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Timeline of MaterialsCommons

MATERIALS 2030 MANIFESTO

February 2022:

the European Commission, Member States, indus-
try and research, and citizens to leverage collabo-
ratively the interplay between advanced materials,
digital technalogies and crcular strategies in order to
accelerate the develeprment, and reducing the cost and
complexity of developing tomarrew’s solutions for the
twin green and digital transitions. [t will aveid fragmen-
tation arncngst the differant players in the Horizen EU
pragramme, therefore 2nabling the EU 2o implement the
green and digital transitions

i2030

ADVANCED MATERIALS INITIATIVE

Strategic Materials Agenda, April 2023:

Common framework and organisational form

The initiative aims at providing a common framework (the
so-called ‘Materials Commons) for all stakeholders
supporting their collaboration on advanced materials in a
systemic approach across different innovation markets. An
efficient organisational form is needed to fadilitate
multi-stakeholder engagement.

Innovative
Advanced Materials
for Europe

{IAMA4EU)

Strategic Research and Innovation Agenda (SRIA),
November 2024:

An integrated, trusted, and federated digital infrastructure is needed tw support and engage sll
actars aleng the AMs value chain/life oycle to share, access and exchange data while retaining cwnership
rights and protecting confidential information. This infrastructure, called the Materials Commons i the
EC communication on Advanced Materials for Industrial Leadership [2], encompasses a digital material
scosystem that involves the digitalisation of materials specificaticns, synthesis and processing, safety
profiles, enwvironmental and social sustainability, as well as circularity patential, The Materials Commons
enables a new style of innovation processes: collaberative innovation including actors along value
chains in single, repeatable innovation warkfiows, thus speeding up the overall innovation cycles. The
governance madel of the Materizls Commans should integ international | pean) and
national initiatives such 2s EOSC, PMD and DIADFA and should be guided by the Technolegy Council
for Advanced Matarials. To this end, semantic data madals for the general materizl damain and for
specitic context-aware data representations in sub-domains of strategic innovation markets need ta be

established,

First considerations and

Invite for Grant
Agreement preparation

MaterialsCommons
Proposal-Submission

Further development
MaterialsCommons-
infrastructure beyond
end of project

development of Running project

concepts
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Initial Infrastructure elements of MaterialsCommons4.eu

Selection of initial consortia and repositories, that will be linked in MaterialsCommons

MATERIALDIGITAL

MATERTALRIGITAL

Welcome to the DataPortal for sharing material data sets

provided by Platform MaterialDigital

DataPortal

Curcheschen Se unsere 0 RN

Infrastructure for MSE
We support researchers in
Materials Science and
Engineering (MSE) with
FAIR data solutions that
enable new discovery.

CAPeX

Pioneer Center for Accelerating P2X Materials Discovery

Accelerating Discovery 1114

Sustainable Energy Solutions

Innovating Materials fn
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Materials science data
managed and shared

MOMAD lets you manage and share your materials science
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datain & way that makes it truly useful toyou, your group, and
the community. Free and open source.
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Built for seamless sharing of resources
in computational materials science.
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MaterialsCommons - project partners

SINTEF

Technical University of Denmark

Trinity College Dublin

University of Cambridge

UK Research and Innovation - STFC

The European Materials Modelling Council
Université catholique de Louvain

YV
AR

Commissariat a I’énergie atomique et aux énergies alternatives B
Centre national de la recherche scientifique

Tekniker
IMDEA Materials Institute
Barcelona Supercomputing Center

Associated Partners
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I VTT Technical Research Centre of Finland
CSC - IT Center for Science

Linkoping University

Fraunhofer

Karlsruhe Institute of Technology

Humboldt University of Berlin

Bundesanstalt fir Materialforschung und -priifung

J. Heyrovsky Institute of Physical Chemistry

Materials Center Leoben

Paul Scherrer Institute

National Research Council of Italy
Politecnico di Torino

Politecnico di Milano

University of Bologna

Associated Collaborators
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Architecture of MaterialsCommons

Use-Cases

Material-Domain Specific
and User Centric
Entry Points
FAIR principles
implemented in a
Common
Data Space Specification

Conventional and Self-

driving Labs

Physical Workflows as Service

Synthesis

Characterization

European
Large-Scale Research
Facilities

&
@
£ Modelling & Simulation
Modular and Data Analytics &
interoperable Sustainability

semantic self- ﬁ

Assessments

Al

Digital Workflows as Service

High Performance Computing
(HPC)

@ Restricted

Repositories
(Data, Software, Vocabulary, Schemas)

Storage Infrastructure

Domain Semantic Interoperbility

Domain Workflows

Domain Dataspaces

Domain Usecases




MaterialsCommons - expected outcome

———— ==

* Create a pioneer federated digital infrastructure for advanced
materials research and development,

demonstrating use cases facilitating industrial uptake and
— T offering a feedback loop to academic research.

Elements of the infrastructure:

@9 f ‘ Semantic Interoperability IE]
P Workflows | ‘ .

Dataspaces

Give researchers from industry and academia access to interoperable,
heterogeneous and FAIR data sources and computational tools integrated
in the workflows for the design and development of advanced materials.

Address the requirements of experimental workflows for high-quality, well-
structured and documented primary data by providing tailored solutions to

Materials Py g
Commons: u;
Data, tools

extension
»

" " ' v
experimentalists. 35 o5 oy O
"%; 5 Iy sonoa®® S

Provide a framework to support self-driving labs using the digital infrastructure,
enabling to use of state-of-the-art Al technologies and predictive modelling
techniques in industry and academia.

Devise mechanisms for long term sustainability and expansion to future use cases.
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Structure of MaterialsCommons

¢ P g N O‘\ Top-Level
' N AP -

! ! %, O ‘ Ontologies
Mid-Level

Ontologies

Application

Semantic Interoperability A X 7 N Ontologies
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WP1 WP2 5 Domel
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Semantic Linked Data _ &t 1 oy O Bl | %, - Raw Dala
Foundation Schemas and Ap - ~ & T o0 e~ - Processed Data
wP3
User friendly services * Building a FAIR-compliant semantic framework with specified

guality requirements, governance rules, and publication workflows

* Creating a technical specification for human and machine
actionable linked data schema language

* Providing user-friendly tools for documentation, search, and
knowledge integration

* Foundation for interoperability between data, software, and
communities

Establish user-friendly services for
semantic annotation of FAIR data by
schemas actionable in application
programming interfaces



Structure of MaterialsCommons
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Workflows
WP4 WP5
Unifying Dynamic .
computational integration

workflows

[ ]
WP6

Human-friendly workflow interfaces .

Develop interoperable workflows able to
create ML-actionable links between materials
modelling and self-driving laboratories

ercperable

So O

Interoperable workflow definition for simulation,
experiment, and machine learning

FAIR-compliant and machine-readable description of
individual process steps

Integration of self-driving labs, electronic lab
notebooks, and Al-supported automation

Support for closed, adaptive research and development
cycles



Structure of MaterialsCommons

* Harmonization of European materials data infrastructures

—J
= * Federated access to distributed data via shared APIs and
ol (& standards
Dataspaces * Secure data use, literature data acquisition, and federated
Why - Iea!’nm.g . . .
Harmonization of * Validation using real-world community data scenarios
Interconnections
Data
and Al tools
Infrastructures

o 5

WP9
Community Data
MATERIALSCLOUD

Provide access to different dataspaces,
databases, computing environments i,

DataPortal

2 SCIENCE CLOUD

$SNOMAD
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Challenges in Semantic Interoperability

CURRENT LIMITATIONS

o No coherent practices o Lack of community-standard e R&D communities and o End users rely on limited
in annotating and documenting metadata Industrial Data Ecosystems applications or IT projects
data as they are produced are not interoperable
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Lack of agreed data models,

No coherent cataloguing or indexing
FAIR terminclogy, taxonomies Datasets remain isolated and Barriers to integrated decision making Siloed tools - difficult to aggregate
and ontologies low FAIR (walue chains, sustainability, digital passports) and analyse heterogeneous data




Proposed Solutions

o Semantic Foundation

Develop & Harmonise

Communities

& Vocabularies

<] .
ﬁ'ﬁ Taxonomies
a » d&o Ontologies

Experts o) Semantic
- patterns

i,
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Standards De-facto standards

Bodies

for materials science

4+

®

MATERIALSCOMMONS SOLUTION

@ Linked Data & Metadata (addressing Lim. 2 & 3)

Metadata & Cataloguing

Materials DCAT-AP
(Application Profile)

hased on DCAT

!

Schemas (JSON-LD)

{ 1} JSON-LD

Linked Data & Interoperability

RO-Crate O aAs
= 6,

(Research (Industrial
Objects) Data Spaces)

e A e
o,.x}(cr}% >

Linked Data

00-LD » SSS0M » Other Standards
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e Reusable Assets Repository

MCSF Asset Ihpcsrlnry
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Ontologies Schemas  Mappings  Patterns

Q Patterns
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Proposed Solutions

o Semantic |

Communities

@ »

Experts

=

Standards
Bodies

Dedicated domain ontologies
to capture use case knowledge

o

' N
m Top & mid-level ontology
Maintained by EMMC
& i J
4 I

Electro-

(_3_hemical

Characteris_a_tion

\

Community-provided
domain ontologies.
Coordinated by EMMC

Domain ontologies
created by MatCHMaker
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Provided Service Building Blocks

@) TOOLS & SERVICES (ADDRESSING LIMITATION 4)
User-friendly Toolkits & Guidelines for FAIR Resource Description

Describe o] Validate 9 Map & Link Publish to o Use& Guidelines
resources v—=| FAIRness c semantics I Catalogs / KGs Re-use & Best Practices
Knowledge Access & Exploration Advanced Capabilities
e
. - O I
© & B 2 8% W @
Semantic Search LLM-supported Graphical View, Edit, Federated Semantic Data Integration Aggregation Reusable
(SPARQL) Natural Language Navigation Map KG Query  Transformations (combining (summarizing Mapping
Search (vis.js) datasets) datasets) Functions

Built on Web Components & Standards
S —_—
-.:%_. Wunderbaum JSON Editor .é. vis.js C’\J 00-LD @ SSSOM mz I::c 39:



Materials Acceleration @ Fraunhofer

s Ontologies and
FAIR Data Ma PN semantic data :
B spaces MATERIALDIGITAL

Hybrid information . Machine Al, ML & Human
Semaittic

systems readable Modeling operable
Lab
\ELQUEINENS
Industry 4.0 loT & Inline Automation & & Offline
( Lab & Fa b) Sensing Robotics Charac-

terization

= Strong cooperation
with lab automation

Link: ISC Digital/MAPs

and materials domain
experts

Battery material Nano particle Tissue engineering / Fully automatic
synthesis (BIG-MAP) synthesis medical testing Glas-Screening
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DCAT + API

Catena-X / EDC

OpenSemanticLab

Shareable Data & SCHEMA AAS / SAMM
Schemas
RDF/OWL
g Protégé
Other hostings
SPARQL Sparklis, Federated 3 .'r
> d
Query, etc. SPARDL

API External Workflows, F
> openica
e.g. openlLCA, Prefect =

Data Archives, ZEﬂa'b

e.g. Zenodo

Slide 16

Data Catalog export

Object-Oriented Linked Data (OO-LD)

Ontology import / export

Triplestore with SPARQL endpoint

Trigger experimental and
computational workflows



Technology overview of semantic interoperability

Structured
Output /
Tool Calling

."Ao enAPI
2 \’ ?

«

JSON-SCHEMA

python
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V4 Rt v
Person@® Graph S
name 3
Semantic
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__uhn Smith MediaWiki m:i-.:
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Powered by Lo s |
MediaWiki

- OpenSemanticLab is based on object
oriented linked data schemas (0OO-LD) as
meta-industry standard

- On the one hand, those schemas auto-
generate both human (Ul) and machine
interfaces (API)

- One the other hand, those schemas can be

annotation with arbitrary ontologies in
order to auto-create RDF graphs in the

background @
(#

https://github.com/00-LD/schema




Technology overview of semantic interoperability

Software
SubclassOf
Dataset - DataService Dataset

is input of / Has output / Schema

consumed by produces

deploys
Deployment —...i ~ https://myservice.com/s123
i CyclingData Performance
clingDataset .

Y g is input of / Scrlpt Has output/ Dataset |n5ta nce

Code Generator consumed by produces

May use e.g. .pOSt(“/I"Uﬂ/“)

::f;g‘r"og;z <Xdef: run(param?® CyclingDataset) -> PerformanceDataSet:
Server Code

return data

data = CyclingDataset()
res: PerformanceDataSet = PerformanceDataSet( Client Code
**pequests.post(“https://myservice.com/s123/run/*“, json=data.json() ).json()

)



In the area of LLMs, how much integration is still required?

C U B hitpsy/mat-o-labopen-semantic-lab.org,

Navigation in

Mat-O-Lab OSL
iR knowledge

OpenSemantictab is a hybrid, human and machine dable datab for domain k ledge and data, including a SPARQL-Endpoint 2 I f

m o @ 7

Tutorial: Working with SPARQL and LocalAl

~ Common Features

+

CREATE

~ Inventory maintenance

o, » &%
L

Rt

https://www.youtube.com/watch?v=8XypKdFaxpM




In the area of LLMs, how much integration is still required?

{ def bayesian_optimize() }

Hmm... Try these
parameters:

Persistent @
=~ Memory ~

Bayesian Optimization LLM Integration Knowledge-Driven Optimization




In the area of LLMs, how much integration is still required?

Full Knowledge-Driven
Optimization

evolutionary, optimire) run_DFT) run_FEM] run_FEM) execute_experiment)




Technology overview of semantic interoperability

User-Centred Design Semantic
Interoperability

LLLLI

\/

LILLBLD

LLLLI
i

" Human

Visualization Canibic O bjec " ' -
Access Oriended Validation
— Linked
Workflows
& Human O[Z;.?T‘D
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Autémated r e python JSON-LD
Physical l
Workflow
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Data
Transformation
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DCAT /DSP

Workflows Data Spaces



Coherent Software Development

e o =

Python Docker Containers Kubernetes

)

O —
€ -
-

Quality

Security

Licenses

—

Developers DevOps Users

[ + Shared Way of Working Across All Partners + ]




Coherent Software Development

Python Docker Containers Kubernetes

SOURCE CONTROL C1/CD PIPELINE QUALITY GATE
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Developers DevOps Users

[ + Shared Way of Working Across All Partners + J




Federated AND User Centered

Pbom

. Local Repositories

Local Resources

Access Levels

T o

Data Space Connector
DSP | EDC

Remote Resources

Common Node

MaterialsCommons Hub

National Node

®.g Franco - Germany

Partner Node
e.g VIT - Fraunholer

Project Node

Research Projocts

HPC | EOSC | EuroHPC



Federated...

Local Resources

. Local Repositories

Standardised Protocols

v

Data Space Connector
DSP/EDC
Common Protocol

@

Data Sovereignty

Access Levels

D Auth. only

&

Remote Resources

Common Node

MaterialsCommons Hub

National Node

e.g. France - Germany

Partner Node
e.g. VTT - Fraunhofer

Project Node
Research Projects

HPC / EOSC / EuroHPC

Compute & Storage



Federated...

Identity
Provider
Monitorin : :
Connector ® Cataloging* Connector
./ Offer \.
Catalog
Data Transfer
Data i Data
5 dla .
Source/Sink Source/Sink

*either centralized or decentralized

https://eclipse-dataspace-protocol-base.github.io/DataspaceProtocol




Federated ... AND User Centered

(] K] —
Users and Portal r r } Web access - Dashboards - Search

Sty i MaterialsCommons Portal

. Graph MaterialsCommons Knowledge Graph
Rowledae S e SPARGL - RDF - Metadata

and Catalogues
==

B

Kubemetes / Containers > Pods - Services - Ingress

Microservices and APls

Dataspaces and HPC i

Data Store HPC/EOSC

Storage - Compute - Federation




Federated ... AND User Centered

] 2 a—
Users and Portal II || L J Web access - Dashboards - Search

Sciedlists Exgloancs MaterialsCommons Portal

MaterialsCommons Knowledge Graph
Knowledge Graph [ ]

and Catalogues

e B

Kubemetes / Containers [ e ][ e ][ o ] oo Ovchesation Pods - Services - Ingress

SPARQL - RDF - Metadata

L =N
Dataspaces and HPC g [ B8 | Storage - Compute - Federation

Data Store HPC | EOSC




Contact

Dr. Simon Stier

Head of Digital Transformation
simon.stier@isc.fraunhofer.de
Fraunhofer-Institut fur Silicatforschung ISC
Neunerplatz 2

97082 Wiirzburg

Germany
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