
domain knowledge into formal representations that machines can 
reason over

• For example, in implementations of ontologies, logical models, data 
models, and so on
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Central Conceit

• Concerns the capability of computational systems to interpret and 
act upon human-understandable descriptions of the world

• Promoting human-machine interoperability requires translating 
domain knowledge into formal representations that machines can 
reason over

Any two heterogeneous information systems share 
some underlying formal structure



Human-Machine Interoperability

• Ontology engineers operate along this axis when formalizing expert 
knowledge into machine-readable languages

• Languages such as the Web Ontology Language (OWL) for 
reasoning engines like HermiT and Pellet, variations of First-Order 
Logic 

• Or indeed RDFlib, SPARQL, SHACL, and so on



Human-Machine Success Conditions

• Progress evaluated based on faithfulness of representation and 
human-machine integration

• As well as the extent to which machines can extract useful explicit 
and implicit information from human-defined structures



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

Human-Human
Human-Machine
Machine-Machine



Machine-Machine Interoperability

• Concerns the extent to which independent computing systems can 
exchange, interpret, and process data without human intervention

• Requires robust data structuring, shared semantics, exchange protocols

• At a syntactic level, interoperability can be facilitated through 
standards like JSON-LD, RDF, or OWL, and interfaces such as REST 
APIs or SPARQL endpoints



GET SOME REST



Central Conceit

• Concerns the extent to which independent computing systems can 
exchange, interpret, and process data without human intervention

• Requires robust data structuring, shared semantics, exchange protocols

Any two heterogeneous information encodings share 
some underlying formal structure



Success Conditions

• Contributions along this axis are evaluated in various ways

• Such as:
• Syntactic Coherence - Data format or structure compatible 
• Semantic Alignment - Extent to which systems share semantics
• Computationally Feasibility - Automated reasoning and querying 

across distinct datasets locally or over web protocols
• ....



ONTOLOGY ENGINEERS CONFLATE 
THESE AXES AND SUCCESS CONDITIONS 

OFTEN



Costs of Conflating Axes

• It is common to hear of ontology engineers both eliciting knowledge 
from domain experts and trying to teach experts to build ontologies

• Conflating human-human and human-machine axes

• This is analogous to having a product manager hire a JavaScript expert 
to build a user interface for a new product, only for the JavaScript 
developer to try to teach the product manager how to code in 
JavaScript



WHO WOULD MAKE SUCH A MISTAKE? 
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Connection between Pillars

• Information Quality: Fitness of information for its intended use

• Interoperability is often pursued without reflection on how information 
quality will or may be impacted in applications

• Information quality is often pursued without reflection on how 
interoperability will be obtained



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 



Patchwork Quilt

• Having stitched together databases, if we then aim to ensure 
consistency, completeness, and reliability across such loosely 
connected data sources, we will find ourselves needing to stitch 
together more datasets

• Re-checking and updating our previous stitching, and praying the 
patchwork quilt we have built stays together long enough to support 
our applications



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



Open Biological and 
Biomedical Foundry Industrial Ontologies Foundry DOD-IC Foundry

(OG) Foundry 
Efforts



BASIC FORMAL 
ONTOLOGY





BFO Ecosystem 700+ Projects



THIS IS NOT A POPULARITY CONTEST

BFO IS SO WIDELY USED FOR GOOD REASONS
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Disambiguation

• Type vs an instance of that type, e.g. the instance Algeria vs country

• 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

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



SPEAK ENGLISH 

MAN



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 entities and boundaries are located, i.e. Immaterial 

Entity
6. When these entities exist, i.e. Temporal Region
7. Information about 1-6, i.e. Generically Depedent Continuant

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

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


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


Dependency Chain

• A given process may have realization some realizable entity, which 
inheres in some material entity
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Dependency Chain

• A given material entity is located at some site at some time all of 
which is described by some information



BECAUSE THESE POINTS ARE SO OBVIOUS, THEY 
ARE SO OFTEN OVERLOOKED





INTEROPERABILITY



INFORMATION QUALITY

INFORMATION QUALITY



Systematic Disambiguation

• Ontology engineering is a discipline concerned with systematic 
disambiguation

• “Disambiguate” does not mean find and represent a privileged 
interpretation of some phenomenon 

• It means find and represent the logical space of interpretations of 
some or some related phenomena 



THERE IS NO OTHER DISCIPLINE THAT FOCUSES ON 
SYSTEMATICALLY DISAMBIGUATING DATA IN THE 

MANNER PRESCRIBED HERE

THIS IS OURS, OWN IT



Non-Trivial Consequences

• A complete representation of any use case, scenario, etc. will use 
every class and relationship in BFO

• You won’t address interoperability challenges without building the 
complete representation

• Systematic disambiguation is how we build that complete 
representation

• But this does not mean you have the full graph



Semantic vs Operational Layer

• This does not mean you must use the full graph in every or any 
application

• Operational layers will only need subsets of the full graph; this 
concerns release strategies

YOU SHOULD CUT YOUR RELEASE IN OPERATION FROM 
THE WHOLE SEMANTIC CLOTH
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Finer Point

• I began with the question “what distinguishes ontology engineering 
from nearby disciplines” 

• The answer is our north star, it will guide our consensus, it is the 
rallying cry of the new era: 

Ontology engineering is focused on constructing machine-
interpretable artifacts designed to systematically disambiguate 

information, improve information quality, and facilitate 
information interoperability



OF COURSE, WE ALSO NEED MORE THAN JUST 
CONSENSUS 





Dissemination

• This is not a mere intellectual or academic exercise; the position has 
and will continue to impact training, research, and application

• E.g. Barry and I have (re)trained numerous ontology engineers 
across government, academic, and commercial spaces in the last three 
years

• If you disagree, or think the proposal should be amended, speak up 
sooner rather than later because...



UB Applied Ontology 

• In Fall 2026, UB will enroll the first 
class of applied ontology PhD students 
in the US, and perhaps the world

• At present count, we have a class of
~50 students across MS/PhD

• The program is entirely remote and 
asynchronous





MIT Model

• All of our education material will remain accessible online: https://gith
ub.com/Applied-Ontology-Education 

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


CLOSING REMARKS
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