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Ontology As Language

.= ONTOLOGY » =

Chiparla male, pensa male e vive male.

[Lcumm | [ oot | [ vad ] Bisogna trovare le parole giuste: le parole 99
N - sono importanti!
&‘\’ Universe z’iéiw(t)) - qu’(t)> MA TH 4 } ! !:\".-\_\'."_"Cl MORETTI
Universal Language Provides Models of the World
(i.e. transcend linguistic differences) (i.e. let us play with abstractions instead of

material things)

Hard to learn .
(i.e. requires adequate fraining) When It Works, It Can Be Hidden

(i.,e. things using it may confine its complexity
behind the user interface layer)

Able to Perform Logical Reasoning

(i.e. infer new knowledge from existing one)
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Ontology As Language

e

N PHYSICS Math has been the key for the highest
achievements in Physics

(e.g. Newton, Maxwell, Einstein, Schrodinger, Standard Model)

2

zn%vv(t)} = H|¥(t)) MATH

APPLIED
Ontologies can be the key for a quantum SCIENCES
leap in Applied Sciences and Industry data
(e.g. pervasive digitalization, knowledge sharing, Industry 4.0 to 5.0) /r' ( -~ \' -1 ONTOLOGY
[Coer ||§}~vl1|| |
o
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Talking to Machines

Machines understand the logical language of ontologies
(e.g. FOL, OWL-2), and already can be used to:

 document data (e.g. dcterms, DCAT)
* infer new knowledge (e.g. resoners)

e support Al (e.g. ontology assisted Al)
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Conceptualisation

Physics uses Quantities (humbers) to model the world
Ontologies use Concepts to build a (onto)-logical representation of the world
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Conceptualisation

Jumping from Ontology to World requires Interpretation

hemistry

{Q’%Qu

WORLH

Several conceptualizations exist for the same things, so that almost each
human being is going to provide a different definition for a single term.

(physics is not affected since it works with quantities, and solve the issue with well defined measurement practices)

OntoTrans Open Workshop Il — 7" September 2023



_ONTQTRANS
Conceptualisation

@mf R

. 4

Everything we create to satisfy our needs begins with a human meaningful input and

a human meaningful output (e.g. food, sound, product, action, picture, dataset).
e.g. Von Neumann architecture without I/O is a useless machine!

An ontology provides concepts to semantically categorise such input and outputs,
according to a particular perspective, so that a user can understand what type of
entities a particular tool may provide.

e.g. ChatGPT: good for assemble realistic language structures, but no idea about the meaning
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Talking to Machines

Ontology Entities
class relation individual

Example of axioms:

ClassAssertion( :a :Car)

ClassAssertion( :r :Color)
ObjectPropertyAssertion( :hasColor :a :r

Real-world objects
No specific ontological commitment
about the meaning of ‘real’ and
‘object’ in OWL 2. Relying on common
sense.

)

Flower

_ _ - .hasColor some - - -

o

Y

Thing -1~g5\\\\\
!
E ¥
Color -« - - hasColor some - - - Car >

.

Yellow

a o -o
ot~
s
- e o
nascolor C ;
————————— e 3
— & 3
LS Ky
L ;_Ei: 4 A
S & %,
S : %
,§‘ £ Op
pL N .
5

T-Box

A-Box

(Instances)

(Abstract
Knowledge)
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Talking to Machines

A great boost towards the use of formal ontologies in
practice came in the ‘90 from the Semantic Web
extension of the World Wide Web, thanks to the W3C
standardization activities.

The objective Semantic Web is to make Internet data
machine-readable.

Ontologies (in particular formal ontologies) play an
important role in the Semantic Web and are placed in
the higher levels of the architecture of languages.

However, the scope and ambition of such ontologies
differ substantially from the ones coming from the
philosophical community.

But an important concept as been introduces: the need
for practical applications!

User interface and applications

W3C

Unifying Logic
Querying: OWL RIF/SWRL
SPARQL _
Taxonomies: RDFS
Data interchange:RDF

Identifiers: URI Character Set: UNICODE

10
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Talking to Machines

An OWL 2 Ontology is formally expressed in a persistent form by axioms
declarations following a specific syntax (e.g. ASCII file with Turtle syntax)

Thing
_<§F EE q%?
Flower _ __.hasColor some - - -k Color = - - hasColor some - - -
- Sy
[1+]
Yellow Red

Car

@prefix : <http://www.semanticweb.org/emanuele/ontologies/example#> .
@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix rdf: <http://www.w3.0rg/1999,/02/22-rdf-syntax-ns# .

@prefix xml: <http://www.w3.0rg/XML/1998/namespace> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

@base <http://www.semanticweb.org/emanuele/ontologies/example>

<http://www.semanticweb.org/emanuele/ontologies/example> rdf:type owl:Ontology .

thasColor rdf:type owl:0bjectProperty ;
rdfs:subProperty0f owl:topObjectProperty ;
rdfs:range :Color .

P .
:Car rdf:type owl:Class ;

rdfs:subClass0f [ rdf:type owl:Restriction ;
owl:onProperty :hasColor ;
owl:someValuesFrom :Color

## hitp:/ /v
:Color rdf:type

Cmail b
owl:Class .

#H# hLip: [/ wi 13 b
‘Flower rdf:type owl:Class ;
rdfs:subClassof [ rdf:type owl:Restriction ;
owl:onProperty :hasColor ;
owl:someValuesFrom :Color

## h Wik, SEMa
:Red rdf:type owl:Class ;
rdfs:subClass0f :Color .

#H#  http://www. seman h
:Yellow rdf:type owl:Class ;
rdfs:subClass0f :Color .

o .
:a rdf:type owl:NamedIndividual ,
icar ;
:hasColor :r .

e .
:b rdf:type owl:NamedIndividual ,
:Car ;
thasColor :y .

#HE
:f rdf:type owl:NamedIndividual ,
:Flower ;
thasColor :y .

i :
:r rdf:type owl:NamedIndividual ,

:Color .

#H :

1y rdf:type owl:NamedIndividual ,
:Color .

11
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Facilitate Users’ Life

TRANSLATORS

INDUSTRIAL USERS ONTOLOGISTS

Human Friendly Graphical

Formal Ontolo
Template Conceptualisation BY

@prefix : <http://wa.senanticweb.org/emanuele/ontologies/exanples> .
@prefix owl: <http://wi.w3.0rg/2002/07/onl#> .

@prefix rdf: <http://w.3.0rg/1999/02/22-rdf -syntax-nsé> .

@prefix xnl: <http://www.w3.0rg/XML/1998/nanespace> -

@prefix xsd: <http://wi.w3.0rq/2001/XMLSchema#s .

gprefix rdfs: <http://wi.w3.0rq/2000/01/rdf-schemats .

@base <http://ww.Semanticweb.org/enanuele/ontologies/exanples .

Material Object

Material Object 2

K

Material Object 5
. <http://ww. semanticueb . org/emanuele/ontologies/exanple> rdf:type owl:0ntology .
Material Object

### http://www.semanticweb.org, alogis @ample#hasColor

:hasColor rdf:type owl:0bjectProperty ;
5 :subProperty0f owl:topobjectProperty ;

e e rdfsirange :Color .
MaterlObject  Descrption :
R - Syt criponoithe | vt W4 Bttp: s, semanticueb ol Car
manufacturing/physical/ :Car rdf:type owl:Class ;
[T PA— P — [ e el messurement/evaluation GRAE rdfe:subClassOf [ rdfitype owl:Restriction ;
Froperty 1 o’ 0 the Kb!:a"mxme, ‘occurs) fe.g. 150 object)e.g. ustomer, ntiies process entitles owl:onProperty :hasColor ;
sccused) names 5y procedure) meosurementdevice) - owl :somevalueskrom :Color
Object 1 de H 1
descpton) Property2 stands for § stonds for stands for .
i | 4 DTLD:/ /v semanticweb.org ologi @mple#Color
ooerys | i
" i H :Color rdf:type owl:Class .
o
i post-processed ###  hrtp://wad.semanticweb.org ologies/exanpletFlower
Object 2 Froperty 2 :Flower rdf:type owl:Class ;
i rdfs:subClass0f [ rdfstype owliRestriction ;
P e oulionProperty shasColor ;

owl:someValuesFrom :Color
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Terminology | (how we understand each others...)

Innovation Challenge: the high-level innovation objective addressed by specific cases

expressed in natural language (e.g. master the process parameters, agile response to
product, market and regulatory requirements)

Innovation Case (or Application): a specific class of cases (e.g. design, manufacturing,

sales) for which the challenge applies, involving processes and material objects and
expressed in some human readable form (e.g. diagrams, flow charts).

User Case: a specific implementation of an innovation case for the user (e.g. a step in

the manufacturing of a specific product, a manufacturing line of a company).

Workflow: data workflow expressed using MODA (or MODA-like) graphs representing
the combination of methods for the prediction of properties of our objects/processes
of interests (the totality or part of the user case).

13
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Terminology [l (how we understand each others...)

Knowledge Source: everything that can be used to provide new knowledge from existing
one. It needs an INPUT (e.g. case set up for simulation, query for a database) and
provide an OUTPUT.

Knowledge Generator: a knowledge source that generate new non-existing
knowledge (e.g. a model that provides calculated properties for an object, the
INPUT is the setup case and the OUTPUT are the properties)

Knowledge Repository: a knowledge source that provides already-existing
knowledge (e.g. a database of properties, the INPUT is the name of the substance
and OUTPUT is the desired property)

14 OntoTrans Open Workshop Il — 7" September 2023
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Innovation Case & L5 & i

EMMO: Causality and not time is the criteria
for creating such type of workflows.

Material Object 1

Process 1 Material Object 3

Material Object 2

Process 2 Material Object 5

Material Object 4

An innovation case is formalised as an ontological entities workflow with the
purpose of identifying all the entities that play a role in the case to be
referenced by properties and models.

A simplified object/process approach is chosen to facilitate understanding by users without experience in
ontologies.

15
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Innovation Case & L% 3 idi

List of all properties we need to deal with, for each innovation case.
Please consider that in the EMMO everything we know about an entity must come as a property, which is a symbolic representation of the
object itself defined for a specific class of interpreters within a well defined observation process.

Data Description (symbolic) Potential Interpreters

Property Names | Property Description (semantics)

Reference Physical

Data Type Data Range Units Measured by Modelled by | Assigned by Other

Source Data File
Format

Quantity

16 OntoTrans Open Workshop Il — 7" September 2023
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INPUT
KPls
INPUT
KPls
INPUT
KPls

Case, expressing the different user approaches

User Cases are subsets of a specific Innovation g
to address the Innovation Challenge PERSONA

Different User Cases for the same real world innovation case can be proposed, each
one focusing on different set of properties or level of details of the objects,
according to specific design objectives

User Cases are represented like the Innovation Case, by selecting objects (or macro
objects), processes and properties of interest

Properties of real world objects/processes must be defined as problem inputs or
KPls, for each User Case

17
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Workflows a

Workflows are intended as data workflow.

INPUT
KPls
INPUT
KPls
INPUT
KPls

Workflows describe how properties are obtained &
by means of tools (e.g. simulation software) or SERSONA
methodologies (e.g. measurement).

Wokflows are made of a connected sequence of knowledge sources (e.g. models,
databases, experiment).

measurement/evaluation .
entities
process

A

A knowledge source stands [ properties of real world
for (i.e. substitute, act as, e
predict the outcome of) a
real process.

[ manufacturng/physca/] [ oroperty of real world ]

A A

stands for

Workflows must be represented using
MODA-like graphs, and refers in each input
step the real world properties and real
world processes of the user case

output

18 OntoTrans Open Workshop Il — 7" September 2023
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Workflows . cEnTEneED

Build one or more potential data workflow connecting data representing =
properties of real world entities part of the user case

manufacturing/physical/
properties 1 measurement/evaluatio properties 2
n process

INPUT

A A A

I stands for i

output 1

output 2

1

1 1 1

i istandsfbr i
A4 A4 A4 =
)
manufacturing/physical/ o

properties 1 measurement/evaluatio properties 2 '5 KPls

n process @)
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Generic Example
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Raw

Powder

Sieving

Reactor Output

PlasmaSynthesis

Object Description

Micrometric aluminium

Raw Powder particles
Precursor Size controlled aluminium
u particles
Aluminium nanoparticles
Reactor Output aggregates coming from the

reactor

Final Product

Sonicated aluminium
nanoparticles

Aluminium

Sonication

Process Description

Sievin The process of selecting

8 particles according to...

Plasma Vaporisation of materials

Synthe sis through a plasma reactor for ...
Application of sound energy to

Sonication break nanoparticles aggregates
into smaller...

Nanoparticles

microparticle loading

plasma gas

//
v
|
|
|
; ~— ICP torch
| !
O ! ol
i
] O
O fm*ﬁ O
o
O " IR
11 \ . .
’,'TI ! | ‘ \\ microparticles
T=5000 K —"1 |} : I — melting and
RS vaporization
Silicon vapour —_ '\ % 7 S
\\. ) \Jr,/
N _— reaction chamber
\\;| -

pvap PP —

} . ‘I/r-TESOOK
e J . . . ¢ ¢
homogeneous a7 e : e’ »
nucleation ele * %%,

. . * L]

I (7 .. .
heterogeneous | e
condensation and — [ ) i
coagulation : L4 )

I [ ]

i

|

|

i
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Entity

Raw Powder

Reactor
Output

Aluminium
Nanoparticles

Plasma
Synthesis

Sonication

—ONTQTRANS
Generic Example

Raw
Powder
Sievin

Property Names
Powder's mean
diameter
Powder's Price

Nanoparticles
mean diameter

Aluminum
nanoparticles mean
diameter

Treatment time

Plasma Power

Sonication power

Reactor Output

g PlasmaSynthesis

Property Description (semantics)

The mean diameter of powder's
particles.

The mass price of the powders

The mean diameter of nanoparticles
collected after the synthesis.

The mean diameter of nanoparticles
collected after the sonication.

The process time.

The power of the plasma torch in the
reactor.

The power of the sonicator.

Data Type

Real scalar

Real scalar

Real scalar

Real scalar

Real Scalar

Real Scalar

Real Scalar

Aluminium

Nanoparticles

Sonication

Data Description (symbolic)

Data Range

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Units

Reference Physical
Quantity

Diameter

Price per kg

Diameter

Diameter

Time

Power

Power

Potential Interpreters

Measured by | Modelled by Assigned by | Other

i - Seller B
i - Seller B
Synthesis
Internal Lab . i
Maodel
Sonication
Internal Lab Model
Device Timer -
Reactor
instrumentation Operator
Sonicator Sonication ML
Operator

instrumentation  model

21
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Generic Example

emmo:ManufacturingProcess

rdfs:subClassOf
1

rdfs:subClassOf

\\)-

emmo:Process

emmo:ManufacturingStep

rdfs:subClassOf

[

rdfs:subClassOf
[

rdfs:subClassOf

\

Sieving

PlasmaSynthesis

Sonication

Raw
Powder

Aluminium

Reactor Output .
P Nanoparticles

Sieving PlasmaSynthesis Sonication

(

1)
Y
— - - -hasTNext - - - - - -
TN ¢

@ 5]
i h«;sC-.J::Jut

’ .

. X 1
has nput ‘ '
I I

ﬁa:lant

(

RawPowder

Precursor

rdfs subClassOf rdfs: subCIassOf

N

emmo:Material

-

. :I I"as\Ou:put
'—;SOU:P\Jt hasinput e -*
\-\asitlei" . \
- _P. - a)
' x
L]
\V AluminiumNanoparticles
Rea CtOFOUtpUt

rdfs:subClassOf

rdfs:subClassOf

<

emmo:Product

22
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Generic Example

Reactor Output

PlasmaSynthesis

INPUT

stands for

A4

Innovation Challenge:

KPI:

Produce Al nanoparticles of selected diameter

Plasma Power (e.g. the focus in on minimising process power)

stands for

v

output 2

1
I
I
I
I

A4

Manoparticles Mean
Diameter

Plasma Synthesis Process

Plasma Power

KPIs

23
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Representational Capabilities

This was an easy example of conceptualisation, based
on object, processes, properties, and a simple
workflow.

But if we want to represent complex materials,
structured datasets, multi-step workflows, we need an
ontology with an adequate representational power.

24
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Elementary Multiperspective Material

Ontology (EMMO)

Started by practitioners in Materials Science in 2018 in order to
produce a framework consistent with scientific principles and

methodologies.

Developed in a number of projects under the governance of the
European Materials Modelling Council (https://emmc.eu/)

Elementary: it is a fundamental, top-level ontology, while at the same time assuming the existence of objects that cannot be divided

further in space and time
Multiperspective: it enables scientists to describe the world by resorting to different views or perspectives, thus providing a high

expressive power and versatility

* X X

All relationships among objects can be of three types: " "
Causal (connectivity) * EMMC %
Mereological (parthood) * *

* oy Kk

Semiotic (entities that refer to other entities according to an agent)

25
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Radical Physicalism

We decided to completely embrace a
physics-based description of the world,
starting from the more fundamental and
universally accepted knowledge about
the nature, from Ancient Greek @uotlc
(physis): the Standard Model of Particle.

The SMP is the modern version of the
ancient philosopher’s ontology: it tells you
everything about the world, up to its
fundamental beings, in Ancient Greek
ovta (onta)

Standard Model of Elementary Particles and Gravity

(fermions) (bosons)
| I Il
mass  =2.2 MeV/c2 =1.28 GeV/c? =173.1 GeVic? 0 =124.97 GeV/c? 0
harge %4 % % 0 0 0
@@ |®||@| W || O
up J charm J top J gluon higgs graviton
=4.7 MeVic? =96 MeVic2 =4.18 GeVie? 0 ;l-'
—4 ] -4 b 0 Q
4 -4 T
down strange bottom photon '5
\ J o
>
T
=0.511 MeV/c2 =105.66 MeV/c2 =1.7768 GeV/c2 =91.19 GeV/c2 m
-1 e -1 -1 T 0 =
% % % 1
electron muon tau Z boson Nan
O=
72 : 2 m3
= | <lLoeVic? <0.17 MeV/c? <18.2 MeV/c? =80.39 GeVic? L (o]
[®) M
0 1
- |. (Ve Vu - O L ' Og
o e g Y e
w electron muon tau Wb <0
neutrino neutrino neutrino oson w
- Y y (D -

three generations of matter

interactions / force carriers

TENSOR BOSONS

26
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Radical Physicalism

This is the taxonomy of the EMIMO SMP classes, covering all e
possible types of fundamental entities (Quantum). o] | (==
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Radical Physicalism

Then we had to deal with physical phenomena TN W W Wz
describing how particles interacts. g ) W WE

X Zly
We decided to build a causality theory in order to f & il ule/ . b g
represent the Quantum Field Theory interactions, > » N >H e
using Feynman diagrams representations. ' b i " "

It was amazing to see the theory grew almost naturally, and how easily the Feynman diagrams
rules led to a causal graph representation of physical phenomena as Direct Acyclic Graphs with a
maximal graph dimension of 4, totally inline with our four-dimensional approach.

P * '\ @ i >0 o— o O sereeenene: > @ o— o
o >0 o——o \ = >< / = ><
\—\ / o— e o— e o— o o— o
(@) Minimal Causal Structure (b) Locality

Figure 1. EMMO’s Core Naturalistic Commitments (the arrows stand for dC relations) S or 2023
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EMMO Mereocausality

In order to go beyond the standard

, al Plz.2 Parthood: Reflexivity
mo_del' we decided to 80 for the a2 PE:;:,;:;)) AP(y,z) 2> zxz=1y (Pm(f'thood: A'n,tis;:fwnctfyi
fusion of mereology and Causallty’ a3 P(z,y) AP(y,z) = P(x, z) (Parthood: Transitivity)
creating a new discipline called a4 —P(y,x) = Jz(P(z,y) A -0(z,x)) (Strong Supplementation)
mereocausality, that has been ab Jdr(¢(x)) — Iz(F(op(x))(2)) (Unrestricted Composition)
formalised in First Order Logic. a6 VzIy(qP(y, 7)) (Atomicity)
The adoption of AGEM theory also a7 —Clz,z) (Causality: Irreflexivity)
led to the definition of universe: the a8 C(x,y) AC(y,2) — C(xz, 2) (Causality: Transitivity)
smallest and the largest entities are a9 C(z,y) — dC(z,y) V Jzw(C(z, 2) A dC(z,y) A dC(z, w) A C(w, y))
described using these 13 axioms. ) O A . t(Disgf”tm”;:S;

al0 C(z,y) — A AR [ uantum Causalrl?
The EMMO mereocausality theory is i dc(::y) . EIz((dC(:r:,Jz) VaC(z,y)) Ay £ z Az £ 2) ’
fully capable of representing (Minimal Causal Structure)
everything that exist... but is a bit al2 dC(x,y) AdC(z, z) A dC(w,y) — dC(w, z) (Locality)
too detailed for practical usage!!! al3 ITEM(u) (Connected Universe)
29 OntoTrans Open Workshop Il — 70 September 2023
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EMMO OWL Top Level

mereological sum

pEEEEEsEsEsss==s v
\ non self-connected !
. mereological sum

1

self-connected

EMMO represent world R S
entities as a causal

network (a Direct Acyclic woe
Graph) of quantum
entities whose types and
interactions are governed /
by the Standard Model of  ~wa | gunn
Particles. o

Collection E | ACollection is causally
_,.' non self-connected

— disjoint —

A Particle has no

! Particle CausalObject | 7 CausalObjecthase
spatial structure

temporal structure

)

—disjoint —

Elementary |®©mper

_ CausalSystem | tmpore!
non-spatial

spatial

— disjoint

/_
[ o -0 -0 } o /O:
A quantum is the fundamental >‘.
mereological and causal entity of the ) o . : 3
EMMO. Space and time emerge for A elementary lsa entity W'th @ ﬁ"“f.
larger mereological entities, as temporal evolution, but without \
consequences of the causal relations spatial extension.

between their quantum components A causal system has a temporal and spatial
structure and is made of at least two

|nteractlnﬁ causal objects (the most general

OntoTrans Open Worksh@plbeng 8 ember 2023



The EMMO defines spatial
and temporal relations
according to the their
mereocausality structure.

The rules derived from
Feynman diagrams are
paramount for the
creation of such relations
l.e., spacetime emerges
thanks to them.

31
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Spatial and Temporal Relations

Graphical Mereological Relations

Express the mereological relations between concepts through a 4D
graphical representation using the following schemes representing how
objects and processes can relate each others. Each case is labelled
according to how the grey boxes relate to the white ones.

Proper Overlap

Two entities that share some of their parts, without being one part of
the other. All these relations are subrelation of isProperOverlapOf.

isAddedTo isOutputOf

.-

L[] i

+ isRemovedFrom islnputOf
. | OO
=3 T
——time —=
Part Of

affects contributesTo

————————

————————

An entity that is totally comprised into another. All these relations are

subrelation of isPartOf

isConstituentOf

isConstitutiveProcessOf  isProperParticipantOf

1

space —#=—
spatial parts

%time

'

isSubObjectOf

isBehaviourOf

temporal parts

isStatusOf

isSubprocessOf

isStageOf

-
'

___________

Mereological relations can also be expressed with red arrows

— isPartOf ——

istnputGf ——J—

isStage Of =3

Graphical Causal Relations

Express the causal relations between concepts though a 4D graphical
representation using the following relations, expressed by black
arrows.

Temporal Causality

Describes the causal relations between entities that unfold in time.

hasNext (continuity) precedes (indirect causality)
> - - -
hasNextStep hasSubsequentStep
__Ei -
Spatial Causality

Describes the causal relations between entities that unfold in space
(symmetric).

isAdjacentTo  indirectlyAffects  communicatesWith indirectlyCommunicatesWith
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Feynman Diagrams

Compton Scattering (v~ — ye”) Interactions between quantums are
{' described by Standard Model Theory
(QFT), expressed usually through Feynman
- diagrams, enabling the highest possible
Bremsstrahlung (e~ — e 7) OﬂtO'OgiCH' detail and objectivity in the
. = ! representation of materials.

e — N
nucleus Ze nucleus [ \\>[ - ])
. . Bremsstrahlung
Pair Production (v — e'e™) \\»
N O ~ phenomena expressed [ y
’f ‘ by the EMMO /’
N
: [ [ g ]

nucleus Ze nucleus
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Classical Fields

Fusion Sme
Reaclor jl> ?\a

Interactions are represented as mediated by real particles (i.e., a causal chain) so
that it is possible to apply non-quantum approaches (i.e., classical or relativistic).
A classical field is represented as a stream of real particles.

Mfw : M
m —-é—? o——> ¢ ——'PO—Q—V
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Quantum Fields
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Two-ways interactions are mediated by virtual particles (symmetric relations) and
represents space-like interactions between entangled particles, connecting the

o

Unla
entities used to build the Hamiltonian for a quantum mechanical representation. é 1 ,C};Z/

A quantum field is represented as a symmetric relation.
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Representing the World

The EMMO needs to represent all the
entities between SMPs up to the universe.

How do we deal with e.g., composite
narticles, atoms molecules, materials,
nhases, solids, mixtures?

. P
.:nél:. . rb
i s i has_part e

L 2 : L ] .

S | —
el
has_part * X has_part . has_part

has_part 5=\
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Multiscale Representation

The EMMO uses mereocausality to
classify entities according to their
structures, distinguishing between
concepts like physical phenomena

(e.g., scattering) or objects (e.g.,
atom).

This provides a seamless multigranular
representation of world entities:
exactly what you would like a material
ontology to provide!
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From Elementaries to Materials

Why we need a so deep fundamental level of detail in the

description of materials?

Because we want:

- to speak the language of material scientists (e.g. physics,
chemistry)

- to enable unambiguous representation of world entities ready
for been translated into one of the existing physics-
mathematical models (e.g. guantum mechanics)

- to enable multi-scale representation of world entities

- to provide a strong foundation for material-based taxonomies
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Physical Quantities

We wanted to build a representational system able to
embed ISO 80000 International System of Quantities, the
Vocabulary of Metrology, and the SI International System of
Unit in a way that is clearer and more expressive than

existing ontologies (e.g., QUDT).

To do so we separated the semantic from the syntactic part in
the representation of physical quantities.
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Upper Metrological Concepts

\ LY.

i5-a

is-a is-a

MeasurementUnit StandardUnit

e
SVAN SAVE

termes ass&es

ProcedurelUnit

Version 2008 avec corrections mineures

is-a is-a is-a is-a is-3 km, kPa, mm
NonPrefixedUnit DimensionalUnit @ @ DimensionlessUnit PrefixedUnit
7 D Vs AV A N\
is-a is-a is-a [is-a s-a is-a s-a
DerivedUnit )km/s, Pz m, km/n LogarithmicUnit @ w @ SubMultipleUnit @
[V /]
is-a is-a

kg m, s BaseUnit @ Fa
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SI Units

is-a

is-a is-a is-a

km, ms, MPa

SIPrefixedUnit SINonCohere ntDer@ SICoherentDerivedUnit @
</ R

km/s, Pa cm m/s, Pam </ R

SISpecialUnit
Pa

is-a iS-a is-a

@ SISubMultipleUnit SIBaseUnit

kg, m, s
ka MW nm, nJ
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International System of Quantities

EUROPEAN STANDARD N ISO 800001 @

NORME EUROPEENNE
EUROPAISCHE NORM April 2013

e < PhysicalQuantity OrdinalQuantity SubjectiveProperty ObjectiveProperty
<
N V.

is-a is-a is-a is-a

English Version
Quantities and units - Part 1: General (SO 80000-1:2009 + Cor is-a is-a is-a is-a
1:2011)
B e o e e e CategorizedPhysicalQuantity StandardizedPhysicalQuantity PhysicalConstant
<7
\/ /] /\ AV

1ISO80000Categorised
2

is-a is-a DerivedQuantity is-a is-a
InternationalSystemOfQuantity is-a ExactConstant MeasuredConstant

_ |ISQBaseQuantity ISQDerivedQuantity

@ @ AmountOfSubstance @ @ ThermodynamicTemperature
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Physical Quantities

SEMANTIC MEANING
(e.g., length)

/[o. kim)

DATA VALUE

PREFIX UNIT SYMBOL

v
MEASUREMENT UNIT
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Knowledge
Management

We can create a Knowledge
Base based on EMMO, that is
built upon existing Data
Management solutions,
implementing data federation
in practice.

Ontologies are a great way to
make your data (ore better,
your knowledge) FAIR.

ONTOTRANS

ﬁnowledge Bas}

OWL2 DL Ontology

~

v

Instances

v

Metadata

(graph database)

RDF schema values

Abstract knowledge (T-BOX)

Real entities (A-BOX)

-

!

N

dd /—'\
c
(«}] \‘__——/
s E NoSQL SQL
8 %o DataBase DataBase
5
\ > N—_ \g/

—

Data Federation is possible i.e. data can be made directly
reachable from the KB through mapping with the graph database
vendor querying system.

—

\\__/
File External DataBase
Repository (no APl interface)

Data are not directly reachable from the KB
but provide users with information about their
location and accessibility.
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EMMO and CIF

CIFStructure

—ONTQT RANS

syntax
= Data

DataBlock

some

datatype

Loop j

some

Y

Packet

source

/

purpose

type

Value

CIF_CORE

CORE_DIC -

CIFDictionary

'}

SPACE

GROUP

A

_space_group_symop.id

SPACE_GROUP_SYMOP

_space_group_symop.operation_xyz

_space_group_symop.R

semantics

~

container

contents

emmo:Property

semiosis

emmo:Material

real world
material

The acronym CIF is used both for
the Crystallographic Information
File and for the Crystallographic
Information Framework, a
broader system of exchange
protocols based on data
dictionaries and relational rules
expressible in different machine-
readable manifestations.

The EMMO CIF ontology maps all
concepts of CIF-DDL and CIF-
CORE and provides a
multiperspective approach to
represent CIF data and to connect
them to real world materials.
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Conclusions

* The use of ontologies as human-to-machine and machine-to-human
interfaces requires an approach that facilitates the participation of
industrial users in the conceptualisation step (i.e. OntoTrans template)

 Human Translators are needed to guide the industrial users and formalise
the user case in ontological form.

* The EMMO is used to build ontology modules to represent all the steps of
Innovation Case to design, execution and documentation.

* Ontological representation is used to populate a knowledge base (OntoKB)
that can be navigated by agents to harvest existing data, or used as
training set for Al approaches towards automated decision making or

workflow design.
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In Layman Terms...

The ontology is expected to represent, to document and to connect together:

- the innovation and user case (i.e. the things: object and processes)

- their properties (i.e. the data that describes the things)

- the tools used to generate (e.g. models, characterisation) or retrieve (e.g.
databases) the required properties (i.e. the knowledge sources)

- the data workflow used to generate the desired properties (i.e. the KPIs)

I
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