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ISO/IEC 21838

•Part 1: Top‐Level Ontology Requirements
•Part 2: Basic Formal Ontology
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Email to Graham Shutt on Barry Smith's 
Wolfgang Paul Award (2002)
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John F. Sowa cg@cs.uah.edu to Graham Shutt
Tue, 02 Jul 2002 21:28:01 -0400
•Previous message: CG: Barry Smith's Wolfgang Paul Award 
•Next message: CG: Barry Smith's work in ontology research 

Graham,
Barry Smith is not someone that I would recommend as an expert on 
ontology, and certainly not on its applications to IT (information 
technology). He has published a lot of nonsense on the subject which 
seems to have misled many people (including the people who gave 
him the money).  But I seriously doubt that anything useful will come 
of it.
John   http://mars.virtual‐earth.de/pipermail; CG = Conceptual Graphs



Background

1996 release of yeast genome reference sequence
1998 release of nematode work reference sequence
1999 Gene Ontology (GO)
2000 release of fly genome reference sequence
2001 release human genome reference sequence
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Old biology data
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MKVSDRRKFEKANFDEFESALNNKNDLVHCPSITLFESIPTEVRSFYEDEKSGLIKVVKFRTGAMDRKRSFEKVVISVMVGKNVKKFLTF
EDEPDFQGGPISKYLIPKKINLMVYTLFQVHTLKFNRKDYDTLSLFYLNRGYYNELSFRVLERCHEIASARPNDSSTMRTFTDFVSGAPIV
RSLQKSTIRKYGYNLAPYMFLLLHVDELSIFSAYQASLPGEKKVDTERLKRDLCPRKPIEIKYFSQICNDMMNKKDRLGDILHIILRACALN
GAGPRGGAGDEEDRSITNEEPIIPSVDEHGLKVCKLRSPNTPRRLRKTLDAVKALLVSSCACTARDLDIFDDNNGVAMWKWIKILYHEV
QETTLKDSYRITLVPSSDGISLLAFAGPQRNVYVDDTTRRIQLYTDYNKNGSSEPRLKTLDGLTSDYVFYFVTVLRQMQICALGNSYDAFN
HDPWMDVVGFEDPNQVTNRDISRIVLYSYMFLNTAKGCLVEYATFRQYMRELPKNAPQKLNFREMRQGLIALGRHCVGSRFETDLYE
ATSELMANHSVQTGRNIYGVDFSLTSVSGTTATLLQERASERWIQWLGLESDYHCSFSSTRNAEDVMKVSDRRKFEKANFDEFESALN
KNDLVHCPSITLFESIPTEVRSFYEDEKSGLIKVVKFRTGAMDRKRSFEKVVISVMVGKNVKKFLTFVEDEPDFQGGPISKYLIPKKINLMV
YTLFQVHTLKFNRKDYDTLSLFYLNRGYYNELSFRVLERCHEIASARPNDSSTMRTFTDFVSGAPIVRSLQKSTIRKYGYNLAPYMFLLLH
DELSIFSAYQASLPGEKKVDTERLKRDLCPRKPIEIKYFSQICNDMMNKKDRLGDILHIILRACALNFGAGPRGGAGDEEDRSITNEEPIIP
VDEHGLKVCKLRSPNTPRRLRKTLDAVKALLVSSCACTARDLDIFDDNNGVAMWKWIKILYHEVAQETTLKDSYRITLVPSSDGISLLAFA
GPQRNVYVDDTTRRIQLYTDYNKNGSSEPRLKTLDGLTSDYVFYFVTVLRQMQICALGNSYDAFNHDPWMDVVGFEDPNQVTNRD
RIVLYSYMFLNTAKGCLVEYATFRQYMRELPKNAPQKLNFREMRQGLIALGRHCVGSRFETDLYESATSELMANHSVQTGRNIYGVDFS
TSVSGTTATLLQERASERWIQWLGLESDYHCSFSSTRNAEDVMKVSDRRKFEKANFDEFESALNNKNDLVHCPSITLFESIPTEVRSFYE
EKSGLIKVVKFRTGAMDRKRSFEKVVISVMVGKNVKKFLTFVEDEPDFQGGPISKYLIPKKINLMVYTLFQVHTLKFNRKDYDTLSLFYLN
RGYYNELSFRVLERCHEIASARPNDSSTMRTFTDFVSGAPIVRSLQKSTIRKYGYNLAPYMFLLLHVDELSIFSAYQASLPGEKKVDTERL
RDLCPRKPIEIKYFSQICNDMMNKKDRLGDILHIILRACALNFGAGPRGGAGDEEDRSITNEEPIIPSVDEHGLKVCKLRSPNTPRRLRKT
DAVKALLVSSCACTARDLDIFDDNNGVAMWKWIKILYHEVAQETTLKDSYRITLVPSSDGISLLAFAGPQRNVYVDDTTRRIQLYTDYNK
NGSSEPRLKTLDGLTSDYVFYFVTVLRQMQICALGNSYDAFNHDPWMDVVGFEDPNQVTNRDISRIVLYSYMFLNTAKGCLVEYATFR
QYMRELPKNAPQKLNFREMRQGLIALGRHCVGSRFETDLYESATSELMANHSVQTGRNIYGVDFSLTSVSGTTATLLQERASERWIQW
LGLESDYHCSFSSTRNAEDVMKVSDRRKFEKANFDEFESALNNKNDLVHCPSITLFESIPTEVRSFYEDEKSGLIKVVKFRTGAMDRKRS
EKVVISVMVGKNVKKFLTFVEDEPDFQGGPISKYLIPKKINLMVYTLFQVHTLKFNRKDYDTLSLFYLNRGYYNELSFRVLERCHEIASAR

New biology data
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How to link these two kinds of data
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Answer
1. create the Gene Ontology (GO) = a controlled logically 
structured species‐neutral consensus representation of 
the types biological entities
2. bring about a situation in which thousands of 
biologists use the GO, aggressively, to tag their data

11





GO provides a controlled system of terms for use in 
tagging experimental data

• multi‐species, multi‐disciplinary, 
open source 

• compare: use of kilograms, meters, 
seconds …  in formulating 
experimental results

13



MouseEcotope GlyProt

DiabetInGene

GluChem

sphingolipid 
transporter 

activity

annotation using Gene Ontology (GO) 
terms allows navigation between databases
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annotation using Gene Ontology (GO) 
terms allows navigation between databases

MouseEcotope GlyProt

DiabetInGene

GluChem

Holliday junction 
helicase complex
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Email to Graham Shutt on Barry Smith’s 
Wolfgang Paul Award (2002)
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Graham,
Barry Smith is not someone that I would recommend as an 
expert on ontology, and certainly not on its applications to IT 
(information technology). He has published a lot of nonsense 
on the subject which seems to have misled many people 
(including the people who gave him the money).  But I 
seriously doubt that anything useful will come of it.
John



Background

1996 release of yeast genome reference sequence
1998 release of nematode work reference sequence
1999 Gene Ontology (GO)
2000 release of fly genome reference sequence
2001 release human genome reference sequence
2004 “The Formal Architecture of the Gene Ontology”
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STOP!
Smart Terminologies via 
Ontological Principles

Barry Smith
IFOMIS, Leipzig, 2004



e.g. problems with circularity

• cell fate commitment
=def. The commitment of cells to specific cell fates 
and their capacity to differentiate into particular kinds 
of cells.

This definition has the form:
x is an A =def. x is an A & x is a B



e.g. problems with circularity

• hemolysis 
=def. The processes that cause hemolysis …

21



e.g. problems with constituents, components, 
parts, …

What is the relation between
structural constituent of ribosome 

and
large ribosomal subunit?

http:// ifomis.de 22
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e.g. problems with ‘within’

• lytic vacuole within a protein storage 
vacuole
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e.g. problems with ‘within’
• lytic vacuole within a protein storage 
vacuole

• lytic vacuole within a protein storage 
vacuole is‐a protein storage vacuole

• embryo within a uterus is‐a uterus

• car within a tunnel is‐a car



Michael Ashburner, Professor of Genetics, 
Cambridge
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part_of

is_a

26

GO’s three sub‐ontologies

is_a

cellular component
molecular function
biological process



BFO generalizes GO

Continuant Occurrent

Independent
Continuant

Dependent
Continuant

cellular component

biological process

molecular function



BFO:Entity

BFO:Continuant BFO:Occurrent

BFO:ProcessBFO: Independent Continuant BFO: Dependent Continuant

BFO:Disposition

BFO = Basic Formal Ontology

BFO:Quality BFO:RoleBFO: Material Entity
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Mental Functioning Ontology (MFO) extends BFO
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BFO:Entity

BFO:Continuant BFO:Occurrent

BFO:Process

Organism

BFO:Independent 
Continuant

BFO
MFO

BFO:Dependent Continuant

Mental Functioning Related 
Anatomical Structure

Cognitive 
RepresentationBFO:Quality

Cognitive 
ProcessBFO:Disposition

Planning Thinking Learning



BFO:Entity

BFO:Continuant BFO:Occurrent

BFO:ProcessBFO:Independent 
Continuant

BFO
MFO

BFO:Dependent 
Continuant

Cognitive 
Representation

Affective 
Representation

Mental 
Process

Bodily 
ProcessBFO:Disposition

MFO‐EM

Emotion 
Occurrent

Organism

Emotional 
Action 

Tendency Appraisal

Subjective 
Emotional Feeling

Physiological 
Response to Emotion 

Process

Emotional 
Behavioural 
Process

Appraisal 
Process

Emotion Ontology (MFO‐EM) extends MFO

with thanks to Janna Hastings
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BFO:Entity

BFO:Continuant BFO:Occurrent

BFO:ProcessBFO:Independent 
Continuant

BFO
MFO

BFO:Dependent 
Continuant

Cognitive 
Representation

Affective 
Representation

Mental 
Process

Bodily 
ProcessBFO:Disposition

MFO‐EM

Emotion 
Occurrent

Organism

Emotional 
Action 

Tendency Appraisal

Subjective 
Emotional Feeling

Physiological 
Response to Emotion 

Processinheres_in

Emotional 
Behavioural 
Process

Appraisal 
Process

Emotion Ontology (MFO‐EM)

with thanks to Janna Hastings
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BFO:Entity

BFO:Continuant BFO:Occurrent

BFO:ProcessBFO:Independent 
Continuant

BFO
MFO

BFO:Dependent 
Continuant

Cognitive 
Representation

Affective 
Representation

Mental 
Process

Bodily 
ProcessBFO:Disposition

MFO‐EM

Emotion 
Occurrent

Organism

Emotional 
Action 

Tendency Appraisal

Subjective 
Emotional Feeling

Physiological 
Response to Emotion 

Processinheres_in

Emotional 
Behavioural 
Process

Appraisal 
Process

agent_of

Emotion Ontology (MFO‐EM)

with thanks to Janna Hastings
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BFO:Entity

BFO:Continuant BFO:Occurrent

BFO:ProcessBFO:Independent 
Continuant

BFO
MFO

BFO:Dependent 
Continuant

Cognitive 
Representation

Affective 
Representation

Mental 
Process

Bodily 
ProcessBFO:Disposition

MFO‐EM

Emotion 
Occurrent

Organism

Emotional 
Action 

Tendency Appraisal

Subjective 
Emotional Feeling

Physiological 
Response to Emotion 

Processinheres_in

output_of Emotional 
Behavioural 
Process

Appraisal 
Process

agent_of

Emotion Ontology (MFO‐EM)

with thanks to Janna Hastings
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BFO:Entity

BFO:Continuant BFO:Occurrent

BFO:ProcessBFO: Independent Continuant BFO: Dependent Continuant

BFO:Disposition

BFO is_a hierarchy

BFO:Quality BFO:RoleBFO: Material Entity
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Best ontology John has ever seen
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mediation is_a types
distributively is_a physics
system is_a collectively
collection is_a observables
quality is_a signs
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Signs include all data and sensory stimuli from any source,
including emotions, proprioception, and internal signaling.

Proprioception is_a signs (part_of signs)?

37



GO coverage

generic biological entities of three sorts:
– cellular components (continuants)
–molecular functions (continuants)
–biological processes (occurrents)

GO does not provide representations of diseases, 
proteins, symptoms, anatomy, pathways, …
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Hub and spokes approach

40

BFO



ontologies are networked together and 
developed in coordination with each other 

terms in spokes ontologies are defined logically 
using terms from ontologies nearer the hub



The Gene Ontology vs. the Semantic Web

Michael Ashburner Mark Musen
Cambridge, UK (Drosophila) Stanford, USA (informatics)
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379 Ontologies



Unifying goal of NCBO/Bioportal 
integration of biological and clinical data 
through tagging with ontologies

• within and across domains
• across different species
• across levels of granularity (organ,  

organism, cell, molecule)
• across different perspectives (physical, 

biological, clinical)
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Email from John Sowa to Mary Keeler on Barry 
Smith and Ontology (2002)

Mary,
Barry is not only misguided, he is profoundly, obsessively 
misguided. His misunderstanding of Peirce comes from his 
obsessive search for fragments that fit his own world view, while 
ignoring everything outside his extremely narrow perspective …

http://mars.virtual‐earth.de/pipermail/
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Email from John Sowa to Mary Keeler on Barry 
Smith and Ontology

Mary,
Barry is not only misguided, he is profoundly, obsessively 
misguided. His misunderstanding of Peirce comes from his 
obsessive search for fragments that fit his own world view, while 
ignoring everything outside his extremely narrow perspective …

• John F. Boler, Charles Peirce and Scholastic Realism. A Study of Peirce’s 
Relation to John Duns Scotus, Seattle: University of Washington Press, 
1963.
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Email to Mary Keeler on Barry Smith and Ontology
…
The word "purpose", by the way, is significant because Barry has 
tried to eliminate it from his version of "formal ontology".  We 
were both at a conference on ontology in Padua around 1994, 
where I and  other people who came from an AI background 
were emphasizing the need to recognize the purpose of any 
representation. …
http://mars.virtual‐earth.de/pipermail/
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Email to Mary Keeler on Barry Smith and Ontology

… We kept saying that  you cannot begin to do kn. rep. without 
considering the purpose for  which you were doing it.
Barry would turn livid at any such claim because he was trying to 
do "formal ontology" in a "scientific" manner in which all 
consideration of purpose was forbidden. 
John

html>http://mars.virtual‐earth.de/pipermail/
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On not eliminating purpose from ontology

BFO: Function
For artifacts (screwdriver, car, heater, …): function =def. 
disposition whose realization the artifact was designed and 
created for 
For organizations: purpose =def. disposition whose realization 
the organization was designed and created for

50



On why reference ontologies should not be 
built to address specific purposes
Because this undermines the ability of ontologies 
to serve interoperability.
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Unifying goal of NCBO/Bioportal:
integration of biological and clinical data 
through tagging with ontologies

• within and across domains
• across different species
• across levels of granularity (organ,  

organism, cell, molecule)
• across different perspectives (physical, 

biological, clinical)
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http://bioportal.bioontology.org/search?q=obesity
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What is missing

• a common set of principles for ontology development
• a common top‐level ontology
• a basis for division of expertise
• a basis for training
• a basis for feedback from users





Most reused source ontologies
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Two approaches to military interoperability

• Joint Doctrine
• Wordnet
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• I want to emphasize the requirements *for* a general‐purpose ontology:

1. Top level highly underspecified, but with sufficient "pegs"
to guide the placement and relationship of everything else.

2. Emphasis on microtheories for the details of every possible
application ‐‐ including the trillions of dollars of legacy
systems.

3. Relationship to NL terminologies, which everyone from novices
to experts in any subject use for communication, entering data,
and interpreting results.

> BFO in particular makes no claims to completeness, or indeed to being
> the single ontology ‐‐ quite the contrary

That's my major complaint. If you want to design BFO as a niche
ontology, I have no complaints. That's fine for Part 2. But I'm
complaining that Part I provides no guidance for anything outside
that niche.

Part I is inadequate for providing any guidance for designing
general‐purpose ontologies that can support interoperability among
an open‐ended variety of systems, including the trillions of dollars
of legacy systems that will never go away.

I have serious criticisms of Cyc and SUMO, but at least they
were designed to cover a broader range of applications.
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Three putative problems with BFO as a top‐
level ontology, as described by John
1. No place for universals
2. No place for information artifacts
3. No place for purpose … reference to an interpretant 

… thirdness (no place for human beings)
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Three putative problems with BFO as a top‐
level ontology, as described by John
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… thirdness (no place for human beings)
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Fragment of UFO‐B: Perdurants



Fragment of GFO
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UFO‐A



UFO‐A
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Universal

Universal

Universal



UFO‐A
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Universal: Color

Universal: Red

Universal: Dark Red

Quality: Color

Quality: Red

Quality: Dark Red



Three putative problems with BFO as a top‐
level ontology, as described by John
1. No place for universals
2. No place for information artifacts
3. No place for purpose … reference to an interpretant 

… thirdness (no place for human beings)
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John [roughly]: “These things must be recognized by 
every ontology, because the workings of the computer are 
based on signs, databases are based on signs, etc.”
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BFO 1.1

adds generically dependent continuant
representing copyable patterns, including:
• information entities 
• nucleic acid sequences 
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Patient 
Demograp

hics Phenotype
(Disease, 

…)

Disease 
processes

Data about all of 
these things 
including

image data …
Algorithms, 

software,
protocols, …

Instruments, 
Biomaterials,

Functions
Parameters, 
Assay types, 

Statistics
…

Anatomy

Histology
Genotype 
(GO)

Biological 
processes 
(GO)Chemistry

INDEPENDENT
CONTINUANT
(~THING))

DEPENDENT
CONTINUANT
(~ATTRIBUTE)

OCCURRENT
(~PROCESS)

IAO
INFORMATION

ARTIFACT ONTOLOGY

OBI
ONTOLOGY FOR
BIOMEDICAL

INVESTIGATIONS

Basic Formal Ontology (BFO)
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Similarly for life, intentionality, purpose …
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Quantum mechanics?
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From: John F Sowa <sowa@bestweb.net>
To: "ontolog‐forum@googlegroups.com" <ontolog‐forum@googlegroups.com>
Sent: Tuesday, July 4, 2017 3:30 PM
Subject: [ontolog‐forum] Proposed ISO standard for ontology

In fact, scientists in physics, chemistry, biology... never use the BFO 
terms to state or describe their research data or theories. 

BS: BFO is not trying to provide terms for physicists, chemists, 
biologists to use. There is cancer of the liver, but there is no 
cancer of the independent continuant. 
But BFO is being used in physics, chemistry and biology
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EMMC Workshop on Interoperability in Materials Modelling, 7‐8 November 2017, Cambridge (UK)

EMMO
the EUROPEAN MATERIALS MODELLING ONTOLOGY

Emanuele Ghedini (University of Bologna)
Adham Hashibon (Fraunhofer IWM)
Jesper Friis (SINTEF)
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BFO HIERARCHY

EMMO RELIES ON THE STRUCTURE OF BASIC FORMAL ONTOLOGY (BFO). 

BFO is a genuine upper ontology. Thus it does not contain physical, chemical, 
biological or other terms which would properly fall within the coverage 
domains of the special sciences.

The theory behind BFO was developed in 
2002 first by Barry Smith and Pierre 
Grenon.

http://basic‐formal‐ontology.org/

The Basic Formal Ontology (BFO) is a small, upper level ontology that is designed for use in supporting 
information retrieval, analysis and integration in scientific and other domains. 

NOTE: material_entity (BFO) is any independent continuant 
that has some portion of matter as part (e.g. ‘human being’)

Hence: material_entity (BFO) is not the same as ‘material 
entity’ in RoMM and not the same as ‘material’ from the 
chemistry or engineering point of view.
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EMMO MEREOLOGY

e‐

p
n

has_part

EMMOMaterial Entities are defined by a 
hierarchy of parthood relations,

combining the concepts of direct parthood and object

With EMMOwe create a representation of the real world granularity of material entities
that follows physics and materials science perspectives. 

A ‘material’ in the user case can be described univocally by declaring entities under EMMO
hierarchy.

The basic idea is that the ‘material’ can be represented at different levels of granularity, 
depending on perspective.

has_part

has_part has_part has_part has_part has_part
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From: John F Sowa <sowa@bestweb.net>
To: "ontolog‐forum@googlegroups.com" <ontolog‐forum@googlegroups.com>
Sent: Tuesday, July 4, 2017 3:30 PM
Subject: [ontolog‐forum] Proposed ISO standard for ontology

In the physical sciences, everything is a 
process (occurrent). An object (continuant) is 
a process that changes so slowly that it can 
be recognized at repeated encounters. There 
is a continuum, not a dichotomy.
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https://www.youtube.com/channel/UC8rDbmRGP6A2bs6tn0AOErQ



part_of

is_a

88

GO’s three sub‐ontologies

is_a

cellular component
molecular function
biological process



Ontology for General Medical Science (OGMS)
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Continuants
(People, Livers, 
Tumors, …)

Continuants

Occurrents

Occurrents


