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Virtual Materials Marketplace (VIMMP)

B Horizon 2020 project

-

Innovation action, grant agreement no. 760907
VIMMP ot A8
LRI H2020 (NMBP-25-2017)
http:/lvimmp.eu/ 4 years project — started on 1% January 2018

Objective: To support accelerating innovation in manufacturing industries by
using electronic, atomistic, mesoscopic, and continuum materials modelling.

modelling
& simulation

engineering challenges

actionable decisions

materials modelling
“translation”
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Community governed metadata standards

European Materials Modelling Council (EMMC ASBL)

The non-profit association EMMC ASBL was created in 2019
to ensure the continuity, growth, and sustainability of
community activities for modellers, materials data scientists,
software owners, materials modelling translators, and
manufacturers in Europe. The EMMC regards the integration
of materials modelling and digitalization as critical for an
advancement of industrial process and product design.
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Community governed metadata standards

https:/lemmc.eul/

European Materials Modelling Council (EMMC ASBL)

The non-profit association EMMC ASBL was created in 2019
to ensure the continuity, growth, and sustainability of
community activities for modellers, materials data scientists,
software owners, materials modelling translators, and

manufacturers in Europe. The EMMC regards the integration
of materials modelling and digitalization as critical for an
advancement of industrial process and product design.

Mdl.ﬁl IdiSo VIDUCTIHIINIY Louricn

The non-profit Association, EMMC ASBL. was created in 2019 to

ensure conti® _ay. grv-<th and susl
all stakeby 4o +* * * ~q nodelle
softwary /¢ e wsand
The EM M '@ pratig
digitalii'a * * i) agili
developim * *
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.

EMMC Focus Area on Digitalization

In computational engineering, digitalization encompasses
aspects of representing, managing, accessing, and utilizing
digital information about products, components, materials,
their behaviour, and their processing.

Science and
Technology
Facilities Council
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Knowledge representation in materials modelling

Community-governed development of metadata standards
g oo N

RoMM VI MODA CWA 17284 Yy * electronic

Review of Materials Modelling (compendium)

CEN workshop agreement
mesoscopic
continuum
Science and /
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Knowledge representation in materials modelling

Community-governed development of metadata standards
G 0

ROMM VI MODA | |CWA17284| | Ontologies «8 @ @ | clectronic

Review of Materials Modelling (compendium)

CEN workshop agreement
Domain ontologies
EMMO top-level ontology
mesoscopic
continuum
cience an /
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Provenance description of simulation results

What values did x and p have?

How was the data point obtained?
What is the margin of error, how was
the error defined, and what software

(or experimental setup) was used?

ask the person who
carried out the work

back in 2011
cience an /
7| 18" January 2021 -
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Provenance description of simulation results

What values did x and p have?
How was the data point obtained?

What is the margin of error, how was
the error defined, and what software
(or experimental setup) was used?

ask the person who
carried out the work
back in 2011

“I remember.”
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Provenance description of simulation results

What values did x and p have?

How was the data point obtained?
What is the margin of error, how was
the error defined, and what software

(or experimental setup) was used?

ask the person who
carried out the work

back in 2011
Good practice in managing research data:
Make all data findable, accessible, ~ ‘I remember.
interoperable, and reusable (FAIR). Haha, joke. Of course | don’t.”
K Tochnology. 9 | 13" January 2021 %
Facilities%:!:)uncil y /Vl M M P

AAAAAAAAAAAAAAAA
nnnnnnnnnnn



Provenance description of simulation results: MODA

MODA
MOdelling DAta providing a description
for <user-case name>
simulated in project <acronym>

Data Owner [name, organisation, e-mail]

OVERVIEW of the SIMULATION

EURQPEAN COMMITTEE FOR GTANGARDIZATION
COMITE EUROPEEN DE HORMALISATION
EURDPAIZCHES KOMITEL F R NORMUNG

General description of the User Case. One sentence is enough.

1 USER CASE : " TP 2
No information on the modelling should appear here. The idea is that this user-case can also be

simulated by others with other models and that the results can then be compared.

Please identify the first model. Note these are assumed to be physics-based
models unless it is specified differently.

Most modelling projects consist of a chain of models, (workflow). Here only
the Physics Equations should be given and only names appearing in the
MobeL 1 content list of the Review of Materials Modelling IV should be entered. This
review is available on
2 CHAIN OF MODELS http://ec.europa.eu/research/industrial technologies/e-library.cfm).All
models should be identified as electronic, atomistic, mesoscopic or
continuum.

MoDEL 2 MODA cover

Please identify the second model.
DATA MINING

If data-based models are used, please specify.
METHODOLOGY

Please give the publication which documents the data of this ONE simulation.
PUBLICATION PEER-

3
REVIEWING THE DATA

This article should ensure the quality of this data set (and not only the quality of the models).

Please list whether the model and/or data are free, commercial or open source. Please list the

4 ARCESS CONDITIONS owner and the name of the software or database (including web link if available).

Please give a textual rationale of why you as a modeller have chosen these models and this

'WORKFLOW AND ITS workflow.

RATIONALE This should include the reason why a particular aspect of the user case is to be simulated with a

particular model.

Workflow picture

<Please insert your workflow picture >

cience an /
Technology 10 | 13" January 2021 =
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Provenance description of simulation results: MODA

Please give name andtype of the solver

i DUMERICAL SOIVER e.g. Monte Carlo, SPH, FE, ...iterative, multi-grid, adaptive,...

EURQPEAN COMMITTEE FOR GTANGARDIZATION
COMITE EUROPEEN DE HORMALISATION
EURDPAIZCHES KOMITEL F R NORMUNG

Please give the name and if this is your own code, please specify if it can be shared

3.2 SOFTWARE ToOL with an evt link to website/publication.

If applicable, please give the time step used in the solving operations.
3.3 TIME STEP | This is the numerical time step and this is not the same as the time lapse of the case to
be simulated (see 1.4)

PHysIcs
EQUATION, = Computational representation of the physics equation, materials
MATERIAL | relation and material.

COMPUTATIONAL R:/ILAT'ONS’ There i gt ; inf
ATERIAL ere is no need to repeat user case info.

3.4  REPRESENTATION MODA cover
“Computational” means that this only needs to be filled in when
your computational solver represents the material, properties,
equation variables, in a specific way. )

MODA section 1
If applicable.
COMPUTATIONAL
3.5 BOUNDARY  Please note hat these can be translations of the physical boundary conditions set in the

MODA section 2

CONDITIONS = user case or they can be pure computational. (e.g. a unit cell with mirror b.c. to
simulate an infinite domain).

Please specify pure internal numerical solver details (if applicable), like MODA section 3
ADDITIONAL SOLVER e  Specific tolerances
3.6 R
PARAMETERS e  Cut-offs, convergence criteria

e Integrator options

MODA section 4

Science and

% Technology 11 | 13th Jan uary 2021
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Provenance description of simulation results: OSMO

simulation workflow W

classical mechanical
equations of motion
(atomlsnc mesoSscopic)

linked

O

materials relation:
LJTS potential

continuum
thermodynamics

MD si

with Is1 mardyn

starting
point of C,

linked

mulation

<

L,

continuum fluid
mechanics and
heat transfer

;

\A

starting E i

point of W o
continuum H
thermodynamms ;

starting
point of C,

.
>
o

with FLEXI
w

...........
>

use case:
Riemann problem !

13

DGSEM

simulation
outcome

Ontology for Simulation, Modelllng, and Optimization (OSMO)
J. Chem. Eng. Data 65(3), 1313-1329, 2020

OSMO-based
provenance
description as
an extension of
the MODA
workflow meta-
data standard:

For all
elements of the
graph notation,

there are
corresponding
concepts and
relations from
the ontology
OSMO.

Science and
Technology
Facilities Council
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Provenance description of simulation results: OSMO

EL.1: Ab-initio quantum mechanics ~ EL.4: Charge transport (statistical)

electronic EL.2: Effective Hamiltonian models ~ EL.5: Spin transport (statistical)

EL.3: QM modelling of time-dependent quantities and fields

A.1: Classical DFT (atomistic) A.4: Partition function (atomistic)
A.2: Molecular statics (atomistic) A.5: Atomistic spin models

atomistic

A.3: Equations of motion (atomistic) A.6: Statistical transport (atomistic)

M.1: Classical DFT (mesoscopic) M.4: Partition function (mesoscopic)
mesoscopic M.2: Molecular statics (mesoscopic) M.5: Mesoscopic spin models

M.3: Equations of motion (mesosc.) M.6: Statistical transport (mesosc.)

CO.1: Continuum solid mechanics CO.5: Continuum thermodynamics
C0.2: Continuum fluid mechanics CO.6: Chemical reaction kinetics
CO.3: Heat transfer, thermomechanics CO.7: Electromagnetism
CO.4: Phase field models, DGT CO0.8: Processes and devices

continuum

Ontology for Simulation, Modelling, and Optimization (OSMO)
J. Chem. Eng. Data 65(3), 1313-1329, 2020

Science and
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Provenance description of simulation results: OSMO

{se case_material) MODA 1.2
MODA 1.4
{Gse_case sescription> MODA 1.1
has_use_case_timespan, MODA 1.6

MODA 1.5 MODA 1.3
has_use_case_boundary_condition,

has_use_case_literature .

Please give name andtype of the solver
e.g. Monte Carlo, SPH, FE, ...iterative, multi-grid, adaptive,...

MODA section 1

hasfusefcasefaspect sy
OSMO S G
NA

has_use_case_description,
has_use_case_material,
has_use_case_geometry,

MODA cover
3.1 NUMERICAL SOLVER

Please give the name and if this is your own code, please specify if it can be shared
with an evt link to website/publication.

. If applicable, please give the time step used in the solving operations.
M O DA SeC“ on 2 m od el 3.3 TIME STEP | This is the numerical time step and this is not the same as the time lapse of the case to
be simulated (see 1.4)

PHYsICS
EQUATION, | Computational representation of the physics equation, materials
MATERIAL  relation and material.
COMPUTATIONAL RELATIONS, f :
MATERIAL = There is no need to repeat user case info.

3.4 REPRESENTATION
/ “Computational” means that this only needs to be filled in when
your computational solver represents the material, properties,
V I M M P equation variables, in a specific way.

If applicable.
VIRTUAL MATERIALS COMPUTATIONAL
MARKETPLACE 3.5 BOUNDARY = Please note hat these can be translations of the pl

MODA section 4 ((Pprocessor
OosmMo
CONDITIONS | user case or they can be pure computational. (e.,

simulate an infinite domain).
Please specify pure internal numerical solver det
—l 2 ADDITIONAL SOLVER Specific tolerances
fO m a.I 0 nt0| (0} gy i PARAMETERS ®  Cutoffs, convergence criteria
. ®  Integrator options
(machine processable)

Science and

% Technology 14 | 13th Jan uary 2021
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3.2 SOFTWARE TOOL

MODA section 3

-
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metadata standard
(human processable)
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Materials Modelling Translation Ontology (MMTO)

Input from FORCE (M oJJUEIIltIer: 5]

MMTO
Input from FORCE (@ET3Ls [VES{§F:1Mex: L2

MMTO

EMMC Translation
Case Template
MMTO

translation case

MODA section 1
OSMO

MODA section 2 model
OSMO

MODA section 3

use case

solver

processor MODA cover @
OSMO
M. T. Horsch, S. Chiacchiera, M. A. Seaton, |. T.
Todorov, B. Schembera, P. Klein, N. A. Konchakova,

“Pragmatic interoperability and translation [...],”
Proceedings of DAMDID/RCDL, 2020.

application case

industrial
challenge

2

identification of
data requirements

EMMC Trans-
lators’ Guide

-

modelling and
simulation outcome

B

EMMC Translation
Case Template

r

Science and
Technology
Facilities Council
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“Translation” and the Virtual Materials Marketplace

TRAINING

0/

DATA EXCHANGE,
SOFTWARE & \ e o N
TOOLS M g g

>
v

Researcl§
i
% |

MATERIALS
KNOWLEDGE BASE

SME & Industry

(]
OpentoallUsers& o []
Open APIs m m

\ -

-~
TRANSLATION

() o OPEN SIMULATION
F PLATFORM & HPC

Certified Experts &
Consultants

COLLABORATION

Business &
Software Owners

-

M. T. Horsch, S. Chiacchiera, M. A. Seaton, |. T.
Todorov, B. Schembera, P. Klein, N. A. Konchakova,

industrial
challenge

2

identification of
data requirements

EMMC Trans-
lators’ Guide

-

modelling and
simulation outcome

B

EMMC Translation
Case Template

r

“Pragmatic interoperability and translation [...],” actionable
Proceedings of DAMDID/RCDL, 2020. decision
Science and th %
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Matchmaking: VIMMP translation router

mm_topic_basic (codes 1IXXX and 2XXX): 3100 [
\ S : , 7100 electr
_Basic prerequisites for materials modelling. - 3120 712(t) cr;rfllcsical equati
mm_topic_computational (codes 3XXX): | - 3130’ 7130 hy ' o L2
mm_topi Cc()jmtpuzatlgnal and numerical aspects of materials modelling etc ’ Physical equation EL.2
_topic_data (codes 4XXX): ' sy ot
o Data science and technology aspects. 3200,37222000 atomistic ar_ld mesoscopic
m_topic_materials (codes 5XXX): B 322,27272202gquhat|9ns|A.1 and M.1
- : physical equation A.1

_ Topics_ related to fluid and solid materials.
mm_topic_social (codes 6XXX): — 3225, 7225 physical equation M.1

Social, economic, and community aspects — 3230, 7230 equations A.2 and M
mm_topic_theoretical (codes 7XXX): p| . — elc. ! | ’

oo Tr_leory (non-computational aspects). I — elc.
mm_topic_interdisciplinary (codes 8XXX) 3300, 7300 continu
ic_in : um
mm_topic_side (codes 9XXX): — 3320, 7320 physical equation CO.1

— 3330, 7330 physical equation CO.2

V -eec

Topics from other disciplines.

Speak to our experts at no cost O
Which class
EL.1: Ab-initio quantum mechanics EL.4: Charge transport (statistical)
of model? electronic EL.2: Effective Hamiltonian models ~ EL.5: Spin transport (statistical)
EL.3: QM modelling of time-dependent quantities and fields
S A.1: Classical DFT (atomistic) A.4: Partition function (atomistic)
@ a 3 atomistic ﬂ A.2: Molecular statics (atomistic) A.5: Atomistic spin models
> - ) | A.3: Equations of motion (atomistic)  A.6: Statistical transport (atomistic)
Electroni Atomistic
| M.1: Classical DFT (mesoscopic) M.4: Partition function (mesoscopic)
mesoscopic ;;é%@} M.2: Molecular statics (mesoscopic) ~M.5: Mesoscopic spin models
%39 M.3: Equations of motion (mesosc.) M.6: Statistical transport (mesosc.)
8
Me: . . CO.1: Continuum solid mechanics CO.5: Continuum thermodynamics
soscopic Continuum Pw— . £ . . ! ; R e i
R C0.2: Continuum fluid mechanics CO.6: Chemical reaction kinetics
continuum | @ . | €O.3: Heat transfer, thermomechanics CO.7: Electromagnetism
e ot CO.4: Phase field models, DGT CO.8: Processes and devices

| don't know

Science and
Tochnology 17 | 13" January 2021 %
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Matchmaking: VIMMP translation router

mm_topic_basic (codes 1XXX and 2XXX): 6120 chemical
Basic prerequisites for materials modelling. 6130 petrochemical
mm_topic_computational (codes 3XXX): 6140 transport
Computational and numerical aspects of materials modelling. — 6142 aerospace

mm_topic_data (codes 4XXX):

. — 6144 automotive
Data science and technology aspects.

mm_topic_materials (codes 5XXX): 6150 Ei szé.gﬁnr;gway
Topics related to fluid and solid materials. . . gy
mm _topic_social (codes 6XXX): | under 61XX: industrial 6155 food

Social, economic, and community aspects. | 6160 medicine

mm_topic_theoretical (codes 7XXX): 6165 paper
Theory (non-computational aspects). 6170 eleCtr!Cal
mm_topic_interdisciplinary (codes 8XXX) 6175 machinery
mm_topic_side (codes 9XXX): 6180 metal (basic and fabricated)
Topics from other disciplines. v 6190 special topics
Speak to our experts at no cost D
Speak to our experts at no cost L] Speak to our experts at no cost ]
Which cl . .
tch class Which material class Which business area
of model? K )
are you interested in? are you from?
(® o3

M p Continuum
Science and th %
s i 18 | 13" January 2021 = ViMMp
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Data management on the VIMMP backend

Lifecycle Status ¥~ Add Filter ~

SortBy ~

About 10 result | 5200 fluid

I | 5450 electrolyte

5300 bio

2020/May/04 11:22:43 (+01:00) Translator 5700 polymer, 5400 composite,...

5350 ceramic

2020/May/04 11:25:27 (+01:00) Translator 5200 fluid, 5450 electrolyte, 56...

5400 compaosite

2020/May/04 11:43:13 (+01:00) Translator 5700 polymer, 5200 fluid, 5450...

5500 metal
Gaetano D'Avir.g

2020/May/04 11:33:29 (+01:00) Translator 5200 fluid, 5500 metal, 5650 o...

2020/May/04 11:38:11 (+01:00) Translator

5700 polymer, 5200 fluid, 5450...

@hasDocumentTopic

@hasCitedB... ISBN Text VIMMP Pro...
@hasCitedB... Number of ... Integer VIMMP Pro... +  Property Name @hasDocumentTopic

@hasCitedci... Video durati... Integer VIMMP Pro... Property Type Code List

@hasCitedPr... Number of s... Integer VIMMP Pro... Ereterred| abel Topic (codes)

Definition
@hasCodelist Codelist Codelist pro... Code List Custom Pro...
Path http://purl.vimmp.eu/ontologies/otras

@hasDocu...  Topic (codes) Code List VIMMP Pro... fotras ttl#has_document_topic

@hasExtern... External URL Link VIMMP Pro... Default Group VIMMP Properties

@hasFeature  Feature Code List VIMMP Soft... Information Package Property jic

Science and

Technology 19 | 13th Jan uary 2021
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VIMMP system of marketplace-level domain ontologies

training and topics

materials
modelling
translation

= VIMMP

VIRTUAL MATERIALS
MARKETPLACE

agents and
communication

EVMPO -
fundamental
categories

A
valldatior] and < e
SRl connection to European Materials
the EMMO and Modelling
Ontology

file formats,
computational
and data services

Release at doi;:10.5281/zen0do0.3936795

Ontologies for the Virtual Materials Marketplace
Kl — Kinstliche Intelligenz 34(3), 423-428, 2020

model variables

cience an ==
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https://dx.doi.org/10.5281/zenodo.3936795

Example: Knowledge graph for a molecular model

vov:involves_variable

coordinates of LJ si{e 1: coordinates of LJ s{te 2:
(0,0,-0.48295A) y (0,0,0.48295A) ¢ quadrupole coordinates: ]
(0,0,0)

osmo:logical_array,
vov:relative_position

osmo:logical_array,
vov:relative_position

osmo:logical_array, z

o~ : vov:relative_position
vov:has_lnltlal_pom}

vov:has_final_point | vov:has_final_point | vov:has_final_point CH(1 ) CH(2)
. et R | 11 vov:has_initial_point g 1
viso-am:structureless_object ) — — = — — — — =l—"— — — — = = —="T— — —
t t | MolMod DB

centreof mass A L site 1 L site 2 Y JE— (Molecular Model Database)

viso-am:lj_site, viso-am:lj_site, site Ji0pag————

voviinvolves_ viso-am:charge_

q

object viso-am:mass_site viso-am:mass_site quadrupole_site 008 0 0 | (ORI
0] 11 1 R
- o vov:has_ 1008l Ot
_@@ T 10010011 4 DOI00IERN] 004D
rigid unit with three & . vov:shares_value_with vov:has_electric_ 01000717 (00101 \
interaction sites (and osmo:unique_ g = = osmo:unique_ quadrupole_ 11007000 (Gl COSRRP0 T Q0L0.0 68 0
one centre of mass) elementary, elementary, moment

]
FI0 010070 g1
1

vov:has_ X | iabl ) {
attached_ voviscalar_variable, voviscalar_variable, s 1100101 (0 FEET T L0 0 S
Ve iTable vov:object_mass vov:object_mass v 010010101010

101071701001101011101001
1111001001010117
110078078001111010

01010

vov:shares_value_with

0=23.7504A
osmo:unique_
elementary,
vov:scalar_variable,
vov:length

osmo:logical_array,

vov:tensor_variable,
vov:electric_

quadrupole_moment

osmo:unique_
elementary,

vov:scalar_variable,

vov:length

vov:involves_object

e=59.71Kk, vov:shares_value_with
MolMod DB osmo:unique S
model name C2H2 Il Skl

quadrupole tensor
withQ_=5.73 DA

osmo:unique_

elementary elementary, and all other Q, = 0 http://molmod.boltzmann-zuse.de/
viso-am:two_ vov:scalar_variable, Voviras vov:scalar_variable, . .
overall pair \ _body_potential vov:energy attached, vov:energy pair potentials for

potential Varsabla over 150 molecular fluids

Science and

& Technology 21 | 13th Jan uary 2021
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Example: Knowledge graph for a molecular model

ll@id n .
"@type

"acetylene:RIGID_UNIT",
iotviso-am:rigid_object",

"vov:involves_object": [

{

¥

}
1

"@id": "acetylene:CoOM",
"@type": "viso-am:structureless_object"

{
"@id": "acetylene:SITE_LJ A",

"otype":["viso-am:1lj_site", "viso-am:mass_site"],

"vov:involves: variable!: [

{

"@id": "acetylene:LJ 'A_POS",

"@otype": ["osmo:logical array", "vov:relative_position"],
"vov:has:initial  point":- {"@id": '"acetylene:COM"},
"vov:has_final_ point": {"@id": "acetylene:SITE LJ A"},

Science and
Technology

Facilities Council
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Alignment of domain ontologies with the EMMO*

European Materials and Modelling Ontology* (EMMO)

1) Taxonomy: Conceptual hierarchy (subclass relation) “represents” or “is
. _ _ . _ sign for” will be
2) Semiotics: Representation of physical entities by signs abbreviated by S

3) Mereotopology: Spatiotemporal parthood and connectivity

Peircean semiotics

semiosis

the representation re- fluid acetylene
lation is grounded

in a “real causal
connection” S

S

2CLJQ model simulation result (e.qg.,

(interpretant) vapour pressure)

C. S. Peirce

the semiosis, a process by which a new
representamen, the interpretant, is created

'E. Ghedini, J. Friis, A. Hashibon, G. J. Schmitz, G. Goldbeck, et al., 2020; http://emmc.info/emmo-info/.
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http://emmc.info/emmo-info/

Alignment of domain ontologies with the EMMO*

European Materials and Modelling Ontology* (EMMO)

B ciecrions N
Y * electronic

1) Taxonomy: Conceptual hierarchy (subclass relation)

2) Semiotics: Representation of physical entities by signs

3) Mereotopology: Spatiotemporal parthood and connectivity

space

A

P

“Is proper
part of”

-

P time

'E. Ghedini, J. Friis, A. Hashibon, G. J. Schmitz, G. Goldbeck, et al., 2020; http://emmc.info/emmo-info/.
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http://emmc.info/emmo-info/

Alignment of domain ontologies with the EMMO

physical_
process

Process process

(0) annotation (non-paradigmatic fundamental category), i.e.,

_simulation > — anything in the knowledge graph that is not under (1) — (11)
process_
Materia material (1) assessment, i.e., a proposition on accuracy or
performance or an expression of trust
Ll (2) calendar_event, i.e., a meeting or activity that is

scheduled or can be scheduled; from W3C iCal ontology

(3) communication, i.e., a message or part of a message
(e.g., an attachment) that is communicated

; =e>

paradig‘m@ (4) information_content_entity from the Information Artifact
entity Ontology; e.g., a journal article, a data set, or a graph

A A Y
Physical
A Y

(5) infrastructure, i.e., a digital platform infrastructure, e.qg.,
data access, hardware, or software

(6) interpreter, i.e., an item that can carry out a semiosis, as
formalized by Peirce & the EMMO, creating an interpretant

(7) material, i.e., an amount of substance & part of an object

~[sion [« Property = propery > (8) model, i.e., a representamen that represents an object by
— ~ direct similitude or within a mathematical framework

model
(9) process, i.e., temporal evolution of one or multiple entities

- - Camomio> (10) product, i.e., a good or service that can be traded
S (11) property, i.e., a representamen that is determined as an
EMMO —EY'  eympo (e interpretant by observation, involving a specific observer
Science and /
th /
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Alignment of domain ontologies with the EMMO*

marketplace-level domain
ontology representation

OSMO/MODA
section 1: Use case

osmo:use_case

osmo:has_aspect

OSMO/MODA
aspect 1.2: Material

osmo:section_aspect

osmo:has_aspect
_object_content

evmpo:material

acetylene

IM. T. Horsch, S. Chiacchiera, W. L. Cavalcanti, B. Schembera, Data Technology in Materials Modelling.

intermediate representation using
mereosemiotic chain relations

OSMO/MODA
section 1: Use case

emmo-semiotics:
Sign

viprs:has_symbolic_
part_of_sign

Stop-t

emmo-perceptual:
Symbolic

OSMO/MODA
aspect 1.2: Material

PieS

emmo-physicalistic:
Material

acetylene
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Alignment of domain ontologies with the EMMO*

marketplace-level domain
ontology representation

intermediate representation using
mereosemiotic chain relations

top-level foundational ontology
representation with unfolded chain relations

OSMO/MODA
section 1: Use case

osmo:use_case

osmo:has_aspect

OSMO/MODA
aspect 1.2: Material

osmo:section_aspect

osmo:has_aspect
_object_content

evmpo:material

acetylene

OSMO/MODA
section 1: Use case

emmo-semiotics:
Sign

viprs:has_symbolic_
part_of_sign

Stop-t

emmo-perceptual:
Symbolic

OSMO/MODA
aspect 1.2: Material

PieS

emmo-physicalistic:
Material

acetylene

OSMO/MODA
section 1: Use case

emmo-semiotics:
Sign

OSMO/MODA
aspect 1.2: Material

emmo-perceptual:
Symbolic

detailed representation
of OSMO/MODA
section 1, e.g.,as a

MODA form on paper

emmo-semiotics:
Sign

emmo-semiotics:
Sign

part of the aspect
(textual description) that
represents the material

acetylene

emmo-physicalistic:
Material

IM. T. Horsch, S. Chiacchiera, W. L. Cavalcanti, B. Schembera, Data Technology in Materials Modelling.
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Alignment of domain ontologies with the EMMO

is_sign_for

considers_ ] :
has_model_variable |— application_case has_symbolic_part_of_sign |— describes_process
A A A
has_project_participant ——
A bucg:zlsdsercsa_se has_annotation — describes_product
an A
has_project_coordinator considers_

industrial_case
VIPRS & EMMO1s has_project_step ~ |— Qdel_for
Q i addresses —»‘ has_process_annotation] < has_aspect > A
A

has_translation_step

has_represented_kpi

—J

[has_property_annotat‘ion
A

EVMPO

has_step_ {‘
decision_support

Y
—

occurs_in_bc occurs_in_ic

has_step_content |——

OSMO
= has_case_ has_application_
C> has_step_participant —— decision_support case_aspect
ﬂ <7
MMTO

has_step_coordinator

7 has_bca_ has_bc_ has_ica_ has_ic_ has_tca_ & | hasste=
has_subproject —— | decision_support [ | aspect decision_support aspect decision_support [ 7 | aspect

Y
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VIMMP Primitives (VIPRS) and modal relations*

¢ occ[I]
I | possible_entity |

design pattern —— Cp = @ IS necessary
: 1 : . . )
necessary_entity non_necessary_entity =
modal squares A = | |0 0@ = g@is possible
of opposition occ[X] = X occurs
E | impossible_entity |
for a given R, 0(L R J) 0 ~oeefl) o(oce[1] A ~oce[J])

A

individual_possibility p_loc_and_rnoc

for a given R,
IK,K;: (K, CI) A (K, CJ) A

IKK;: (K, CD A (K; CI) A
0@r,J: K,CI AK,CY ATRD)

O@FrJ: K, CI' AK, CJ A (—occ[I] V occ[J]))

1
1
1
1
1
T
I i ek o

conceptual_possibility conceptual_necessity p_loc_cand_rnoc n_Inoc_cor_roc

for a given R,
IK,K;: (K, CI) A (K,CJ) A
o(vVI,J: (K,CI'AK,CJ) > TR )

3K, Ky (K; CI) A (K, CJI) A
o(VD,J: (K; CT AK; CJ) — (oce[I’'] A —oce[J’]))

_—

n_Ilnoc_or_roc

individual_necessity

for a given R, O(I R J) O(—oce[I] V oce[J])

M. T. Horsch, S. Chiacchiera, W. L. Cavalcanti, B. Schembera, Data Technology in Materials Modelling.
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CECAM school “SWIiMM 2021” supported by VIMMP

Simulation Workflows in Materials Modelling

iMIM 2021 15" — 26" March 2021

Simulation Workflows in

) CECAM HQ
Ecole Polytechnique Fédérale de Lausanne

VIMMP

VIRTUAL MATERIALS https:/lwww.cecam.org/workshop-details/27

MARKETPLACE

z;; CECAIT

- Centre Européen de Calcul Atomique et Moléculaire

1. Salome and YACS: An integration platform for workflows
2. Industral-accuracy data-driven model parameterization

3. Autotuning, load balancing, and task based parallelization
4. Semantic interoperability and ontology-driven technology
5. European Materials and Modelling Ontology

6. The Pyiron IDE for simulation workflows

7. The atomic simulation environment Python library

8. Complex workflows with AiiDA and Materials Cloud
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