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Motivation

* Knowledge graphs are useful to describe complex
scientific data
e can describe unstructured data and how they are interrelated
* typically realised with RDF (subject, predicate, object) triples

Ontology Logics, OWL
* may be unstructured (without or with weak schema) semantic
interoperability Taxonomy formal hierarchy, RDFS
omtactc  thocaurus @ omonyms, asosiation elatons
* Ontology — can be seen as a schema for a knowledge iereperabilty
gra p h Informal hierarchy table of contents, xm/
* EMMO fills the role as a strong schema for knowledge graphs List @ glossary, catalogue 1D

for applled sciences Source: Geoff Gross, Osthus
* enable reasoning
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* Introduction to EMMO

e Example of how to enable interoperability between characterisation
and modelling using EMMO

e Questions
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semiotics EMMO middle ordinal
process symbols |
properties oy models materials
chemistry manufacturing metrology

cfcore ‘\\ _______________________________ diffuse border
*
/ \ domains \ generic

crystallography mechanics thermodynamics
™~ event
electronlc electrochemistry representations
echanlcal testmg N
atomistic corrosion workflow
K mlcrostructu re batteries / mappings
applications
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isA—>

hasMember- - -
hasPart ——»
hasTemporalPart >

=%=

Perspectlve

EMMO mid level

Perspectives

Pluralisms

Perceptual
* symbols

* languages
* metrology

ENERGY Ziciiicy

Holistic

* processes _
. semiotics Reductionistic Phy5|caI|st|c *  mathematics
 properties * direct parthood * matter

e  models e countability » field

e ordering *  material

EuroNanoForum, May 4, 2021




* X %
* *

«emc + Physicalistic perspective

* *
* 4 Kk

; [ N $ © The world as described by a physicist
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https://www.furman.edu/academics/physics/
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Perceptual \‘

Physicals that stand for a real world

. . . - P \ Stands for a real world object identifiable
objects that can stimulate a perception \”‘CO_”_SEC""' (P2l ) hrough optical perception
is-a
- N Stands for a real world object showing an
Graphlcal

_~ identifiable pattern

> e
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© Based on the International Vocabulary of Metrology (VIM) and ISO 80 000
© Essential part of practical interoperability

© —Refers to QUDT, OM and Wikipedia AT
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Reductionistic perspective: direct parthood

©—Material Entities can be represented in EMMO by a Hierarchy of parthood relations.

© One material - different levels of granularity.

© Hierarchy of structure can be univocally defined. Direct parthood is non-transitive
(£ //*f\\
S S 2 ~
- \\\*//l/ /

yis direct part of x
zis direct part of y
z is not direct part of x

4 % i
hasSpatiaIDirect&

. R,

LT - *s

TPty ’ ‘.‘ e

R L hasSpatialDirectPart
hasSpatialDirectPart hasSpatialDirectPart hasSpatialDirectPart
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©— By defining the mereological relation of direct parthood, EMMO is able to
describe entities as made of parts at different level of granularity.

©—The individuals form a directed rooted tree

© —The individuals at a certain granularity level are countable and can be ordered!

—_—_—————— e — e e e e —— — — —— — — — — — — ———

Granularity A |
|
|
|

—_—— —————— — —_—— — —— —_—— — — —_—— — — —_—_——————_——_——_————

Granularity B |
I
I
I

——— —— — —— f— —— — ——— —— —\— — —— —— — —_————————

BROADCASTING

Granularity C
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Describes whole 4D object (process) and the role of its participants

\ Assigned by

the Ontologist

— 2Poral
<o
A -
~
- N ~<

Physical

—+

At
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o wrsmes—— [§U] AL I

May be divided into sub-processes ——
Sample Experimental Measure Postprocess
preparation setup raw output

Adapted from G. Goldbeck
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interpretant

another sign determined or
created by the first one

Charles S. Peirce
semiotic theory

real world object
represented by the sign

stands for (represents)
the object

sign object

The interpreter providing the connections between the three elements
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/ The cascade of semiosis \

interpretant 3

object 3/
sign 3 interpretant 2
object 2/
sign 2 interpretant 1
sign 1 object 1

Provides a formal way to describe a
process to needed level of granularity
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EMMO Properties

TECHNICAL ISO/TS
SPECIFICATION 10303-1002

First edition
2001-09-01

Industrial automation systems and

integration — Product data representation
and exchange —

Part 1002:
Application module: Colour

Systémes d'automatisation industrielle et intégration — Représentation
et échange de données de produits —

FPartie 1002: Modufe d'application: Couleur

4.2.1 Colour

A Colour 15 a name for a property of reflecting light at a particular wavelength,

EXPRESS specification:

#

ENTITY Colour:
name : STRING:

END _ENTITY;

[ *

Attribute definitions:

name: The name specifies the word or group of words by which the Colour 15 known.
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Interpretant
s N ;
low level / \

representation

Interpreter
Obm/Cl{ecognition br\'&region

"Black cat"

Sign Object Neural representation of black and cat
) ) Interpretant
Electric neural signal
Field
N Retina impression o JiENFTE ey
P high level Occular brain
representation region .
Sign Object Retina impression
. . Interpretant
Electric nerve signal
Interpretant "Black cat” from the eye
Field
Interpreter
Interpreter Eye
Human being
Scattered light Sign Object Black cat
Sign Object Blackcat Scattered light
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Characterisation is the (semiotic) process of measuring
determining a material's structure and properties.

Quantitative properties are determined by a well-defined
semiotic process, with participants:

(7

(7

15.

‘b
&, &
£\ il

Object: real world object with a property that we want
to measure -> Sample

Sign: stands for the physical that communicates the
measurement (-> signal in the MeasuringSystem that
produces the MeasurementResult)

Measuringlnstrument

Interpretant: another sigh that stands for the measured
guantitative property -> MeasurementResult

Interpreter: the measurement instrument used to

perform the measurement -> MeasuringSystem iSA ——=
hasPart ——»
hasParticipant —»

hasProperty

hasSpatialDirectPart ——»
inverse —a
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Modelling

Modelling is the (semiotic) process of applying a model to
describe or predict a phenomenon.

<7

Quantitative properties are determined by a well- ‘
defined semiotic process, with participants: @

(7

(7

(7

16.

Object: real world object with a property that
we want to model -> Object i @

Sign: stands for the model that is used to s
produce the result -> Model ) == nterpreter @

Interpretant: another sigh that stands for the
modelled property -> Property

\

Interpreter: the person or system that runs and

~ K isA —
interprets the results of a model -> Modeller hasParticipant ——»
@ hasProperParticipant- - - »
hasProperty
inverse ——
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EMMO Models

© A Model is also Sign

© A simplified representation of a physical or process, aimed to assist
calculations for describing or predicting its behaviour.
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© —\What to include
©—ontologies (top, middle, domain, application)

©—individuals representing the participants and metadata in the
characterisation/modelling case

© —mappings (e.g. from data sources to ontological concepts)

© \What to not include
©—data sets (images, modelling output files, ...)

© Benefits of including data
©—semantic searchable (SPARQL)
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EMMO applied to industrial data ecosystem

EMMO applied to open innovation platforms and
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