D 1.7 Ontological data formats for exchange and storage MUSICODE

{imusicode

An experimentally-validated multi-scale materials, process and device modelling &
design platform enabling non-expert access to open innovation in the Organic and
Large Area Electronics Industry (MUSICODE)

Grand Agreement: 953187
Project Start Date: 01/01/2021

Project Duration: 48 months

Deliverable 1.7

Ontological Data Formats for Exchange and Storage

Date: 06-12-2022

This project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under the Call
DT-NMBP-11-2020 “Open Innovation Platform for Materials Modelling”

Project co-funded by the European Commission within Horizon 2020 Research and Innovation Programme

Dissemination Level

PU Public

PP Restricted to other programme participants (including the Commission Service)

RE Restricted to a group specified by the consortium (including the Commission Services)

co Confidential, only for members of the consortium (excluding the Commission Services) X

Page 1 of 28



D 1.7 Ontological data formats for exchange and storage

MUSICODE

Deliverable author(s): Konstantinos Kaklamanis (Uol), Elefterios Lidorikis (Uol), Borek Patzak (CVUT), Hafiz

Norman (KIT)

Contributors: Stanislav Sulk (CVUT), Vaclav Smilauer (CVUT), Dario Campagna (ESTECO), Davide di Stefano
(ANSYS), Sandra Jenatsch (FLUXIM), Aron Kneer (TINNIT), Klaus Reimann (TINNIT), Saeideh Farzaneh (KIT),
Maria Andrea (Uol), Kostas Kordos (Uol), Kostas Dimakopoulos (Uol), Dimitrios Papageorgiou (Uol)

Draft Revisions:

- v0.1,15/11/2022, compiled by Elefterios Lidorikis

- v0.2,30/11/2022, compiled with input from partners
- v1.0,03/12/2022, compiled by E. Lidorikis

- v1.1,06/12/2022, compiled with input from partners
- v2.0,06/12/2022, approved by coordinator

Copyright

@ Copyright 2021-2024 The MUSICODE Consortium

Consisting of Coordinator: University of loannina (Uol) Greece

Partners: Karlsruhe Institute of Technology (KIT) Germany
University of Surrey (SURREY) UK
Aristotle University of Thessaloniki (AUTh) Greece
Czech Technical University in Prague (CVUT) Czechia
Fluxim AG (FLUXIM) Switzerland
TinniT Technologies GmbH (TINNIT) Germany
Granta design LTD (GRANTA) UK
Esteco SPA (ESTECO) Italy
Organic Electronic Technologies (OET) Greece
Apeva SE (APEVA) Germany
ANSYS UK (ANSYS) UK
AIXTRON (AIXTRON) Germany

This document may not be copied, reproduced, or modified in whole or in part for any purpose without written
permission from the MUSICODE Consortium. In addition to such written permission to copy, reproduce, or
modify this document in whole or part, an acknowledgment of the authors of the document and all applicable
portions of the copyright notice must be clearly referenced.

All Rights reserved.

This project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under the Call
DT-NMBP-11-2020 “Open Innovation Platform for Materials Modelling”

"The European Commission support for the production of this publication does not constitute an endorsement
of the contents which reflects the views only of the authors, and the Commission cannot be held responsible
for any use which may be made of the information contained therein."

Page 2 of 28



D 1.7 Ontological data formats for exchange and storage MUSICODE

Contents
PUDBLISRABIE SUMMANY .......ooiiiice et e e e et e e et e e e sttt e e e eaaaaeeeeraseeeeensaeeesssaeeesnnssneenan 4
(€] Lo T-Y- SRR 5
L INErOCUCTION ...ttt et s e bt e e s bt e e be e e sab e e s beeesabeesabeeenteesabeeeanseesaseesneeesabeeanns 6
1.1 ObjJectives Of WPL TASK 1.4 ...coociieeeiiiee ettt sttt e e ettt e e sttt e e et ae e e s sat e e e s ssateeeesanbaeessnsbeeessnnbeeessnssenessnnsenns 6
1.2 PUrPOSE Of thisS DOCUMENT ....ciiiiiiiiiiiiiee ettt e e e ee e e e st e e e e st be e e e s abeeeesasbeeesesnseeeeensseeeesnarenns 6
2. Data requirements in OLAE and ontological data formats ...............ccoooiiiiiiiiei e, 8
2.1 Data requirements in the “materials” class: discrete atomistic data..........cccceeeecieiieciee e, 8
2.2 Data requirements in the “processing” class: continuous field data.........ccccceeveeieiiiicieii i, 9
2.3 The data schema for “materials” in JSON fOrmat .......coocueiriiiiiiiiiie e 11
2.4 The data schema for “processing” in JSON fOrmMat .........ooocciiiiiiiiiiie it 14
2.5 Data schemata as common semantic data representations in MUuPIF and DMS...........cccoccvieeivcieeeeenns 15
3. MuPIF data services and Model APIS ...............ooiiiiiiiiii ettt et 18
3.1 Data services generated by data SChEME.........uiiiiiii i 18
3.2 Data service utilization in MOl APIS .........oiiiiiieeee e e 19
4. Data handling, eXchange, and STOFABEe.............c.uiiiiiiiiie it e et e e e etre e e e e bt e e e e ebeeeeeeraeeaeeanes 20
4.1 HDF5 containers: multiscale data in @ DOX .......cooioiiiiiiiiiiieee et 20
4.2 Data handliNg iN DIMIS .......uviii ittt e e ettt e e e tee e e e et e e e e st e e e e e abae e e ssbaeesanssaeeeasseeeeeanseeeeennseneeennsenas 21
4.3 Data handling in IMIUPIF ......oeiieeeecee ettt e e et e e et e e e e st e e e e saabaeeesasbaeeeenbeeeeenseeeesnasenns 22
VI DY I ¥ TaTe | [ToY T o I o [ o ol PP 23
4.5 Data Exchange between COMPONENTS.......c.eeiiiiiiee e e e e e e e e ee e e e e e e e nnraeeeeeas 24
5. Service-based ontology and cross-domain interoperability ............cccccoooiiiiii e, 26
6. Summary, next steps, aNd CONCIUSTONS .............cooiiiiiiiiiiiie e e et e e e e e e e s e enbae e e e sareeas 28
6.1 Summary of status in M23 and overview of achievements .......ccccveveeciiiiiciiiec e 28
(oI A\ VL= A A= o LSOO 28
6.3 Conclusions and ClOSING FEMAIKS......ceiiii i e e e e e e e b e e e e e e e e e annraeeeeeas 28
271 o1 [T o =4 =T ] 1 |Vt 28

Page 3 of 28



D 1.7 Ontological data formats for exchange and storage MUSICODE

Publishable summary

MUSICODE develops a novel Open Innovation Materials Modelling Platform for the Organic and Large Area
Electronics Industry to expediate accurate and knowledgeable business decisions on materials design and
processing and optimize the efficiency of device manufacturing. Modelling the processing of materials requires
hierarchical workflows spanning the micro- to macro-scales and thus spanning across different disciplines:
chemistry, physics, engineering. Understandably, the data generated by these simulations will be vast and of
many different types. Data will need to be exchanged between different models within modelling workflows,
between different modelling workflows, and across different HPC platforms. Data need to be stored and
transferred to and from the Data Management System. This deliverable summarizes the ontological data
formats (schemata) created by MUSICODE to facilitate all the above requirements, the corresponding data
services created automatically by the data schema, as well as the data containers used for storage and
exchange.
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