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Why Ontology? The Problem and the Solution

e “Large organizations” are complicated...

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

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

e Can NOT query these tables without a deep

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

e This is where ontology can come to the
“rescue’. It provides a controlled way,

1| Financial transactions can utilize the

a8 | Financial Industry Business Ontol
meaning controlled vocabulary, to o rganlze nancial industry Business ontology ¢

WhICh provides a global financial vocabulary o

knowledge and navigate between domains

e So what is an ontology?
o No exact definition
o = Computable lexicon
o = Dictionary that can be used by both computers
and human being
o = Representation of categories in reality

e Ontology = Representation of the type of
entities in a given domain and the | ‘ ,,
relations between them. Manufacturing Shlppmg
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Why Ontology? The Problem and the Solution

al
° oy . v " — ( T : b :
Interoperaplllty. _ . g Interoperable systems e
o Ontologies promote interoperability across O s =
heterogeneous data systems Vendor A Vendor B
e Stability:

o We create an ontology by exploiting the

relative stability of our own natural language Pé o g lish ¢o a b E

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

e Extendibility:

o Ontologies are easily extendible

(English is stable and extendable) ﬁ
Plione

©2020 Allotrope Foundation



»)

OBO Foundry Approach: Hub and Spokes

The OBO (Open Biological and Biomedical Ontology) Foundry

is building its ontologies using the “Hub and Spokes” strategy: o .
BFO is the “hub”, at the top and it is extended as the ontologies 479 \//%9 7 2,
SN
are getting built (the spokes, immediately from BFO) o\ s e
e Why BFO? R o0,
o Very small © P & o
o Modular approach “od Top-LeveI 0 ©
o Evolves carefully Ontology 4 ° o
(2
o Provides a Domain neutral top-level ontology 5 o
o Active user forum, large user base 2 7 Mid-Level % b %"
o Well documented T Ontologies g —o—_"
o Trained personnel with portable expertise 4O P8
Domain A EDAN
Ontologies O © O

O
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OBO Foundry Approach: Modularity

e Modularity is achieved vertically

and horizontally
e |t reduces the “mapping” needs
e At the domain level we get the

division of authority and labor

o SMEs are in charge on the domain
ontology

o SMEs are working within their
domain

e Ownership by experts
e User discoverability
e Growing incrementality
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OBO Foundry “hub and spokes” strategy for

developing interoperable ontology modules
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% 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:

e Top Level Ontology
o Ontology that is created to represent
categories that are shared across a
maximally broad range of domains s 1 : ypic 3
e Category B ooty a0y ) Ciidosy U3
o 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 ]
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BFO and AFO on BioPortal (Ontology Lookup Service

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

N’

o
D

Metrics @

Ciasses 219

Views of BF0 ©

Gerlas

Ontology
fnes the G
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https://bioportal.bioontology.org/ontologies/BFO
https://bioportal.bioontology.org/ontologies/AFO

BFO: The Top

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

e entity is at the top of the hierarchy

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

e Practically, everything is an entity

©2020 Allotrope Foundation
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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

e entities are divided into two disjoint categories:
o continuant
o occurrent

e continuant entities (exist through time)

entity

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

continuant

e occurrent entities (exist in time)
o Have temporal parts
o Unfold themselves phase by phase
o 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

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

e Examples:

entity

o amachine, a bolt, a factory, a tool, a letter
o the smell of a coffee
o asmile

continuant

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

©2020 Allotrope Foundation
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BFO: Top 2 Disjoint Categories

e occurrent is something that has
temporal parts

e Examples:

o an experiment
tools gathering
smiling occurrent
drinking coffee
fixing

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

and processes that last through time

are both occurrents @ g
—Jprocess start

©2020 Allotrope Foundation
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AFO: Top 2 Disjoint Categories

Allotrope Merged Ontology Suite

Last uploaded: October 2, 2020

Summary Claszses Properties Motes
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BFO: Top 2 Disjoint Categories

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

e Either continuant or occurrent

but NOT both! { J { J
continuant occurrent

=)

Oil Pump Pumping
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BFO: Top 2 Disjoint Categories

e They are two orthogonal, complementary

perspectives in many areas:

entity

(@)

O

o O O O

e continuants can participate in occurrents

(@)

©2020 Allotrope Foundation

continuants vs. occurrents

commodities vs. services (car vs. car rental)
commodity is a thing, car rental is a process
stocks vs. flows (in a warehouse)

products vs. processes

anatomy vs. physiology

musical instruments vs. performance

continuant occurrent

lll\

A handyman participates in tools gathering ‘ \ ” I
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BFO: Top 3 Most General Universals (Categories)

BFO top categories

e continuant
o independent continuant
or
o dependent continuant

entity

e occurrent continuant ," occurrent
: independent dependent
continuant continuant

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

e Something that is a physical part of another

. : : tit
entity is an independent continuant o
e Example:
o aCPU is part of a computer, but it can be
detached from the computer and still exist.
e This is different from a dependent continuant
continuant
e Examples:
o asmile; you cannot detach a
smile from a face independent dependent
o thered color at the center continuant continuant
of a ripe watermelon; you GE ,,,,,,
cannot have it without the i[m]:
watermelon "

©2020 Allotrope Foundation



BFO: Independent vs. Dependent Continuant

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

e Examples:
o amachine { continuant J

a bolt
a factory

a face
independent
continuant

©2020 Allotrope Foundation
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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

e dependent continuant can only { }
entity

and it is not part of the entity

e Examples:
o asmile

o the color of a flower
dependent
continuant

s
7
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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)
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BFO: Occurrent

e An occurrent can be:
o aprocess entity
o aprocess boundary entity
o aspatiotemporal region entity

or a
o temporal region entity

occurrent
process process
boundary

©2020 Allotrope Foundation
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BFO: Process

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

temporal parts, and it depends
on a continuant.

e Examples:

o your life has several parts such as process
infancy, childhood, adolescence, and
adulthood, senior age and involves a
continuant, which is “You”.

o atrip, writing a letter, and a sample
preparation in the lab are all @
processes

©2020 Allotrope Foundation
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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

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

o first time eye opening of a
process
newborn baby boundary
o leaving home to start a trip

©2020 Allotrope Foundation
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Summary Classes Properties MNotes

Jump to:

Attachable (abstract)
Class

Collection
Component set
Concept

Concept Scheme
entity

=

- ol o

13

# gortinuarnt ..,
.
‘;v‘ occurrent

o ®

.,
.,

BroCess "‘
S process boundary:,
;| | = achievement
Eo arrival
3 departure
s emission

i ! reception
‘% send.,,

.
.

. .

RTINS

~0: Process Boundary

Deta Visualization

Preferred Name
Definitions

8]

definition
isDefinedBy

preferred label

R
e, % start r
. "- P

O v
"taaaannst®

©2020 Allotrope Foundation

prefixIR|

subClassOf

MNotes (0]
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process
boundary

Class Mappings ( 14) &

start

The process boundary when the process starts. [Allotrope]
http:/ /purl allotrope.org/ontologies /process#AFP_0003328
The process boundary when the process starts. [Allotrope]
http:/ /purl.allotrope.org fvoc/afo/REC; 2020 /06 faft

start

af-p:AFP_0003323

process boundary
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BFO: Dependent Continuant

e A dependent continuant is either:

. . dependent
o aquality entity T S—
ora
o realization of 4//:f/;7¢r\ ~~~~~ _
non-realizab .- realizable
m arole :
m adisposition S
quality role disposition

m afunction
e realizable dependent

continuants are not quality

©2020 Allotrope Foundation
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BFO: Realizable Dependent Continuant

e realizable = able to be

achieved or made to happen ggﬁﬁgﬁlzz’:

e with realizable entity the L =
value does not need to non-realizab e ree;iizable
exist and the existence can . S

quality role disposition
change over time
o a screwdriver’s function is
realized by turning a screw

e quality is not realizable; ’?&

o you just have temperature -—.‘\\\\v

even it may change over
time...

©2020 Allotrope Foundation



BFO: Quality

e (uality is something that all
objects of a particular type have
for the entire time they exist

dependent
continuant

L Example: non-realizab

(@)

the mass of a bag of tea
the shape of an umbrella

O

O

the fragility of a glass

O

the brightness of a gas lighting
e Although it may change

o the bag of tea always has a mass
and
o the umbrella always has a shape...

©2020 Allotrope Foundation
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AFO: Quality ‘

Allotrope Merged Ontology Suite

N
Last uploaded: August 17, 2020

Summary Classes Properties Notes

dependent
continuant
Jump to:

=

* Attachable (abstract)
Class
Collection
Component set
Concept
Concept Scheme
entity
# continuant
| # generaldole" .
& getlerically dependent tantinuant
#* independent continuant

=
=

Taa,

t quality
o
F o,
.specifically dependent continlrzn
o 7 quality i “.‘
i acoustic quality .,
amount %
chemical substance quality ‘.‘ \
gonductl\ntg t '-‘ l Visualization Notes (0) Class Mappings (0) = &
evice configuration %
electrical and magnetic quality %
| % elettidhidgnec,radiation quality H Preferred Name  electron energy
. s" electron energy % - -
H i 5'-““&.[9}’ Lquamy)“ H Definitions Electron energy is the translational energy that electrons acquire when accelerated in an electric field. [IUPAC]
: i . H
:_ & ;n;:},?gﬁ)_l){cgfﬁdgﬁy _: ID http:/ /purl.allotrope.org/ontologies/quality2AFQ 0000264
- + . - -
) H ! molecular entity quallty H definition Electron energy is the translational energy that electrons acquire when accelerated in an electric field. [IUPAC]
% # maorphology H
K | # number density 3 R — . . - = —
. " g . 3 isDefinedBy http:/ /purl allotrope org/voc /afo/perspective/REC/2020/06 /molecular-scale -
% - # arganismal quality .: N Energy Excited states
. : ) -
. polarity (quality) 0 license http:/ /purl.allotrope.org/voc/iupac-license
s 1 power (quality)
% # relational quality preferred label  electron energy
., ~ resolution (quality) : - Ground state
.. ¥ thermal guality prefixiRl af-q:AFQ_0000264
T wavelength (quality) o B . N
_.... wavenumber (qual\ty}" " r:g-h'l.n-"“"""h.tt.p purl.allotrope_org voc/iupac-copyright
o . o .
T .:' RO_0000080 electron .:~
.
. g Aiaad
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BFO:

e role

Role

specifies a goal that is

not necessary to the

object’s design but can

evolve.
e Examples:

O
O

O

©2020 Allotrope Foundation

role of being a Librarian

the role of delivering books
the role of a shelf to store
books

the role of bacteria in causing
an infection

U ®

()

A realizable
entity, where the
value does not
need to exist, and
the existence can

dependent change through
continuant (1 time.
J
- realizable -

| A




AFO: Role

Allotrope Merged Ontology Suite
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Summary Classes Properties Notes dependent
continuant

Jump to:

# Attachable (abstract)
Class

Collection
Component set
Concept

Concept Scheme
entity

1= continuant
general role

generically dependent continuant role
independent continuant

| = specifically dependent continuant

e

* guality
= realizable entity
# dispqsiiion
efan bt -
role | Visualization Notes (0) Class Mappings (¢} | &
agent role
analysis role breerned Narme comad materia rle
approving role o
calibration role . substrate
b chromatographic phase Synonyms substrate rale
u
cleaning role P = &
. ning coated mater
H T copting precessiolg %
. .: “oated material F0|é:4-=--__ Definitions A coated material is a coating role of a material whose surface is being coated by another material which it covers. [Allotrope]
. i L/ i s® . mm————
H ® Coatingaroles == . === ———— D http:/ /purl.allotrope.org /ontologies /roleAFRL_0000211
component role H e m————
H -
H # controlling role . substrate
. - H I
. # cooling role : alternative label substrate role
5 debris role N coated material
A .
1 detection role K
dilution role : definition A coated material is a coating role of a material whose surface is being coated by another material which it covers. [Allotrape]
dispersion role isDefinedBy hetp:/ /purl allotrope.org/vac /afo/REC/ 2020 /06 /aft
dissolution role
~# drying role preferred label coated material role
# filtration role
. ¢ r af-rl:AFRL_0000211
hea R prefixIR]
REFTTTI subClassOr coating process role
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B FO F un Ctl on (Aarealizable
. entity, where the
. value does not
e function is a disposition eoondon peed o exist and
that is a purpose of an contnuant | (g ame
object, either through L =
evolution or by design 7 realizable
e Examples:
o the function of a glass may
be to hold a drink "

o the function of the heart is
to pump blood
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AFO: Function ‘

N
N
~
N
N
~
\\
Allotrope Merged Ontology Suite AN
N
Last uploaded: August 17, 2020 AN
Summary Classes Properties MNotes
dependent
continuant
Jump to:
# Attachable (abstract)
: Class -~
# Collection T~
# Component set
- Concept
-~ Concept S5cheme
= entity
| = continuant
# general role _
# generically dependent continuant
# indensandent continuant
= specifically dependent continuant
* quality
= realizable entity
:é;ﬁip‘j‘sﬁlhfn-...
e chemical dispesjtion e i B
function P ‘o, m Visualization MNotes (0) Class Mappings (0) &
¥ material fu ncticrl:r“
* to branc_h K Preferred Name to count cells
* to combine S
# to consume % Definitions To count cells is the function to count cells. [Allotrope]
# to control K
= to convert 5 D http://purl.allotrope.org/ontologies/ function#AFFN_0000198
to transform data 3
* to calculate H AFX_0002798 true
& EO Z;}rb\’f]il:tjilgnal:: — _____-——"—__—_ definition To count cells is the function to count cells. [Allotrope]
t?_E?}J‘Qt_F'e_ll_ “’:"—_ isDefinedBy http: )/ purl allotrope org/voc,/afo/domain/ REC /2020, 06, call-counting
to divide :'
to localize : preferred label to count cells
to plan K prefixIRl af-fn:AFFN_0000198
to produce K
to provision R subClassOf to count
to signal K
i *
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BFO: Independent Continuant

e An independent continuant is either:
o material entity
or an
o immaterial entity

©2020 Allotrope Foundation
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independent
continuant

|

material

immaterial
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AFO: Independent Continuant

Last uploaded: August 17, 2020

Jump to:

= Attachable (abstract)
#- data cube

#- Dataset

- ltem

- Observation

“ Slice

- Class

#- Collection

# Component set

- Concept

- Concept Scheme

& entity

= continuant

_independent continuant
- immaterial entity

summary Classes Properties

Allotrope Merged Ontology Suite

MNotes

independent
continuant

material immaterial
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BFO: Material

e material entity has some matter as a part ndependen

e ‘matter is intended to encompass both mass continuant
and energy

e material entity can move or localized in space

e Examples:
material

o afish
a soccer team

4
Eifel tower A
hurricane Sandy over NYC ‘ n
a sea wave % 2
I\
an energy wave
o o o é

-

o O O O O
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AFO: Material

Allotrope Merged Ontology Suite

Last uploaded: August 17, 2020

independent
Summary Classes Properties Notes Continuant

Jump to:

#  Attachable (abstract)
Class
Collection
Component set
Concept
Concept Scheme
= entity
| # continuant q
* general role matenal
. # generically dependent continuant
.= independent continuant
|| ® immaterial entity
= material entity

=

energy - 1
fiat object part : Visu: an Notes (0) Class Mappings (0) & 1
material | '
material information bearer | Preferred Name  splitiniet !
mq\ecular entity : split injector 1
object | Synonyms split :
object aggregate \ < ,
organizational entity 1 1
procr_—\ssed material I Definitions A split inlet is a gas chromatagraph inlet followed by a splitter enabling the carrier gas to sweep a part of volatilized sample onto the GC column, with that remaining spiit/swept to waste. [Allotrope] |

: ; |
substomme pagicle I D http:/ /purl allotrope. ora/ entalogies  cquipment#AFE 0000811 '
_system ] - h
# “artificial system %, =m0 splitinector h
R envirenmental system's, BTl | alternative label  SPiit 1

K gas chromatograph |n|e’t_ R e : s :

; - I definition A split inlet is a gas chromatograph inlet followed by a splitter enabling the carrier gas to sweep a part of volatilized sample onto the GC column, with that remaining split/swept to waste. [Allotrope] |

H I N

. N

*) '5b1l‘tf§p1'|trr=\'ss inlet : isDefinedBy http:/ /purl.allotrope.org /voc/afo/domain /REC,/2020/06/gc H
splitless inlet | ereferredlabel  spitiniet :
natural system U prefiar af-e:AFE_000081 !
LTy, g 1 |
ftrEammans I SubClassOf gas chromategraph inlet ]

1
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AFO: Material

©2020 Allotrope Foundation

-
-
-
-
-
-
-
-
L
Allotrope Merged Ontology Suite z
Last uploaded: August 17, 2020
independent
Summary Claszes Properties MNotes Continuant
Jump to:
% Attachable (abstract)
Class
# Collection
# Component set
Concept
Concept Scheme
= entity
= continuant .
| # general role materlal
 # generically dependent continuant
= independent continuant
# immaterialantity,
rtiterial entity "ee.,
= energy e,
i chemical energy S Visualization MNotes (0] Class Mappings { 2 ) &
i m”"‘Lf;tD.ﬂ".lﬁ'xmf".matemahentﬂy)
¢ electrical enel ,.'~--
@ electraMAgenic energy "'~-_ Preferred Name electrical energy
i hydraulic energy Se~a
mechanic rotational energy ""~~~ Definitions Work resulting from the flow of electrons from a negative to a positive source. [NIST]
~~
mechanic translational eﬂergy Ssao
pneumatic energy o ‘~--~~ D http:/ /purl.allotrope.org /ontologies /materialZAFM_0000884
*, - thermal energy ,+** SSeal
——— Seeeo AFX_0002818 true
definition Work resulting from the flow of electrons from a negative to a positive source. [NIST]
isDefinedBy http:/ /purl.allotrope.org /voc/afo /REC /2020 /06 aft
preferred label electrical energy
prefixIR! af-m:AFM_0000334
subClassOf Energy




BFO: The Complete Hierarchy

BFO is small

Number of terms: 35

5 levels depth

All relation are is_a relation,
meaning sub type

BFO:Entity

PCLLLETT YO8
3

¢ 0
P Is_a J

., o

A

BFO: Specifically Dependent
Continuant

A

BFO: Independent Continuant

BFO:Continuant e BEO:Occurrent

BFO:Process

BFO: Material Entity BFO:Quality BFO:Disposition BFO:Role

©2020 Allotrope Foundation

Basic Formal Ontology
ast uploaded: September 4, 2015

Summary Classes Properties Motes Mappings
Jump to:
= entity

7 continuant

generically dependent continuant
. # independent continuant
= immaterial entity
= continuant fiat boundary
one-dimensional continuant fiat boundary
two-dimensional continuant fiat boundary
zero-dimensional continuant fiat boundary
site
= spatial region
one-dimensional spatial region
three-dimensional spatial region
two-dimensional spatial region
zero-dimensional spatial region

= material entity
fiat object part
chject
object aggregate
= specifically dependent continuant
= quality
relational quality
= realizable entity
7 disposition
function
rale

= occurrent
= process
i history
process profile
process boundary
spatiotemporal region
= temporal region
one-dimensional temporal region
zero-dimensional temporal region

®)



©2020 Allotrope Foundation



)

BFO: Based on Realism

e Ontologies are representation of reality

e That means that when you build an
ontology you should look at the things
in the world that the ontology suppose
to be about! You should know what
those things are like!

e We can view a fulfillment center as a
o collection of goods (stocks perspective)
or as
o distribution of goods (flows perspective)

©2020 Allotrope Foundation



®)

BFO: Universals and Instances

e Ontologies are representation of
universals in reality

e \We are using general expressions to
describe the kind of things that the

ontology represents:
o types
o categories
o species
o efc.
e universals term has instances:
o Continentis a type; Europe is an instance of
type continent
o Continent is an ontology term. Europe is not

©2020 Allotrope Foundation



®)

BFO: Universals and Instances

e Catalog is a list of the “kind of things” in - -
the warehouse continuant occurrent

e Inventory is a list of the instances of the
“kind of thing” in a given point of time

C t I inde_pendent depgndent
a a Og continuant continuant universals

instances

©2020 Allotrope Foundation
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BFO: Universals and Instances

e Scientific ontologies consist of general terms 0
e (general terms can be used to formulate scientific laws
or design scientific experiments -M
e When we are performing a scientific experiment, we are
interested in instances
e Scientific theories are about the general, universals Scientific universals
(kind, type...) Theory
e Scientific experiments are about the particular and they mstances
are performed to test the assertion of what is general °
e To develop a new medication you need both: =
o The kinds of patients (this is general): Hypertension x ﬁE
(@ )

o Your patients (your instances)

)

©2020 Allotrope Foundation



BFO: Taxonomy Traffic Rules

e Every term should have exactly one parent
with is_a relation: Single Inheritance
e |n term definition use two-part definition

with the following expression:

o B =def. A whichCs
u = genus (living and fossil organisms)
m B; B,...=species
m C = specific difference

o ahuman being = def. an animal which is

rational
e If you have two parents, you are lost ®

The hierarchy of biological
classification's eight major
taxonomic ranks.

A animal

human being

©2020 Allotrope Foundation



AFO: Taxonomy Traffic Rules

Allotrope Merged Ontology Suite

Last uploaded: August 17, 2020

Summary Classes Properties Notes

Jump to:

#  Attachable (abstract)

- Class

# Collection -

# Component set St

Concept e

Concept Scheme Pt

entity ot
_continuant Pt

# general role _ -

# generically dependent continuant Pt

= independent continuant e
# immaterial entity P

= material entity -
# energy _
# fiat ohiect part_.--=""

= material -~~~

+ artifact

environmental material

matrix

# molecular entity

= natural material

L oair

- #® material anatomical entity

= organism e
= human L =T

~person | =TT

N

aggregate

@ portion of material ~___-f"T e

: e memstonpewer | e ObJ eCt

object -7
~ person
_object aggregate

. group
# organization

def. material
which is single

©2020 Allotrope Foundation
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AFO: Data and Semantic

e \We are using vocabulary to
describe the data
e The AFO vocabulary

contains:

o classes
o relations
o annotations (o0 ]
e Example:
o Let’s describe an instance of a
computer with a CPU operating
at a clock speed of 3.5Ghz

©2020 Allotrope Foundation

C‘i

mstance data ] I] expressed by [ vocabulary ]
|m;
CPU clock speed

of 3.5GHz




AFO: Data and Semantic

[instance data] I] expressed by> [ vocabulary ]
e In a simple graph model, there
are two nodes representing gi
the computer and the CPU.
Each node has a UUID and
the connection between them

| urn:uuid:b3babbb3-090f-4b40-b914-313bb7b58cea |

has component

e |n addition there is a quality i
related to the CPU [urn:uuid:ad0701f2-886d-43c2-94a7-7aab51bcc0f1]
e As s, this graph has minimal lhas quality
of 3.5GHz

e Using the vocabulary we can
get semantic meaning about
the nodes and the connections

©2020 Allotrope Foundation



AFO: Data and Semantic

Allotrope Merged Ontology Suite

Last uploaded: August 17, 2020 ml

mstance data ] I] expressed by

-

[ vocabulary ]

Summary Classes Properties Notes
Jump to:
# Attachable (abstract) .
g S _- | urn:uuid:b3babbb3-090f-4b40-b914-3f3bb7b58cea
# Component set lotrope Merged Ontology Sujte-[
Egﬂz:g} Scheme t uploaded: August 17, 2020
F entity
= continuant nnnnnn
* I rol - -
x gs:g?caﬁfgdependenl continuant mmary Classes 3’Bp’el't\E3 Notas - - haS Component
# independent continuant Ptad = =
# immaterial entity s - -
*'mater\al entity /, 'TTTIT] v
+ :gteijgb%ecl part TR 5 ,/’
- terial -~ P " id: = = = =
gmateri AttpefCble (abstract) - [ urn:uuid:ad0701f2-886d-43c2-94a7-7aab51bccOfl ]
3 dew_ce Lefass ”_—*
i Elgoltua;og;as analyzer /',’ Collection ——/'
. id Component set _,—f‘ .
.....:Elif::&?nif:;ézev.@, <7 | concest has quality
? computer Concept Schgj’ne
taa -.cmm\eﬂwrgdemb entity _ el
................. T ,C-OTﬁII‘ILIaﬂ‘l

-..Qentral processmg umt T

* general role

* generically dependent continuant

* independent continuant

= specifically dependent continuant
= quality

acoustic quality

amount

chemical substance quality

conductivity

Ao e

TN

device conﬂguration

©2020 Allotrope Foundation
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AFO: Data and Semantic

s http://purl.allotrope.org/ontologies/property#iFX_B8ea972 [ Instance da.ta ] I] expressed by [ Vocabulary ]

af-x:AFX_0008972 rdf:type owl:0bjectProperty ;

rdfs:subProperty0f af-x:AFX_2882793 ;
rdf:type owl:TransitiveProperty ;
rdfs:domain ro:_ 8882577 ;

rdfs:range bfo:_eeeeo4a ;

rdfs:isDefinedBy <http://purl.allotrope.org/voc/afo/REC/2028/09/r|

| urn:uuid:b3babbb3-090f-4b40-b914-313bb7b58cea |

k caltlabel "has ohyeical oact™ -

e Ogipistl"A physical object that forms a system that
: nnnnnn
- -
N = = h m nen
skos:pr‘efLabéI. as componen . - - aS CO po e t
Sttsssssmsusss - -
- -
###  http://purl.obolibrary.org/obe/RO_802E656 'TITIT] v

ro:_0@20¢ss rdf:type onl:ObjectProperty ; [urn:uuid:ad0701f2-886d-43c2-94a7-7aab51bcc0f1 ]

rdfs:subPropertyof ro:_oeeeess ;

rdfs:range bfo:_eeeeels ;

-1 has qualit
-
rdfs:isDefinedBy /’,—*’ q y
<http://purl.allotrope.org/voc/afo/REC/2028/89/relation> ; e

clock speed
of 3.5GHz

skos:definition WENIEDIEYSTL T W] 1ndependent continuant (the

bearer

skos:editorialMote "A bearer can have many qualities, and its ,—‘
qualities can exist for different periods of time, but none of its gu&Eﬁ:les
can exist when the bearer does not exist. [RO]" :

skos:example "this apple has quallty th;s'r‘ed color”

H

skos: pr‘e‘FLabﬁI has quall

.
LEETTTTE I LA

©2020 Allotrope Foundation



###  http://purl.allotrope.org/ontologies/property#AFX_BO0@972
af-x:AFX_0008972 rdf:type owl:0bjectProperty ;

AFO: Data and Semantic

rdfs:subProperty0f af-x:AFX_2882793 ;

rdf:type owl:TransitiveProperty ;
rdfs:domain ro

:_BpesT77
rdfs:range bfo

_booeoda

H

[ instance data ] I] expressed by

[ vocabulary ]
rdfs:isDefinedBy <http://purl.allotrope.org/voc/afo/REC/2028/09/r| .
ohysical pact™ -
e Ogipistl"A physical object that forms a system that
hyei c 5
JEPECEEEEETE TR,
K

L% skos pr‘efLabe ‘.%smpmr

###  http://purl.obolibrary.org/obo/RO_2820086

e
o

ro:_@eeeesé rdf:type owl:ObjectProperty ;

rdfs:subPropertyof ro

annotatlons
1_08aeas3
rdfs:range bfo

| urn:uuid:b3babbb3-090f-4b40-b914-313bb7b58cea |

1_0@agals ;
rdfs:isDefinedBy

ALie

skos:definition |@
bearer) and a qual1ty_, in which th
or its existence.

has companent

\ 4
<http://purl.allotrope.org/voc/afo/REC/2028/89/relation> ;

computer

\

‘\‘| Preferred Name
[urn uuid:ad0701f2-886d-43c2-94a7-7aab51bccofl ]
‘A relation between an independent continuant (the

e guality specifically depends on the bearer

can exist when the bearer does not exist.

skos:editorialNote "A bearer can have many qualltlesi,and' 1ts
qualities can exist for different periods of time, but nongarf’ its qualities

T
1
\

desktop computer
Definitions

-1 has quality
[RCI]"; JPitoas

1

1

1
skos:example "this apple har--tﬁ.lallty this red color”

-

I:—'has quality”
©2020 Allotrope Foundation

H

clock speed
of 3.5GHz

A computer is a general-purpose device that can be
hittp: )

than one kind of problem. [Wikipedia]
akxoco2s1s  true
al té\rnati\;e label
1

\

\
defitjtion
\

A computer is a general-purpose device that can be
[}

purl.allotrope.org fontologies /equipmentEAFH

desktop computer

hittp
‘__....\....

than one kind of problem. [Wikipedia]
1

isDeI‘i‘\ecIEv,r

referred IaIJe'i A

purl.allotrope.org /voc/afo /REC/ 2020/ 06 /aft
computer
') -"‘

af-e:AFE_DO01695
subClassOf

device




N
AFO: Best Practice

https://community.allotrope.org/resources/reference
/semantic/style quide/afo style gquide/

e Defined by the Allotrope style guide

e AFO follows best practices for ontology design i i, e o sy e s

o Applying top level ontology L

m Ensures compatibility with other ontologies
o Single inheritance principle

m One parent class for each term

m Prevents ambiguity

m Easily modularized

m Low computation when implementing logical reasoning
o Consistency

m Avoiding errors
o Satisfiability

m All classes can be instantiated
o Modularization

o reuse
©2020 Allotrope Foundation

2.2 AFO Alignment with Basic Formal Ontology (BFO)

[ BASIC FORMAL ONTOLOGY (BFO) ]

[ CONTINUANT ] [ OCCURRENT ]

Figure 2: Overview of BFO



https://community.allotrope.org/resources/reference/semantic/style_guide/afo_style_guide/

AFO: merged.ttl — A Suite of Ontologies

e AFO is a hierarchy of terms =
e AFO can be serialized using backbone (aittl )
core
text format such as TURTLE top/mid evel ---
syntax (.t w5 comn oot | oot ) o
e merged.ttl is AFO suite of perspective (_Toeata 1 (organzatonu)(POencl (" sysiemi | @ @ @
ontologies specific domain (_chesl J(_cHmo ) paTO ) QB ] eee

©2020 Allotrope Foundation
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AFO: aft.ttl — Allotrope Foundation Taxonomy (.ttl)

e AFT is the backbone of AFO [memedn]
e AFT aligns with BFO backbone (NN
. . . fo.ttl lation.ttl
e AFT is a hierarchy of universals  core (L afott J{relation )
top/mid Ievel[ BFO ][ IAO ][ OBl ]
and Allotrope classes AF domain _catibrationt |( g0 miingu [ inectiontt J{osmometryti | © @ o
e Hierarchy of is_a: perspective [ TOE@ ) (organization.t] [ POOMEL [ ysiemul | @ @ @
o rdfs:subClassOf specific domain [ cheBl | cHMO |__PATO || QB | eee
e No relations other ((skos ) bc  J( SHACL |( ORG Jeee

ADF[ datacube.ttl ][datapackage.ttl][ graph.ttl ][ manifest.ttl ] [ X X))

e Each term has a unique identifier

e Mandatory annotation: Taxonomy is a hierarchy of linked terms by
o single skos:prefLabel subtype relations and denoting types:
o single skos:definition ©  universals,
) O  classes,
e terms must follow the Allotrope style guide o primitives

©2020 Allotrope Foundation
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AFO: aft.ttl — Allotrope Foundation Taxonomy (.ttl)

s
Hierarghy of
univerpals

Allotrope Merged Ontology Suite

Last uploaded: August 17, 2020

Summary Classes Properties Notes

Jump to:

#  Attachable (abstract)
Class
Collection
Component set
Cao neept
eoRcept Qché’me.
entity AR
continuant ’x
# general role
generically dependeal continuant
independent contlndam

immaterial entlty

material en.my

uy”

&
+

fiat object part

material
= artifact

device
# agitator

blood gas analyzer
collecting device
communication device
computer

-
-

controller ’
conversion device Pte
cooling device
damper B
data acquisition dgﬁfe
*  detector o
{uodﬂ...,

&
&
&
&

4._________..__1

., dis| r
& Bl Ton device "‘~~-___
electrode ==
# electromagnetic radiation source

connecting device R4
container 2727

©2020 Allotrope Foundation

backbone -

core [ afo.ttl ][ relation. ttl ]

top/mid level [

Beo I 1A0

Il

oBl |

Preferred Name

Synonyms
Definitions )

l“
Tizawesezl?

AFX_0002818

alternative label
definition

isDefinedBy

“~,

preferred label : it

Wisualization

Motes (0}

Class Mappings (18 )

display

display device

A display is a device or element of an instrument serving to repres

http:/

true

purl.allotrope.org/ ontologies fequipmentEAFE_0000761

display device

A display is a device or element of an instrument serving to repres

http:/

purl.allotrope.org/voc/afo /REC, 2020/ 06 faft

display

p'e.f;.\.(.FI. af-e:AFE_0000751
RO_00O000S83 to display
T subClassor e device

&

ent information. [Allotrope]

ent information. [Allotrope]




>

AFO: afo.ttl - Allotrope Foundation Ontology (.ttl)

e afo.ttl contains the core ontology [merged.ul |

of Allotrope backbone ([ afttl ) m
e AFO core ([EHONINY  relation. |

top/mid level [ Bro | a0 |( oBl |

o [ [ . =
adds rela_mons (Other_than Is_a) AF doma|n| calibration.ti || gsﬂmm;_m |[ injection.tl ][osmometry.ttl] eoe
adds |0glca| Expression perspective[ 2:::;?:::&"' ][organization.ttl]l Enomor?-ff-l ll system.ttl l 'Y X )

o
o contains defined classes specific domain [ cheBl | CHMO ) PATO J( QB ] eee
o Imports aft.ttl other(“skos | bc | SHACL J( ORG Jeee

ADF[ datacube.ttl ][datapackage.ttl][ graph.ttl ][ manifest.ttl ] [ X X))

Ontology is a representational artifact, consisting of
o taxonomy as proper part, whose representations are intended to
designate some combination of
m universals,
m defined classes (collection of individuals, grouped together)
o and certain relations between them

©2020 Allotrope Foundation



AFO: afo.ttl - Allotrope Foundation Ontology (.ttl)

e afo.ttl adds several different types of relations

for linking Classes, Instances and Literals: i
o owl:ObjectProperty |
“ " Literal
o owl:DatatypeProperty

o owl:AnnotationPrperty

[ ObjectProperty ]

[ DatatypeProperty ]
Linking nodes in a graph

[ AnnotationProperty]
Linking instance and literal values Linking any resource for annotation

rdfs:subclassOf I AFX:has value (_ R skos:prefLabel B R
<serial#-4> N fbc27600 computer
N,
\ 2 s

- ignored by a reasoner
rdfs:type . N

N,

\
Q‘pur\‘a\\utmpeargrbntm\ugles,’p x 4+
\,

ot secure | purl.allotrope.org/ontologies/property#AFX_0000690
..... N,

0y

bfo:has part K
computer-7> <display-3> 1

A " \
(ht.rﬁﬁ‘mxm.aﬂét‘ra pe.org/ontologies/property#AFX_0000690) ‘
synonyms: value

The literal piece of information as part of some information entity object. [Allotrope]

©2020 Allotrope Foundation
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AF: AF Ontology Development Lifecycle

AFO source repository can be found at:

https://qitlab.com/allotrope/afo
backbone|  aft.tl
S @ R core [ afo.ttl ][ relation.ttl ]

top/midlevel [ BFO | 1A0 | o8I

: L cell-

AF domam' calibration.ttl ll countingtt l[ injection.ttl ][osmometry.ttl] LA
; molecular- . portion-of-

perspectlve[ scalet ][organlzatlon.ttl] material til l system.ttl l 'YX X))

specificdomain[ ChEBI ][ CHMO ][ PATO || QB |eee
other( skos | Dc ) SHACL || ORG |eee

ADF[ datacube.ttl ][datapackage.ttl][ graph.ttl ][ manifest.ttl ] [ X X))

AFO QA tools can be found at:
https://qgitlab.com/allotrope-open-source/allotrope-devops

©2020 Allotrope Foundation
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https://gitlab.com/allotrope/afo
https://gitlab.com/allotrope-open-source/allotrope-devops
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