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Why Ontology? The Problem and the Solution

ALarge organizationso
Most data is modeled in Relational Models and
stored in tables in relational DB

To extract meaningful information, you need to
guery data across tables, across domains and
resolve which tables to join

Can NOT query these tables without a deep

knowledge of the tables and their relationships: |
3 No common and UNIVERSAL
vocabulary/lexicon/terminology
3 Navigating between the different information
systems can become complex and not scalable
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Why Ontology? The Problem and the Solution

0 This is where ontology can come to the

Arescueo. | t provides
meaning controlled vocabulary, to o rganlze

knowledge and navigate between domains

0 So what is an ontology?
3 No exact definition
3 a Computable | exicon
3 a Dictionary that can be
and human being
3 a4 Representation of cat:s
® Ontology = Representation of the type of

entities in a given domain and the
relations between them.
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Why Ontology? The Problem and the Solution

el .,
o ag. . o — i > — "(- » :
O Interoperablllty. _ N g Interoperable systems I: <o
3 Ontologies promote interoperability across =k I = =]
heterogeneous data systems Vendor A ‘ Vendor B
0 Stability:

3 We create an ontology by exploiting the

relative stability of our own natural language Phone in Eng“sh iS a@e

(English is stable, unlike a changing
code/software that can be easily changed)

0 Extendibility:

3 Ontologies are easily extendible

(English is stable and extendable) ﬁ
Phone
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OBO Foundry Approach: Hub and Spokes

The OBO (Open Biological and Biomedical Ontology) Foundry
I's building iIts ontologies usi ng_
BFOi s the fhubo, at the top 3'0"’."

are getting built (the spokes, immediately from BFO) o\ .
& Why BFO? P
O
3 Very small ' P
3 Modular approach “od Top-LeveI
3 Evolves carefully Ontology 4
3 Provides a Domain neutral top-level ontology 5
3 Active user forum, large user base 2 7 Mid-Level
3z Well documented T Ontologies
3 Trained personnel with portable expertise g 49 ¢ A
Domain
Ontologies O ©

O
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OBO Foundry Approach: Modularity

O Modularity is achieved vertically
and horizontally
O I't reduces the
0 Atthe domain level we get the
division of authority and labor
3 SMEs are in charge on the domain
ontology
3 SMEs are working within their
domain
0 Ownership by experts
0 User discoverability
0 Growing incrementality
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OBO Foundry Ahub and

eveloping interoperable ontology modules

Tope@! @htdoal %

Mid-Level Ontology

(common to a subset

Ontology for | """,
Biomedical
... Investigations

........ (I1AO) (OBI)

vy

o

Anatomy Ont_qlogy ----- e

of domains)

Domain Level Ontology ;

(FMAS CARO)
eg]'f - Ceu‘ﬂa:nt Ontology
o OMPOTY EnvO
:Ontology Ontology ( )
€L | Ema*, COY

(specific domains)

% Subcellular Anatomy Ontology (SAO)

Sequence Ontology

AFO adds a set of domains



BFO: Top-Level Ontologies (TLO) ISO 21838-1

BFO evolved into an ISO/IEC standard
21838, Information technology, Top-Level Categories

Ontologies (TLO), July 2019. '(I')o;:.[)—ll_evel T A e
_ ntology esseesay ket bt S
It defines:

0 Top Level Ontology
3 Ontology that is created to represent
categories that are shared across a
maximally broad range of domains e 1o oo Bypic |3
& Category B ooty a0y ) Ciidosy U3
3 General class or type that is shared across e Onioogy 55" o
many domains and is represented by a

domain-neutral term l calibration.ttl ll gslllj-ntin o l[ injection. tl ][osmometry.ttl ][ pumping.ttl ]

s
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BFO and AFO on BioPortal (Ontology Lookup Service)

the National Center for Biomedical Ontology
https://bioportal.bioontology.org/ontologies/BFO
https://bioportal.bioontology.org/ontologies/AFO

o
D

Metrics @

Ciasses

Indwicusis

Classes with more than 25 chédren
Ciasses with no defintion

visits &

Views of BF0 © e

Gerlatrics Ontology
The Oriclogy defines the Geriat

Views of AFO ©
ws of AFD available
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https://bioportal.bioontology.org/ontologies/BFO
https://bioportal.bioontology.org/ontologies/AFO

BFO: The Top

0 BFO provides a hierarchy which can be
used to categorize anything into several
high-level categories

entity is at the top of the hierarchy

OWL (the WEB Ontology) places thing at
the top of the hierarchy

Practically, everything is an entity

O¢ O«

O«
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AFO: The Top

Last uploaded: August 17, 2020

Summary Classes Properties

Jump to:

#- Attachable (abstract)
- Class

#- Collection

- Component set

- Concept

- Concept Scheme

..........
ey

- LicenseDocument
#- Observation Group
- Organization

#- Property

- RightsStatement

Motes

Allotrope Merged Ontology Suite

entity
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BFO: Top 2 Disjoint Categories

O entities are divided into two disjoint categories:
3 continuant
3 occurrent

O continuant entities (exist through time)

entity

3 Have continuous existence in time
3 Can gain and loose parts
3 Preserve their identity through change

continuant

O occurrent entities (exist in time)
3 Have temporal parts
3 Unfold themselves phase by phase
3 Exist only in their phases/stages

©2020 Allotrope Foundation
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AFO: Top 2 Disjoint Categories

Allotrope Merged Ontology Suite

®)

Last uploaded: August 17, 2020 .
@ entity
Summary Classes Properties Notes
Jump to:

#- Attachable {abstract) ]
- Class continuant occurrent

#- Collection
# Component set

Concept

"

------

- LicenseDocument
- Observation Group
- Organization

- Property

i RightsStatement
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BFO: Top 2 Disjoint Categories

0 A continuant is something that exists
at an instant in time and it continues to
exist through time

Examples:

O«

entity

3 a machine, a bolt, a factory, a tool, a letter
3 the smell of a coffee
3 asmile

continuant

3 ahandyman
At any time when a continuant exists,
so do its parts
continuant preserve its identity through
time

O«

O«
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BFO: Top 2 Disjoint Categories

0

O«

O«

occurrent is something that has

temporal parts

entity

Examples:

é

MW (W (W W

e

an experiment
tools gathering
smiling occurrent
drinking coffee
fixing

sending a letter
events that occur at an instant in time \ 4“ x
: event

and processes that last through time

are both occurrents @ g
—Jprocess start
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AFO: Top 2 Disjoint Categories

Allotrope Merged Ontology Suite

Last uploaded: October 2, 2020

Summary Claszses Properties Motes

entity

Jump to:

-

Attachable (abstract)
Class

Collection
Component set
Concept

- Concept 5cheme

T oentity e, occurrent
& cemtinuant v

- =+ occurrent .
&= process -,
&1 - accomplishment ™,
F o ® activity .
autosampler process
chemical reaction
ene[g_e;t_i.c process

.
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o

“history

information process ~ + | T
event

+
# material process

i @ mobile phase delivery
+
>

planned process H
process profile ;
repeated process ;
J
J
5
5

i # sequential process
3 i & state
%, ®r*brocess boundary--s"

", - spatfoternpetilregien proceSS Start
%, temporal region,+*
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BFO: Top 2 Disjoint Categories

0 Inreality, things and processes
exist in different ways and so we { =L }
should keep the ontology

Either continuant or occurrent

but NOT both! { J { J
continuant occurrent

O«

=)

Oil Pump Pumping
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BFO: Top 2 Disjoint Categories

0 They are two orthogonal, complementary

perspectives in many areas: ey
3 continuants vs. occurrents
3 commodities vs. services (car vs. car rental)
commodity is a thing, car rental is a process
stocks vs. flows (in a warehouse) _
continuant occurrent

products vs. processes
anatomy vs. physiology
musical instruments vs. performance

MW (W (W W

lll\

O continuants can participate in occurrents
3 A handyman participates in tools gathering ‘ \ ”
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BFO: Top 3 Most General Universals (Categories)

BFO top categories

O continuant
3 independent continuant
or
3 dependent continuant

entity

0 occurrent continuant ," occurrent
: independent dependent
continuant continuant

R
a, us
--------------------------------------------------
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BFO: Independent vs. Dependent Continuant

0 Something that is a physical part of another
entity is an independent continuant

Example:
3 a CPU is part of a computer, but it can be
detached from the computer and still exist.

This is different from a dependent continuant
continuant

Examples:
3 asmile; you cannot detach a
smile from a face independent dependent
continuant continuant
3 thered color at the center
of a ripe watermelon; you |-_.__—|
cannot have it without the i[m]:

©2020 Allotrope Foundationwatermelon

entity
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BFO: Independent vs. Dependent Continuant

entity that can exist by itself
or
it is a physical part of another entity

0 Examples:
continuant

0 independent continuant is an
entity

3 amachine
3 abolt

3 afactory
]

a face
independent "
continuant

l//////////////li

40
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BFO: Independent vs. Dependent Continuant

exist in relation to another object
or objects. It means that
dependent continuant exists

only by virtue of another entity { }
continuant

0 dependent continuant can only { }
entity

and it is not part of the entity
0 Examples:

3 asmile
3 the color of a flower { J @
dependent

continuant

©2020 Allotrope Foundation



®)

AFO: Top 3 Most General Universals (Categories)

Allotrope Merged Ontology Suite
Last uploaded: August 17, 2020 @

entity

Summary Classes Properties Motes

Jump to:

# Attachable (abstract) continuant s occurrent
- Class !
#H- Collection

H- Component set

- Concept

- Concept Scheme

= entity

= continuant :

L’EI general role E independent dependent
- @ generically dependent continuant : continuant continuant
|.ooorer i TidEPEndent continUaRt ™ ... . 5 :
4 - #- specifically dependent continuant ™ E

o
.t
st
......
.........
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AFO: Extension of the General Universals (Categories)

Allotrope Merged Ontology Suite
Last uploaded: August 17, 2020 @ w
entity -
Allotrope Merged Ontology Suite
Last uploaded: August 17, 2020
Summary Classes Properties Motes
Summary Classes Properties Notes
Jump to: o e
.f # Attachable (abstract)
. & -~ Class .
#- Attachable (abstract) continuant - B Gt set
Class o Concept
L'El C ” ‘t b (e:r?trwltcem Scheme
T~ -otiection AFO adds a category to < continuan:
H- Component set express general roles in 5 gener e,
COHCE‘pt p g RULLLLLLLLLLFTTTTTY) ._0';eneralagentmle .'x‘
..... Concept Scheme the context of data or people = nputrole
= . K] .:. 1l t | "‘
2 entity : £ 2 physical mput role
L—:I-- Contin uﬁnt N :- | = material input role
FTL L L b T T TP - . EE i 1 |
¥ general role : independent dependent |} brecursor on role.
@ generically dependent continuant : continuant continuant || & output role
H Tusnpusssssnesaduenenakanuan Beennnnay,,,, - I
[ #TRdependent continuanit™ ..., % E | F gtk
o - @ specifically dependent continuant ™. *, approver
v H o - § controlier role
“fed# occurrent PRt ., annmnnnaf % detectar role s
................ AN EEEEEEEEE NN NN NN EE NN NN EEEEEEEEEEEEE IS aperator role s
....................... ', # researcher K
| ’.“- reviewer ‘0.‘
:"':E};r:tter -_“""
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AFO: Extension of the General Universals (Categories)

Allotrope Merged Ontology Suite
Last uploaded: August 17, 2020 @ w
entity Allotrope Merged Ontology Suite
Last uploaded: August 17, 2020 @
Summary Classes Properties Motes
Summary Classes Properties Notes
Jump to:
Jump to:
& #  Attachable (abstract)
..' - Class
i ) 2 f Collection
F- Attachable (abstract) continuant A B
. ConceptStheme N
Fa ; o T entiter ",
# Collection AFO adds a category to 7 oenesnrole
- COmpDnE‘ﬂt SE‘t - - ** i '.; gpnnrira\\v denendent romin‘l‘lgrﬂ
- Concept EXpress information . A & = information content entity °,
{ p Content entlty 0“- bl L LT ol * contextual role %
. 3l &d b .
: C':I'r?cept SCheme ." | aléfrrﬁﬁn?nterferogram data cft‘be
= entrty s Raman spectrum data cube =
' . # Dataset B
= continuant :’ b facer
@ generalrole.. 2T, : independent dependent T
i generically dependent continuant.:- : continuant continuant L e
|t TRAEpERdENt CORTIMUANT e, % = Tepressntation form
{ @ i i P datab
g # specifically dependent continuant ™; .. Y @ document
Te-iB, occurrent e e iiuiesssssssessssassssnssssnsannnsnnnspansnnnnna| 5 F fOUEE §
............................. %, | - Raman interferogram data cube
I i Raman spectrum data cabe
| %o, # textual entity K
! 6’%:;15.\ (com[n_um‘_étion)

©2020 Allotrope Foundation



BFO: Occurrent

O Anoccurrent can be:
3 aprocess entity
3 aprocess boundary entity
3 aspatiotemporal region entity

or a
3 temporal region entity

occurrent
process process
boundary
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BFO: Process

0 A process is something that
happens over time, it has occurrent

temporal parts, and it depends
on a continuant.

0 Examples:

3 your life has several parts such as process
infancy, childhood, adolescence, and
adulthood, senior age and involves a
continuant, whi ch 1's AYouo.

3 atrip, writing a letter, and a sample
preparation in the lab are all
processes
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Allotrope Merged Ontology Suite "
Last uploaded: August 17, 2020 @
Summary Classes Properties Notes occurrent
Jump to:
# Attachable (abstract)
Class
Collection ~—_
Component set ==
Concept
- Concept Scheme
= entity

| # continyant....,
& contpuanten.., process
% process .
" | - accomplishment .
g # activity .
[ autosampler process
chemical reaction
| = ion reaction
= ionization

I visuslization | Notes(0) | Class Mappings (14) | &

Preferred Name  €lectron ionization

.
.
5
5
N
H
N
: Shemicalimnization, electron impact ionization
H i electron ionization, Synonyms elactron impact
H + spray 1anEsSH B
1
H energetic process Definitions Electron ionization is a ionization that removes one or more electrons from an atom or molecule through interactions with electrons that are typically accelerated to energies between 10 and 150 eV. [IUPAC]
H
H e\_-'ent D http:/ /purl allotrope.org/ ontologies/process#AFP_0001701
K history o
. information process electron impact ionization
"- n : P alternative label  Electron impact
. material process o
“
s

mobile phase delivery

. planned process definition Electron ionization is a ionization that removes ane or more electrons from an atom or malecule through interactions with electrons that are typically accelerated to energies between 10 and 150 eV. [IUPAC]

process proflle isDefinedBy http:/ /purl allotrope.org /vac/afo/domain/REC/2020/06 /mass-spectrometry

repeated process

- * license http://purl.allotrope.org/voc/iupac-license
sequential process .
. N
Me,state Lt preferred label  electron ionization
r Al
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BFO: Process Boundary

O A process boundary is the
instant temporal boundary of occurrent
a process,
0 Examples:

3 first time eye opening of a
rocess
newborn baby Eoundary
3 leaving home to start a trip
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