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Virtual Materials Marketplace (VIMMP)

B Horizon 2020 project

-

Innovation action, grant agreement no. 760907
= VIMMP
VIRTUAL MATERIALS H2020 (NMBP-25-2017)
http://vimmp.eu/ 4 years project - started on 01.01.2018

To support accelerating innovation in manufacturing industries by using materials
modelling solutions.

From Materials Applying

To Innovation

Modelling

Facilities Council
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Virtual Materials Marketplace (VIMMP)

B Horizon 2020 project

-

Innovation action, grant agreement no. 760907
= VIMMP
VIRTUAL MATERIALS H2020 (NMBP-25-2017)
http://vimmp.eu/ 4 years project - started on 01.01.2018

Marketplaces Can Transform .""-‘o..

Entire Industries -‘3_'.
amazon & a
Eoaing airbnb UBER
Retail Housing Transportation

Marketplace Marketplace Marketplace

Facilities Council
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European digital platforms in materials modelling

open innovation
test beds

European Open
Science Cloud

I

business decision
support systems

repositories and
data infrastructures

coordination and support

‘S NG
— COMMONS

materials modelling
marketplaces

IMMP,, A

VIRTUAL MATERIALS arketPlaCe

MARKETPLACE

open innovation
platforms

open simulation
platforms

i

DOME 4.0 data marketplace

open translation
environments

Funded by the Horizon 2020
Framework Programme of the
European Union
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Technology
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European Materials Modelling Council

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.

Maieiiais muueiiingyg Coulicil

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

ensure conti” _«y. gre—th and susl
all stakeby 42 * ~q modelle
softwary ¢ * wsand

The EM M '8 pratig
digitalii '@ * *
*

i} agily
develop. n %
‘ o So

.

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 [ [ cwaA 17284 -8 @ & | clectronic
Review of Materials Modelling (compendium)
CEN workshop agreement
mesoscopic
continuum
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Knowledge representation in materials modelling

Community-governed development of metadata standards
G s N

ROMM VI MODA | [cwaA17284| | oOntologies -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: MODA

1 AsPECT ofF THE UseR CASE/SYSTEM TO BE SIMULATED

MODA workflow description

Describe the aspects of the user case textually.

No modelling information should appear in this box. This case could alsa be
simulated by other models in a benchmarking operation!
ASPECT OF THE | The information in this chapter can be end-user information, measured data,
USER CASE TO BE  [ibrary data etc. It will appear in the pink circle of your workflow picture.

o SIMULATED  Simulated input which would have been calculated by another model should not

be included (but in chapter 2.4)
~

Also the result of pre-processing necessary fo translate the user case g
specifications fo values for the physics vanables of the entities van be L — |
documented here, L e

12 MaTeriaL  2escribe the chemical composition. ...and the values used for properties and
from which database these are faken. If pre-processing was needed please
specify the methodology.
Size. form. picture of the system (if applicable)

1.3 GEOMETRY
Note that computational choices like simulation boxes are to be documented in
chapter 3.
Duration of the case fo be simulated.

o TIMELAPSE | This is the duration of the situation to be simulated, This is not the same as the _
computational times to be given in chapter 3. MODA section 1
If relevant, please list the conditions to be simulated (if applicable).
These can be boundary. initial and global conditions.

: MODA section 2
MANUFACTURING | E.g. heated walls, external pressures and bending forces, |
15 PROCESS OR | Please note that these might appear as terms in the PE or as boundary
; IN-SERVICE | conditions, and this will be documented in the relevant chapters.
CONDITIONS
Note: These conditions will be expressed in physics relations in MODA section 3
ch 24
Please specify the yalues used for parameters and from which database these
are taken. If pre-processing was needed please specify the methodology,
PUBLICATION ON | Publication documenting the simulation with this single model (if ayailable and i
e THIS DATA | iF not already included in the overall publication). MODA section 4 (processor

Science and

% Technology 8 | 13th October 2020
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Provenance description of simulation results: OSMO

MODA section 1
has_use_case_aspect

-

has_use_case_description,
has_use_case_material,
has_use_case_geometry,
has_use_case_timespan,

has_use_case_boundary_condition,

has_use_case_literature

OSMO

“sections”

OSMO
“graphs”
o

MODA section 1

MODA section 2

MODA section 3

MODA section 4

=

processor

6 DF NORMALISATION

Ontology for Simulation, Modelling, and Optimization

J. Chem. Eng. Data 65(3), 1313-1329, 2020

£
<}
<

‘aspects”

EUROPEAN COMMITTE FOR STANOARDIZATION
Cour 4

4
1

MODA 1.2

use_case_material

MODA 1.4

S8

4 use_case_geometry

MODA 1.3

MODA 1.1

use_case_boundary_condition <]
MODA 1.5

1 AsPECT oF THE User CASE/SYSTEM TO BE SIMULATED

N

Describe the aspects of the user case textually.

No modelling information should appear in this box. This case could also be
simulated by pther models in a benchmarking operation!
ASPECT OF THE | The information in this chapter can be end-user infomation, measured data,
11 | UsERCaseToBe ibrary dafa efc. It will appear in the pink circle of your workflow picture,
g SIMULATED

be included (but in chapter 2.4)

Also the result of pre-processing necessary fo franslate the user case
specifications fo values for the physics variables ities van be
documented here.

from which database these are taken. If pre-processing was needed please
specily the methodology;

12 MATERIAL

size. form. picture of the system (if applicable)

1.3 GEOMETRY
Note that computations! choices like simulation boxes are to be documented in
chapter 3.

Duration of the case fo be simulated.

1.4 TIME LAPSE

computational times to be given in chapter 5.

if relevant. please list the conditions to be simul
These can be boundary. initial and global condg

MANUFACTURING | E.g. heated walls. external pressures and bey

15 PROCESS OR = Please note that these might appear as ter
i IN-SERVICE | conditions, and this will be documented in
CONDITIONS
Le | PuBLICATIONON Publication documenting the simulation with this

THIS DATA

if nof already included in the overall publication).

Science and
Technology 9 |
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)

atomistic A.2: Molecular statics (atomistic) A.5: Atomistic spin models

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
CO0.2: 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
J. Chem. Eng. Data 65(3), 1313-1329, 2020

Science and
Technology - 10 | 13" October 2020 % I
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Provenance description of simulation results: OSMO

simulation workflow W

classical mechanical
equations of motion
(atomlsnc mesoSscopic)

linked linked

O

materials relation:
LJTS potential

continuum
thermodynamics

MD simulation
with Is1 mardyn

starting
point of C,

<

use case: :
Riemann problem !

13

le : L :
continuum fluid A "
mechanics and P o _ > P
heat transfer - i

] DGSEM P

Y

P with FLEXI i

I w 8 Ll I H

E H starting E H

starting 1 1 pointofC, I

point of W HE - - E E
continuum H H
thermodynamms ; ;

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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Community-governed top-level interoperability layer

Relations covered by the European Materials and Modelling Ontology* (EMMO)
1) Taxonomy: Conceptual hierarchy (subclass relation) m

2) Semiotics: Representation of physical entities by signs 22 * electronic

“,

3) Mereotopology: Spatiotemporal parthood and connectivity

Peircean semiotics

semiosis

the representation re-

(object) lation is grounded
o o . in a “real c.au5al
& %/‘ connection
<
S &
§ %
& &

~

S S
(sign) (interpretant)

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/.

cience an /
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http://emmc.info/emmo-info/

System of marketplace-level domain ontologies

training and topics

materials
modelling
translation

agents and
communication

= VIMMP

VIRTUAL MATERIALS
MARKETPLACE

EVMPO -
fundamental
categories

7>
Va|ldat‘IOI:I and < e
SR connection to European Materials
the EMMO and Modelling
Ontology

file formats,
computational
and data services

Release: https://vimmp.eu/?p=349

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

model variables

cience an /
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Translation in materials modelling

Task: Facilitate the
translation of industrial
R&D challenges Into
solutions using scala-
ble and quantitatively
reliable materials mo-
delling and simulation.

industrial
challenge

.

2

identification of
data requirements

—

modelling and

. simulation outcome

r

Science and
Technology
Facilities Council

14

actionable
decision
/
13" October 2020 §WMMP
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Translation in materials modelling

industrial
challenge

TRAINING

(]
Opentoall Users& ¢ [ ]
o TH & / e

SME & Industry

2

COLLABORATION identification of

DATA EXCHANGE, & ﬂ (‘
sorTwate ) m @ data requirements

modelling and

Research g Software Owners
ﬁ) \ﬁA\]\ISLAﬂOqN ﬁ! simulation outcome
I ‘;
e
e |
MATERIALS OPEN SIMULATION

(]
KNOWLEDGE BASE F PLATFORM & HPC

Certified Experts &

Eoian actionable
decision

: —

Academia &

cience an /
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Ontologization of EMMC metadata standards

{ise case material) MODA 1.2
MODA 1.4

MODA 1.1
use_case_boundary_condition <]

MODA 1.5 MODA 1.3

1 AsPECT oF THE User CASE/SYSTEM TO BE SIMULATED

MODA section 1

has_use_case_aspect
h

as_use_case_description,
has_use_case_material,
has_use_case_geometry,
has_use_case_timespan, MODA 1.6

has_use_case_boundary_condition,
has_use_case_literature

£
<}
<

AV

Describe the aspects of the user case textually.

No modelling information should appear in this box. This case could also be

simulated by other models in a benchmarking operation!
. ASPECT OF THE | The [nformation in this chapter can be end-user infomation. measured
MODA section 1 1, | UsencaseToee i [ appear in the pink circle of your workflow picture.
3 smuLaTeD | Simulated input which would have been calculated by another model should not
OSMO be included (but in chapter 2.4)
Also the result of pre-processing necessary lo translate the user case
specifications to values for the physics variables of the enfities van be
documented here.
MODA section 2 model

MODA section 3

from which database these are taken. If pre-processing was needed please
specily the methodology;

12 MATERIAL

OsmMo size. form. picture of the system (if applicable)
1.3 GEOMETRY
Note that computational choices like simulation boxes are to be documented in

chapter 3.
/ Duration of the case to be simulated.
14 TIME LAPSE

/VI M M P computational fimes to be given in chapter 5.

If relevant, please list the canditions to be simulated (if applicable).
VIRTUAL MATERIALS These can be boundary. initial and global conditions.
MARKETPLACE

=
:
>
D
=
o
1=
S
2
=3
o
<y
&
;
=
=]
=1
=4
o
o
0
3
=
-
§
5
3
=]
=
=3
ol
:
:
3
)
i
=3
)

MANUFACTURING | E.g. heated walls. external pressures and bending forces, |

MODA section 4 ((Pprocessor
OSMO
PROCESS OR | Please note that these might appear as terms in the PE or as boundary

IN-SERVICE  conditions. and this will be documented in the relevant chapters.
CONDITIONS

Note: These conditions will be expressed in physics relations in

Ch 24

Please specify the values used for parameters and from which database these

e formal ontology sre taken: i pre-procesgig was peedad please spedily the mathodology,
. 16 PUBLICATION ON | Publication documenting the simulation with this single model (if available and
(machlne processable) ’ THIS DATA  if nof aiready included in the overall publication).

cience an /
iaialy 6 | 13" October 2020 %VIMMP
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business_decision_support_system
has_aspect_object_content

bca_decision_support

has_bc_aspect

business_case

/ industrial_decision_support_system
has_aspect_object_content

\ca_demsion_support)
ic_aspect )

1 has_ic_aspect
I industrial_case >

translation_decision_support_system’
has_aspect_object_content

tca_decision_support

Materials Modelling Translation Ontology

FERCE

osmo

LSOl business case

has_represented_kpi

Input from FORCE (@ETLs[VE{FE1 R T application case

EMMC translation
case template

kpi_model

translation case

has_tc_aspect

has_model_variable translation_case

MODA section 1 use case
OSMO

MODA section 2 model
OSMO

MODA'

section 1
and text fields N\c---- -

OoSsMo

logical_variable

application_decision_support_system } { use_case_decision_support_system
[ A
has_aspect_object_content — has_aspect_object_content
application_case_decision_support| Use_case_decision_support /
. 1 L
M O DA se Ctl on 3 s o Ive r _case_aspect use_case_aspect

has_application_case_aspect has_use_case_aspect
optimization_objective r T T N L
1 _case | use_case }
has_objective t
decision_support_system
VIMMP o IO

MODA section 4 processor {10DA
OsSMO
g

X rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
has_aspect has_solver_aspect SZIC(;E:S
section B e — and text fields
3 formal ontology = " @ v
(machine processable) has.processor_aspect fuopA\
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, and o felds
Science and /
% Technology 7 | 13th October 2020
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has_model_aspect section 2

materials_model - and text fields

semi-formalized
metadata standard
(human processable)
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Materials Modelling Translation Ontology

— SR T
T e
. @»c\aﬁmn_daclsnon_supﬂf;_zstem)

th_a:fif:ision_s?egg/ )

eiecision_suppcrt_sys—t;D -
» Sysem

';jca_ex pected_outc ome |

application_case_decision_support]

infrastructure

VIRTUAL MATE RIALS — -

from EMMC
Translation

——= | Case Temp-
_Gawnd | |ate (ETCT)

tca_pe_type::-

= o

is-a o is-a
P — —
section_entity A= application_case_entity b
gz e i
g AV
rocess
Is-a

@ﬁetplace_related_entiw

i
Is- e
workflow_entity
is o —
is
a

( translation_case )

| : from EMMC
Translators

project_step

iy

e
""E

B

translation_step_execution G u i d e (ET G)

EMMC Translators’ Guide @

https://emmc.info/translators-guide-2/ —
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VIMMP ontology-based translation router

mm_topic_basic (codes 1XXX and 2XXX):

Basic prerequisites for materials modelling.

mm_topic_computational (codes 3XXX):

Computational and numerical aspects of materials modelling.

mm_topic_data (codes 4XXX):

Data science and technology aspects.

mm_topic_materials (codes 5XXX):

Topics related to fluid and solid materials.

mm_topic_social (codes 6XXX):

Social, economic, and community aspects.

mm_topic_theoretical (codes 7XXX):

Theory (non-computational aspects).

mm_topic_interdisciplinary (codes 8XXX)
mm_topic_side (codes 9XXX):
Topics from other disciplines.

Speak to our experts at no cost D
Which class
of model?
19}
9
B J Y
Electroni Atomistic
%‘,9
8
M pi Continuum

| don't know

|_

3100, 7100 electronic
— 3120, 7120 physical equation EL.1
— 3130, 7130 physical equation EL.2
— eftc.
3200, 7200 atomistic and mesoscopic
— 3220, 7220 equations A.1 and M.1
— 3222, 7222 physical equation A.1
— 3225, 7225 physical equation M.1
— 3230, 7230 equations A.2 and M.2
— eftc.
— eftc.
3300, 7300 continuum
— 3320, 7320 physical equation CO.1
— 3330, 7330 physical equation CO.2
— eftc.

electronic

atomistic

mesoscopic

continuum

EL.1: Ab-initio quantum mechanics EL.4: Charge transport (statistical)
EL.2: Effective Hamiltonian models ~ EL.5: Spin transport (statistical)
EL.3: OM 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
A.3: Equations of motion (atomistic) ~ A.6: Statistical transport (atomistic)

M.1: Classical DFT (mesoscopic) M.4: Partition function (mesoscopic)

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

CO.1: Continuum solid mechanics C0.5: Continuum thermodynarnics
€0.2: Continuum fluid mechanics CO.6: Chemical reaction kinetics
CO.3: Heat transfer, thermomechanics CO.7: Electromagnetism )

CO.4: Phase field models, DGT CO.8: Processes and devices

v/ L
%ﬁ'”gﬁ? M.2: Molecular statics (mesoscopic) M.5: Mesoscopic spin models

Science and
Technology
Facilities Council
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VIMMP ontology-based translation router

mm_topic_basic (codes 1XXX and 2XXX):

Basic prerequisites for materials modelling.
mm_topic_computational (codes 3XXX):

Computational and numerical aspects of materials modelling.
mm_topic_data (codes 4XXX):

Data science and technology aspects.
mm_topic_materials (codes 5XXX):

Topics related to fluid and solid materials. . .
mm_topic_social (codes 6XXX): |_under 61XX: industrial

Social, economic, and community aspects. |
mm_topic_theoretical (codes 7XXX):

Theory (non-computational aspects).
mm_topic_interdisciplinary (codes 8XXX)
mm_topic_side (codes 9XXX):

Topics from other disciplines.

Speak to our experts at no cost D
Speak to our experts at no cost L]
Which class . .
- Which business area
of model?
are you from?
19}
® a3

Mesoscopic Continuum .
Continue

1 don't know

6120 chemical
6130 petrochemical
6140 transport
— 6142 aerospace
— 6144 automotive
— 6148 railway
6150 biotechnology
6155 food
6160 medicine
6165 paper
6170 electrical
6175 machinery
6180 metal (basic and fabricated)
6190 special topics

Science and

Technology 20 | 13th October 2020
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VIMMP ontology-based translation router

mm_topic_basic (codes 1XXX and 2XXX):

Basic prerequisites for materials modelling.
mm_topic_computational (codes 3XXX):

Computational and numerical aspects of materials modelling.
mm_topic_data (codes 4XXX):

Data science and technology aspects.
mm_topic_materials (codes 5XXX):

Topics related to fluid and solid materials. I
mm_topic_social (codes 6XXX):

Social, economic, and community aspects.
mm_topic_theoretical (codes 7XXX):

Theory (non-computational aspects).
mm_topic_interdisciplinary (codes 8XXX)
mm_topic_side (codes 9XXX):

Topics from other disciplines.

Speak to our experts at no cost [ ]

Speak to our experts at no cost N

Which class

of model? Which business area

are you from?

Mesoscopic Continuum )
Continue

I don't know

5100 general

5200 fluid

5300 bhio

5350 ceramic
5400 composite
5450 electrolyte
5500 metal

5550 mineral

5600 nano

5650 organic

5700 polymer
5750 semiconductor
5800 ultracold
5850 unstable
5900 special topics

Speak to our experts at no cost L]

Which material class
are you interested in?

Polymer Other

Ceramic

Science and

Technology 21 | 13th October 2020
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Data management on the VIMMP back end

Lifecycle Status ¥~ Expertise in the Materials T ~ Add Filter ~

SortBy ~

About 10 results | 5200 fluid 0

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

Jan-Willem Handgraaf 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... Erstemed Label Topic (codes)
Definition
@hasCodelist Codelist Codelist pro... Code List Custom Pro...
Path hetp://purl.vimmp.eu/ontologies/otras
@hasDocu...  Topic (codes) Code List VIMMP Pro... fotras ttli#has_document_topic

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

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

Science and
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the delivery of this document or the disclosure of its content. Reproduction or circulation of
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Virtual Materials
Marketplace (VIMMP)

H2020 GA no. 760907

= VIMMP

VIRTUAL MATERIALS
MARKETPLACE

http://vimmp.eu/

©2020 all rights reserved.

Science and
Technology
Facilities Council

=
(M. T. Horsch, S. Chiacchiera, M. A. Seaton, |. T. Todorov) %

AAAAAAAAAAAAAAAA
nnnnnnnnnnn


http://vimmp.eu/
http://emmc.info/
http://www.the-force-project.eu/

