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European ICME communities & communication channels

10/2013 — 09/2016 ICME(g project (Coordination Support Action CSA)

01/2014 — 12/2016 EU Multiscale Modelling Cluster (,,5 projects®)

11/2014 — now European Materials Modelling Council EMMC (bottom up activity)
11/2015 — future International Materials Modelling Board IM2B

09/2016 — future EMMC- CSA (proposal approved)

01/2016 — future several proposals submitted for research activities

7' Framework Program (2007-2013), Horizon 2020 Program (2014-2020)

plus national and multilateral projects within the different European Countries

Iﬁi page 5




European ICME communities & communication channels

10/2013 — 09/2016 ICME(g project (Coordination Support Action CSA)
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«*“*+ The European Materials Modeling Council

* EMMC *
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2012 Movie Pictures Expert Group

ICME( - the Integrated Computational Materials Engineering expert group - a
new European coordination action

Integrating Materials and Manufacturing Innovation 2014, 3.2 doi:10.1186/2193-8772-3-2

Georg J Schmitz (G J.Schmitz@access rwth-aachen de)
Ulrich Prahl (Ulrich. Prahl@iehk.rwth-aachen.de)

www.icmeg.eu
www.icmed.info



Expected outputs:

A) 2 International Workshops with minimum2100 participants each

B) 2 books ( e.g. Wiley) on:
« Handbook of software solutions for ICME
e Software standards for successful ICME"

C) Specifications of standards for information exchange in ICME settings

D) Foundation of an Association of Software providers for ICME
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ICMEg e.V. founded on June 24 2014 in Rolduc

~

Laurent /} /{ |

Pavel Korzhavyi Adam ¥ .

Ulrich Prahl
KTH Stockholm Andreas
( ) I (e-xstream) - (RWTH Aachen)
Borek Patzak John Agren _— (K&S) secretary
(CTU Prague) (KTH = treasurer - '.

-

— Georg J. _I (M2i)

Stockholm) -
' | . Albert Konter
Anders

Engstrom ail;;ngéz) vice-president
Th -Cal .
(Thermo-Calc ) president

vice-president
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1st ICMEg workshop in June 2014

m > 160 participants

| 58 i o = B LT

e i ¢~ m 24 countries
m 1st i rn.atlonal Wod(shop on Software Solutions for Integrated CompulattonaIMaisnals Englneenng
Lo | RolducAbbey 24“1“27!h June 2014

m 4 continents

B Abstract booklet
available under

pdf‘s of authors
presentations also
under

m Next workshop :

April 2016 Barcelona
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http://www.icmeg.info/
http://www.icmeg.info/

2"d ICMEg workshop in April 2016 in Barcelona

> 110 participants
24 countries, 5 continents

Germany (29)

USA (16)

Spain (14)

Japan (11)

UK (6)

40% academia

13 software companies

9 manufacturing industry

several governmental
Institutions

ﬁ page 11




Preliminary assessment of the workshop

B a community working on different aspects of interoperability is clearly
emerging

m US is strong in the “big data” type approach: collecting and curing of data,
generation of data and metadata schemes, maintenance of repositories etc.

®m EU is strong in interoperability aspects of different simulation tools (e.g.
CUDS,CUBA, metadata keywords,HDF5..). Presented approaches got
positive feedback

®m Japan in few areas is strong in first applications for complex materials and
processes.

B Next related event: 4" ICME World Congress in the Ypsilanti (MI) in May 2017

WA AT PG JOIN ME IN SUBMITTING AN ABSTRACT = DEADLINETO SUBMIT: SEPTEMBER 30, 2016

d4th World Congress on Integrated Computational Materials Engineering (ICME 2017)
May 21-25, 2017 » Marriott Ann Arbor Ypsilant at Eagle Crest = Ypsilanti, Michigan, USA




Handbook of Software Solutions for ICME

Edited by Georg J. Schmitz and Ulrich Prahl

Handbook of
Software Solutions
for ICME

In production: tentative release Sept/Oct 2016

93 authors

14 countries

~ 600 pages

~ hundreds of codes (thematically structured)

Introductions to different topics:

- Electronic, atomistic, mesocopic models

- Continuum models (Phase-field, Phase-field Crystal,
Crystal plasticity, Cellular Automata)

- Thermodynamics

- Effective properties (mean field, homogenisaton, virtual
testing)

- Numerical methods
- Process simulations (from casting to recycling)

- Simulation platforms
ﬁ page 13



remaining outputs:

e Software standards for successful ICME"

C) Specifications of standards for information exchange in ICME settings

ﬁ page 14



European ICME communities & communication channels

01/2014 — 12/2016 EU Multiscale Modelling Cluster (,,5 projects®)
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«*“*+ The European Materials Modeling Council

* EMMC *

*+ .+ current EU projects on interoperability/platforms

Decpen

4 MMP

MoDeNa
e
6.,.4-

NanoSim

&
SimPhoNy

René Martins, Anne de Baas,

Sophia Fantechi (POs) 5 + 1 L
1)

Gerhard Goldbeck (PTA)

Integrated Computational Materials Engineering expert group 3 - —,_
www.icmeg.eu/ I

From atom-to-Device Explicit simulation Environment for Photonics and Electronics
Nanostructures http:/mww.nmp-deepen.eu/

Multiscale Modelling Platform: Smart design of nano-enabled products in green
technologies http://www.mmp-project.eu/

Modelling of morphology Development of micro- and Nanostructures
http://modena.units.it/

A Multi-scale Simulation-Based Design Platform for Cost-Effective CO2 Capture Processes
using Nano-Structured Materials  http://www.sintef.no/Projectweb/NanoSim/

Simulation framework for multi-scale phenomena in micro- and nanosystems
http://www.simphony-project.eu/



http://www.simphony-project.eu/
http://www.simphony-project.eu/
http://www.simphony-project.eu/
http://www.simphony-project.eu/
http://www.simphony-project.eu/

European ICME communities & communication channels

11/2014 — now European Materials Modelling Council EMMC (bottom up activity)

IE page 17




«*“*+ The European Materials Modeling Council

* EMMC *

*« .+ Kick-off 11/2014, Brussels




European Materials Modelling Council www.emmc.info

*

7%, S European Materials Modeling Council

* EMMC *

* *
L EMMC Working Groups Evenis About Contact Organisation

EMMC.:
The European Materials Modeling Council

The European materials modelling council (EMMC) is a community driven bottom-up action to connect all
existing material modelling activities in Europe.

The EMMC aims to facilitate a border-free information exchange and foster new collaborations among all stakeholders in Europe
including

« Scientists and engineers

+ Physicists, chemists and biologists

+ Academy and industry

« Hard and soft materials

+ Open source and proprietary software,

« Electronic, atomistic, mesoscopic and continuum Models etc.

EMMC objectives

page 19




«*“*+ The European Materials Modeling Council

* EMMC *

* .+ EMMC Working groups

1. Business Decision Support
Z. Continuum Models
3. Discrete Models (including Electronic Models, Atomistic

5. Opemsmmauon Platform Concept
6. Matenals Model Marketplace

f. Manufacturers

8. Software Owner

9. Translator

0. Validation



Structure of the presentation

Towards an ICME methodology:
Current activities in Europe

Overview of European communities being active in the field
* politics
e communication channels
e organisatorial

Overview of current scientific/technological activities

 Focus on Interoperability
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Plugs and sockets for plug & play: benefits of standardization

Have you ever tried
to get

that one

into

that one?




Scope:

Improve interoperability between the heterogeneous variety of
commercial and academic modeling tools

Communication Standards
will be based on existing standards and solutions to the largest possible extend

will allow sequential i.e. file based interoperabili
= Generic and structured W.f metadata keywords
= Qverall data structure for file basea-rforaton exchange



«*“*+ The European Materials Modeling Council

* EMMC *

* *

«,+« Highest level metatdata for materials modelling

Three chapters

Chapter 1: Model .

Chapter 2: System to be simulated

Chapter 3: Computational . O

Metadata are essential prerequisites to
describe models and simulations

interoperability of models (multi-scaling) and
databases.

slides with courtesy of Pietro Asinari
Polytechnico di Torino



«*“*+ The European Materials Modeling Council

* EMMC *

*« .+ Models

Chapter 1 Model .

1.1. entity: finite volumes, grains, atoms, electrons
1.2. physics/chemistry equation and its physics
guantities

materials relation (closure/constitutive equation) and its
physics quantities/descriptors

1.3 Publication documenting the model

slides with courtesy of Pietro Asinari
Polytechnico di Torino



«*“*+ The European Materials Modeling Council

* EMMC *
* *

« .+ Model classes: e/a/m/c

Classification via the entity whose behaviour is described by the physics
equation

1. electrons,

2. atoms,

3. nanoparticles/beads/grains

4. continuum finite volumes/elements

‘ A new way of building an overview of materials models.

Models are strictly classified according to the entity whose behaviour is
described by the physics equation in the model

not according to the size of the application or system
nor according to the lengthscale of the phenomena to be simulated

slides with courtesy of Pietro Asinari, Polytechnico di Torino



«*“*+ The European Materials Modeling Council

* EMMC *

* *

« .+ Physics equations and Materials relations

Materials Models consist of Governing Equations

» Physics or chemistry Equations (PE)

Generic equations describing the behaviour of electrons, atoms, particles or finite
volumes (the model entities).

Underdetermined equations

» Materials Relations (closure relations, constitutive equations) (MR)
Specifications of the specific material necessary to close the PE
Note the difference with coupled equations!

Governing Equations= Physics Equation with Materials Relation

slides with courtesy of Pietro Asinari, Polytechnico di Torino



«*“*+ The European Materials Modeling Council

* EMMC *

*«,+ Model classes

1.1 Ab initio quantum mechanical (or first principle) models
1.2 Many-body models and effective Hamiltonians

1.3 Quantum mechanical in response to time dependent fields
1.4 Statistical charge transport model

2.1 Classical (Dynamic) Density Functional Theory

2.2 Molecular Mechanics

2.3 Statistical mechanics models: Molecular Dynamics

2.4 Statistical mechanics models: Monte Carlo molecular models
2.5 Atomistic spin models

2.6 Statistical atomistic models

2.7 Atomistic phonon models (Boltzmann Transport Equation)

From ,Review of Materials Modelling V* ,
eds. A.de Baas and L.Rosso European Commission 2015



«*“*+ The European Materials Modeling Council

* EMMC *

* *

« % Model classes Il

3.1 Mesoscopic (Dynamic) Density Functional Theory

3.2 Coarse Grained Molecular Dynamics

3.3 Discrete lattice dynamics model

3.4 Statistical Mechanics mesoscopic models

3.5 Micromagnetism model

3.6 Mesoscopic phonon models ((Boltzmann Transport Equation)

4.1 Solid Mechanics

4.2 Fluid Mechanics

4.3 Heat flow and thermo-mechanics

4.4 Continuum Thermodynamics and continuum Phase Field models
4.5 Chemistry reaction (kinetic) models (continuum)

4.6 Electromagnetism (including optics, magnetics, electrical)

4.7 Process and device modelling

From ,Review of Materials Modelling V*,
eds. A.de Baas and L.Rosso European Commission 2015



«*“*+ The European Materials Modeling Council

* EMMC *

* *

«,« Metadata materials model(s) : example continuum

‘ “Generic physics of the model equation(s)”: examples for continuum equations

Diffusion: Ry, Z y D ve

e.g. Fick-Onsager @« o

FluidFlow: 0 1 ~ 0P i+ . B Vo

e.g. Navier-Stokes E[pvmix]+v°|:¢Tl mix mlx:| ¢I|:VpL Ccllq +V- [HVlex] h U| ¢| S |V¢I|

PhaseEquilibria: AG(ci, T, p) =0

e.g. Thermodynamic models

H "
PhaseTransformations: .;5&,,,:2 e {a;ﬁ (qﬁm?lgﬂ'ﬁ 6,V ¢, +— [.;s —6,) + ZJ@F]+£ /6.6, AG,,
e.g. Phase-Field models, o 2’-’;6 a= =y s

Phase-Field-Crystal models =
g Y =1y + Z A; exp(ik; - ¥) + complex conjugate

Elasticity:

e.g. mechanical equilibrium 0=Vo = Z V¢ C (g et e"T-T,) )
Plasticity:

forming models,

e.g. Crystal Plasticity £ = M sym V



«*“*+ The European Materials Modeling Council

* EMMC *

* *
* 4 *

Ontology for models
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slide with courtesy of Heinz Preisig, University Trondheim, Norway




«*“*+ The European Materials Modeling Council

* EMMC *

* *
* 4 *

Chapter 2 System to be simulated O

2.1 Material properties, behaviour and/or material
manufacturing brocesses
2.2.51ze, form, geometry, picture of the system and

2.3 Other physics metadata for system
2.4 Publication documenting the simulated case|

slides with courtesy of Pietro Asinari, Polytechnico di Torino




«*“*+ The European Materials Modeling Council

* EMMC *

*+« .+ getting the initial conditions: example microstructure

preceeding simulation

O SD

System Description

digital experimental data
e.g. CT scans, SEM/EDX,LOM,

EBSD stacks outer geometry of the system

material composition

initial state, (time lapse)*

boundary conditions/process condition
*not addressed yet

experimental data
e.g. images

SUIGEIANIVESIVEVCERE The following slides only address
e.g. voronol tesselation metadata keywords to describe a

designed structures, assumptions ) i
static microstructure

microstructure database

Adding any dynamics will happen in future
steps/activities




«*“*+ The European Materials Modeling Council

* EMMC *

*

«.x  Huge variety of existing codes ‘
.'la Innovative Research, Inc. A AUTODESK FLOW - \:\ \\66 )

ﬂ A Computational Fluid Dynamics Company

. GG
P
T_Eﬁ’ﬁgﬂ!qc
- o .\
PinCast ¢

«rishte /A\Thermo-Calc
Al Software  FLOW @ CAST g

only common denominator:
MATERIAL

Wla‘m gm'MJune 2016, Stockholm, Swedel
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«*“*+ The European Materials Modeling Council

* EMMC *
* *

«,+ What is a material in terms of keywords?
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«*“*+ The European Materials Modeling Council

* EMMC *

* *

«,+ How to describe arranged?

» Atoms may ,self arrange” (see also e/a/m models) and form
objects/features and ensembles of objects/features e.g.

— molecules, particles, precipitates, crystals/grains
— different phases/crystal structures

— defect structures....and eventually

— multiphase, polycrystalline materials

RVE Ensemble(s) Feature(s) Fields

effective material e.g.phases e.g. grains e.g. concentration

» Materials reveal an inherent hierarchical structure!




«*“*+ The European Materials Modeling Council
.

*+ .+ Canonical keywords (Volumetric)

Phase/ensemble Field at Cell

NumberChemical NumberChemical NumberChemical NumberChemical
Elements Elements Elements Elements
NumberAtoms NumberAtoms NumberAtoms NumberAtoms
NumberPhases
PhaselD PhaselD

NumberFeatures NumberFeatures

FeaturelD FeaturelD
NumberDefects NumberDefects NumberDefects NumberDefects
Composition Composition Composition Composition
Volume Volume Volume Volume
Centroid Centroid Centroid Centroid
Orientation Orientation Orientation Orientation

Crystallinity Crystallinity Crystallinity Crystallinity



«*“*+ The European Materials Modeling Council

«,+ Mmetadata description of a static microstructure

Science and Technology of Advanced Materials

ISSM: 1468-6996 (Print) 1878-5514 (Online) Journal homepage: http://www.tandfonline.com/loi/tsta20

Towards a Metadata Scheme for the Description of
Materials - the Description of Microstructures -

> Georg J. Schmitz, Bernd Bottger, Markus Apel, Janin Eiken, Gottfried Laschet,
Ralph Altenfeld, Ralf Berger, Guillaume Boussinot & Alexandre Viardin

» The proposed metadata keyword structure may even be applicable to e/a/m models
— to be verified....



«*“*+ The European Materials Modeling Council

* EMMC *

* *

«,» Towards a data structure for file based communi

Possible approach
currently being investigated:

.etadata
, keywords

245 16

R / f 2

- . PN PR AV S / / =
WLLL . 06\‘\0 e < - = 208 1a

ﬁ J \)b\\ \X\ KO P 8 surfaceVoxels / gg? 3

) B niMENSIONS
Cell Dat> Q

bed : 252 |3
. \(\g P o () EDGE_DATA : 253 |
2

. 254
100,000 1,00 \6 ) L o Z-Tim:;if:ls : 258 13 |
—_— ry: uctu : 256 8 |
(0 B NumFields 257017
S ’ ) : 258 |9
- o 8 PhaseTypes 2507110
0( ’ je &R shapeTypes 260 10
o € Statistics : ST 14
: 262 |5
i1s) @ FACE_DATA 263 |6
N ¢ @ FIELD_DATA 264 |10
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Ensemble Data B Active 1
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. . (100s-1,000s of Fields) R Eulerangles : §§'§ 3?
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«*“*+ The European Materials Modeling Council

* EMMC *

*+.« © © HDF5 and gravitational waves © ©

GRAVITATIONAL-WAVE DETECTOR DATA

I SC LIGOD tors that were used for our GRB051103 analysis is provided here
Scientific : - :
Collaboration nalysis. Any publication making use of such data should properly
We request that anyone interested in publishing anything using

Mt datainfo@ligo.org.
ion of this data requires careful consideration of the detector

RN nary — as well as the response of the detectors, which depends
¥ ontent of the mcnmmg gramtatmnal wave.

News Magazine Advanced LIGO LIGO science Educational resources

E estimated at 25% for both HZ2 and L1 data, in
side this hand} This 1s 5igr1iﬁ+:ar1’[l1.,.r Iargerthan

Gravitational Waves Detected WCeaibration of the LIGO Gravitational War
100 Years After Elnsteln S Predlctlon l

£ (] idman

Length scales from light-years down to atto-meters
Time scales from billions of years to microseconds



«*“*+ The European Materials Modeling Council

* EMMC *

* *

«,+ Next steps: keywords for properties

Done: still to be done;

DS: ABCMesh || DS:ABC: 2DMesh
name, description, || name, description,
CUBAtype CUBAtype
Cell Face
UuliD, UuID,
DataContainer DataContainer
Feature FaceFeature
UulID, UulID,
DataContainer DataContaine

Phase interface
UuID uuID
DataContainer DataContainer
RVE Surface/Boundary
UuID UuID
DataContai ataContainer

for free use...

K= = = = = =



«*“*+ The European Materials Modeling Council

* EMMC *
*

X 4 % first example: keywords for mechanical properties

An HDFS5 file generated based on keywords from Abaqus-Python, showing Material
Elasticity, Plasticity and Expansion, tables.

[5] mat hafs N B etasticity at MaterialMechanicalElasticr m.. @ [ Jf B expansion at Materiaittechan.. B | BB hardening at Materialivechanical/Plasti! [.. B
¢ @ Material ; Tahle Tabla
¢ @ Mechanical i — N-has
o @ Elastic i I . . . 1 1
@ elasticity | e ElaStlcltY table B EXpan81OH table - Pla’Sthlty table
. : 0 1 0 1 2
t @ Expansion ;g 335000 oofiies  |mo | |[oedizme oo 10
) expansion 8925010 q 117E-5 1000 1 19278.0 0.25 200
Plast : 85000.0 7 |11BE-5 2000 2 1530 0.0 100.0
i : 782000 3 |122E5 3000 3 |1er4eTs 025 100.0
ﬁ hardening BRI00 0 4 1 79E-5 4000 4 1530 [IR1} 200.0
§ 510000 5 1.37E-5 a00.0 = i 182155 0.25 200.0
40800.0 B |136E5  [a000 i [1792 0.0 300.0
40800.0 7 |138E5  [rood P 171282 025 300.0
0o ] ] a [il] [il] g 1149.0 0o 400.0
00 _ _ T T 0.0 | | 0 96815 0.25 400.0
0.0 . . 10 Joo 0.0 07 jes. 0.0 5000
0o ] ] 11 i 0o 11 1597.5 0.25 500.0
0 i i 12 0o 0o 12 fif.0 0.0 f00.0
0 i i 13 i 0o 13 174.25 0.25 f00.0
0o ] ] 14 [il] [il] 14 fig.0 0o 7o0.o
0o ] ] 15 0o 0o 14 17425 0.25 7000
0.0 . . 16 Joo 0.0 A= R 0.0 0.0
0.0 . . 17 Joo 0.0 17 o 0.0 0.0
0 i i 18 0o ik n 18 0.o 0.0 0.0
0.0 . , 15 joo 0.0 hd q] I [
hardening (5904, 2)
32-bitfloating-point, 40% 3 .
Work perf d by Ansh Singh
ite= Plastiy model Ork periorme y Ansnuman sing
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«*“*+ The European Materials Modeling Council

* EMMC *

* *

« .« Keywords for Computational Implementaion

Chapter 3 Computational detall

3.1 Numerical Solver
3.2 Input you need to start computing
3.3 Initialisation of all quantities and parameters
. 3.4 Keywords describing “raw output” calculated by the
model for the entities
3.5 Keywords for “post processed properties” calculated
for the next model
3.6 Margin of error of property calculated under 3.5
3.7 Publication documenting the simulation

slide with courtesy of Pietro Asinari, Polytechnico di Torino



«*“*+ The European Materials Modeling Council

* EMMC *

* *

« .+ From metadata keywords to metadata schemata

Model ﬁ I' [ General [ Security | Details | Previous Versions | L
= e VI , - : and how does the
P e , e picture look like ?7?

Model

parameters F.

CMUsers\George Ponder'....

11/15/2010 6:30 PM

History

T summarizes
= == _ Book Title book
PO i DataFile content

Keywords o hlisher Release Date

H Bio 5
Customer Reviews Author Customer Ratings

Book Trailer
Author Interview




«*“*+ The European Materials Modeling Council

* EMMC *

* *

« .+ From metadata keywords to metadata schemata

similar to books & jpeg pictures, each keyword describing a feature
or an attribute benefits from further metadata information about e.g.

e data origin and data history

 models used for creation

 model parameters, software versions

e units and number formats

e creation date

» lower and upper limits of validity

e error estimates

o parent-child relations for hierarchical data

‘ Need for formal metadata schemata



«*“*+ The European Materials Modeling Council

* EMMC *

* . +*  Open Simulation Platforms

Scope:

Improve interoperability between the heterogeneous variety of
commercial and academic modeling tools

Open Simulation Platform(s)
will allow strong coupling resp. interoperability in each time step

= Workflow tool(s) to orchestrate a number of different materials modeling tools
» Tools for distributed simulations

» Long term: Accounting schemes (not for the use of the platform but for the use of commercial codes

used in the platform)



«*“*+ The European Materials Modeling Council

* EMMC *

* .+ EMMC Working groups

1. Business Decision Support
Z. Continuum Models
3. Discrete Models (including Electronic Models, Atomistic

— even this topic has only

0. Opé mrorauon Platform Concept been partially addressed
6. Matenals Model Marketplace during this talk

7. Manufacturers

8. Software Owner For more:

9
0

. Translator visit www.emmec.info
. Validation and....



2"d International Workshop on Software Solutions for ICME

Welcome to Barcelona for the Second International Workshop on
Home Software Solutions for Integrated Computational Materials Enginee~’ (\6
About ICME O

Committees

ICME2016 G@\

Invited Speakers

Program Overview

Supporting
Organizations

Sponsorship &
Exhibition

Format of the
Workshop / Call for
Contributions

Sessions List
Publications
Important Dates

Registration & Ab
Submission

http://congress.cimne.com/icme2016/

www.icmeg.info

ﬁ page 51



Future events
m CECAM Workshop on Interoperability, Sept. 2016, Dublin, Ireland

Multiscale Simulation: from Materials through to Industrial

Usage
Location : CECAM-IEL
September 3, 2016 - Seplember 7, 2018

B, ® Eoin O'Reilhy
E ce cam Twndall National Institute at University College Cork, Ireland
H'ﬂ Centre Buropéen de Caloul = Joan Adler
Molgue wt Molbculelr Technion Haifa, lsrael

= Heinz A. Preisig
MNorweegian University of Science and Technology, Chemical Engineering
Department, Norway

= Shahriar Amini
SINTEF Materials and Chemistry, Flow Technology Department, Norway

®m 4th World Congress on ICME, May 2017, Ypsilanti (Ml):

JOIN ME IN SUBMITTING AN ABSTRACT » DEADLINETO SUBMIT: SEPTEMBER 30, 2016 .
-

d4th World Congress on Integrated Computational Materials Engineering (ICME 2017)
May 2125, 2017 » Marmiott Ann ArborYpsilanti at Eagle Crast « Ypsilanti, Michigan, UISA
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