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KIT involvement: Worldwide LHC Computing Grid (WLCG)

 Infrastructure for LHC data storage and analysis
* More than 170 institutions and 34 countries

Tier-2 Centres
(>100)

Tier-1 Centres
- -~ - 10 Gbit/s links

= Tier-0 CERN
= Tier-1 ~ 13 sites /

= Tier-2 ~ 150 sites GridKa

Courtesy of Bob Jones (CERN)
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KIT involvement: Worldwide LHC Computing Grid (WLCG)

« Solar panels installed on GridKa data center and office buildings / g
* Unique in WLCG Gridka ./

* 500 kWp - GridKa could be powered 100% by solar energy on a sunny day

Courtesy of Achim Streit (KIT-SCC)
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KIT involvement: IceCube

MUK
(2 4
=

MATTER AND THE UNIVERSE
Matter and Radiation from the Universe

IcECUBE

« Multi-purpose neutrino observatory at South Pole el A R el L LSS
* Indirect study of dark matter i ' '
« Cosmic ray physics

 Validation of hadronic interaction models

0"
Galactic Longitude (1]

IceCube Collab., Science 2023

 Instrumentation (hardware, construction, installation)
« Software

« Data Analysis IceCube

- HPC Tier-1

Surface statlon

g“idKa J/

Courtesy of Markus Roth (KIT) and Kathrin Valerius (KIT)
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KIT involvement: high-energy universe

MUK
(2 4
=

MATTER AND THE UNIVERSE
Matter and Radiation from the Universe

Einstein Telescope KATRIN @ KIT
Gravitational waves Neutrino mass

» D AN einsTEN T
1

vin L

Courtesy of Andreas Haungs (KIT) and Kathrin Valerius (KIT)
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Data Exploitation Methods (DEM)

Scientific
Computing Center
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Letter #6 from Robert Graves to William Graves (st Oundle School) November 15, 1957

Dearest Wim vermber 15,1957 - EE
November 5, R +

Good luck in your inter If you are wholly at your ease - and why not? - all will go well. But ry to raise some sort of enthusiasm for your proposed career ugeslavia -

dont-care-ism doesn't go down wel

People
There's neves /et a November since - since last e have had about three sunny days, and | even bathed three days ago at Can Flogue. The
best news is getting butagaz smuggled from rieans N m u Ann
0 spend a ugland, but she is all snarled up with the Bevan libel case (on November 21st) & doesnit Mmiﬂlﬂmn
letters She x politcian

fiy out & intervie 3 t & out t v -

¥ kept ineffect

downstairs, & So
anovel there

have a wonderful reip
he's as right as

smas is leaming 1o rea
family and Marie are

faster than any of you: good Old Lobl The cats resent the puppies & constantly sneak in to wet the sofa. Emilia & Jaime &
week end

Postscript by Becy! Pritchard (Hodge, Graves)

iease gt 2 photos (passport xdem Iarge) 3nd sef
Aviaco plane from Barcelona-

Better

aima erashed Friday night a1 Pui s5engers 3board

0m
v 1@ Magoax © Oper

iMap Imrove tis map

Aristotele, De interpretatione
Lo ém.q-_\.:u-»y\. 3l

Square of opposition

Courtesy of Richard Thelen (KIT), Neil MacKinnon(KIT), Regina Ciancio (CNR-IOM), Germaine Goétzelmann (KIT), Danah Tonne (KIT), Lilly Osburg (KIT)
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FAIR Digital Objects

Digital Object: any identifiable piece of digital information that can be stored, managed, accessed,
and exchanged by computer systems. It may represent data, software, metadata, a document, an

image, a workflow, or another digital resource.

N b
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The FAIR Guiding Principles

P
O\ Findable b Accessible aﬁ Interoperable L’z) Reusable

https://www.qgo-fair.org/fair-principles/

13 June 10, 2026 Dr. Rossella Aversa - Research Data Management al Karlsruhe Institute of Technology (KIT) &‘(IT
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The FAIR Guiding Principles

Q, Findable

g ° 4
AccessInlE é‘v Interoperanle 4 :‘\ Reusanle

=

(Meta)data should be easy to find for both humans and computers

@ Globally unique persistent identifiers (PID)

https://www.go-fair.org/fair-principles/

KIT
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The FAIR Guiding Principles

Q
Q Findable ﬁ Accessible OO Interoperable L’}'_) Reusable

It should be known how (meta)data can be accessed

@ (Meta)data repositories, authorization & authentication

https://www.go-fair.org/fair-principles/
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https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/

The FAIR Guiding Principles

Q
Q Findable b Accessible Oo Interoperable L’}'_) Reusable

Data should be exchanged and interpreted by humans and computers

@ Structured metadata (schemas, vocabularies)

https://www.go-fair.org/fair-principles/
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https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/
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The FAIR Guiding Principles

Q
Q Findable b Accessible Qa Interoperaple C’}_" Reusable

It should be clear how data can be reused and/or replicated

@ Licences, rich (provenance) metadata

https://www.go-fair.org/fair-principles/
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FAIR Digital Objects

FAIR Digital Object: digital object that is structured and described in a way that makes it FAIR. It
contains the digital content and the essential machine-readable information.

A
—_— e
PID: 21.T11/1... {PID:21.T11/2...
Type: Image generated with  |Type: Software
o e
S 0% . [Metadata:
[PID: 21.T11/4... |PID: 21.T11/3... > I!wetag;t:t'or - Creator
Type: Software | ___generated with Type: Data - Date * Date

@«

Licen - Licence
[Metadata: [Metadata: senee .
Creator Creator
Date Date
Licence | e ae
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Why are FDOs useful?

Data Commons brings Topics to explore

together the world's public 5 economics = > Demographics
data, making it simple to
explore

= Health = Sustainability
- Education, housing, and commute
= Equity

- See all available data sources

Data Space: framework containing a set of data
sources (and their relations) regardless of their format,
location, or model.

Data Commons synthesizes a single graph from

these different data sources. It links references to
the same entities (such as cities, counties,
organizations, etc.) across different datasets to
nodes on the graph, so that users can access data
about a particular entity aggregated from different
sources without data cleaning or joining.

ds f 3 \\‘

dy

d; ‘\\ fi

/
GS; GS; ds \fs
d4 NG f4

Figure 3.2.: [llustration of fully aligned FAIRified data spaces by projection to a meta-level.

Courtesy of Nicolas Blumenrohr (KIT)
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https://www.datacommons.org/

What are the advantages of FDOs?

« Standardized descriptions: harmonised representation, alignment of different data spaces, better data
reusability/reproducibility, reduced duplication of effort

« Standardized type definitions: easier exchange of information across systems and organizations

* PIDs: persistently findable, reference (pointer) independent of storage location, no effect if location
changes

« Lightweight layer: retrieve data from multiple repositories without touching or migrating the data
« Customizable: can include/link additional info which is not included in the specific repository

« Machine-actionable: machine-readable format, automated workflows/data pipelines, Al-ready without
requiring manual intervention (at least quicker and more straightforward, no need of multiple APIs)

» Operation FDOs: set to act on specific target FDOs (according to their type)

KIT



Example: NMR Search

Q. Search for something...

Resource Type
() Dataset
() Study

() Project

() Repository

Source

@) chemotion-
repository.net

(J nmrxiv.org

NMR Method

1H nuclear magnetic
@) g

resonance spectroscopy

O 13C nuclear magnetic

resonance spectroscopy

O infrared absorption
spectroscopy

distortionless
enhancement with
polarization transfer

() mass spectrometry

+ Show more

NMR Solvent
() dimethyl sulfoxide-d6&
() dideuterium oxide

(O) deuterated chloroform

21899

5174

58

22990

4141

4116

3569

3137

1836

1752

610

365

128

Nuclear Magnetic Resonance Metadata Query o
[m] NFFA-Europe Data Management and Virtual Access Service

Showing 1 -20 out of 10000

CHs

S Rossella Aversa v

Search

Tl Name (ascending)

(rac)-2-([2.2]paracyclophan-4-yl)-1H-indole
CRS-39445 + 21/05/2024
21.T711981/c8319d84-0835-4126-aa0d-6262c203c4dc

S Tilman Kéhler < Study @ chemotion-repository.net 58 AGPL-3.0

323.43023999999986 g/mol

% Show Related Items 8 m

11,11'-(2,5-dimethyl-1,4-phenylene)bis(3,6-bis(9,9-

dimethylacridin-10(9H)-yl)dibenzo[a,c]phenazine)
CRS-46008 + 25/11/2024
21.T11981/219f2a17-8b21-4110-bfce-97e06474a596

S, Jason Hofmann < Study @ chemotion-repository.net 58 AGPL-3.0

1491.860280000001 g/mol

% Show Related Items 10 m

3-(3-hydroxypropyl)-4-(3-methoxyprop-1-yn-1-yl)-6-
(trifluoromethyl)-1H-isochromen-1-one

CRS-33628 + 02/06/2023
21.T11981/2782486¢-968e-4e8d-8456-c69043d7e1e3

NMR Search

KIT


https://metarepo.nffa.eu/nep-search

Example: NMR Search

3llg Nuclear Magnetic Resonanc

=0 NFFA-Europe Data Management and Virtual

Q  Search for something...

Resource Type

() Dataset 21899
(O Study 5174
() Proje: 58
() Repgsitory 2
Source
chemotion-

D repository.net 22980
(J nmrxiv.org 4141

NMR MetRod

@)

magnetic

resonance Sgectroscopy

infrared absor
spectroscopy

O
O
distortionless
() enhancement with
O
+

polarization transfer

mass spectrometry

Show more

NMR Solvent
() dimethyl sulfoxide-d6&
() dideuterium oxide

(O) deuterated chloroform

Showing

4116

3569

3137

610

365

128

Chemotion-Repository

Data Publications Molecule Achive News How-To

Reactions

CoHi1sOs

D Embargo
LB_2025-09-
05

CRS-61129
C7HgBINO,

Samples

Author

Lisa Burkart 2026-05-29

yhethyl 5-bromopyridine-2-carboxylate ()

Loginwith (3 Login with  sibbolern

® LablMotion

This information is based on the molecular structure shown on the left side. For a decoupled x
samplo, please rofer to ts indvidual dotails.

IUPAC Name: 2-(5-tricyclo[8.2.2.24,7]hexadeca-1(13),4,6,10(14),11,15-
hexaenyl)-1H-indole (C24H21N)

Scheme-only reactions

Canonical SMILES:

InCh: (3-1)16-24(: 9-17-5-7-18(8-6-17)11
-13-20(22)14-12-19/h1-8,12,14-16,25H,9-11,13H2

InChiKey: UMEUUBQHJXGOAF-UHFFFAOYSA-N
Exact Mass: 323.167400 g:mol™!

Published on

Sample

A physical sample of this molecule was registered to the Molecule Archive of the Compound Platform

Ciick to enable zooming

Crossiinks: ) C

D Embargo ~ Author  Published on
CRS-63954 Smone »096.05-26
2 Grale sz {3 Sample Published on 2024-05-21 C
CoHisNO7S,
Gt : (rac)-2-(2. 4-y)-1H-indok
= oA name: (rac)-2 ¥
o aid O Contributor: (3 Tilman Hans Kshler!
< Author: ()Tilman Hans Kohler'
(4] Embargy Author  Published or Sam 1. Instiute of Organic Chemistry, Karisn fie of Technology, Germany
Simone
CRS-63962 crape | 20260526
l 1 || | 9 Tilman Kéhler Stud chemotion-repository.net AGPL-3.0
@ nmirXiv - M Login
S CENAPT
on elp?
PUBLIC Cenaptnmr #NMRXIV:P33
Projects LIH 10.57992/nmxiv.p33
Spectra License: Creative Commons Zero v1.0 Universal (CCO1.0) = Published: December 21, 2023  Created: August 29, 2022
Compounds Pan-assay interference compounds (PAINS)
Info  Samples  Files License
© Cite this sample © Format: = APA v

Bisson, J., Kim, S. B., Chen, S.-N., Simmler, C., Ray, G. J., Youn, 1., Pauli, G. F., Lankin, D. C., & Achanta, P. S. (2023). Eucalyptol 400 MHz in CDCI3
NMR data [Dataset]. nmrXiv. https://doi.org/10.57992/NMRXIV.P33.5218

Eucalyptol 400 MHz in CDCI3 NMR data

10.57992/nmrxiv.p33.5218

RXIV:S218 <

Eucalyptol 400 MHz in CDCI3 NMR data

Molecular Composition
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Example: NMR Search

Q. Search for something...

Resource Type
() Dataset
() Study

() Project

() Repository

Source

@) chemotion-
repository.net

(J nmrxiv.org

NMR Method

1H nuclear magnetic
@) g

resonance spectroscopy

O 13C nuclear magnetic

resonance spectroscopy

O infrared absorption
spectroscopy

distortionless
enhancement with
polarization transfer

() mass spectrometry

+ Show more

NMR Solvent
() dimethyl sulfoxide-d6&
() dideuterium oxide

(O) deuterated chloroform

21899

5174

58

22990

4141

4116

3569

3137

1836

1752

610

365

128

Nuclear Magnetic Resonance Metadata Query o
[m] NFFA-Europe Data Management and Virtual Access Service

Showing 1 -20 out of 10000

CHs

S Rossella Aversa v

Search

Tl Name (ascending)

(rac)-2-([2.2]paracyclophan-4-yl)-1H-indole
CRS-39445 + 21/05/2024
21.T711981/c8319d84-0835-4126-aa0d-6262c203c4dc

S Tilman Kéhler < Study @ chemotion-repository.net 58 AGPL-3.0

323.43023999999986 g/mol

% Show Related Items 8 m

11,11'-(2,5-dimethyl-1,4-phenylene)bis(3,6-bis(9,9-

dimethylacridin-10(9H)-yl)dibenzo[a,c]phenazine)
CRS-46008 + 25/11/2024
21.T11981/219f2a17-8b21-4110-bfce-97e06474a596

S, Jason Hofmann < Study @ chemotion-repository.net 58 AGPL-3.0

1491.860280000001 g/mol

% Show Related Items 10 m

3-(3-hydroxypropyl)-4-(3-methoxyprop-1-yn-1-yl)-6-
(trifluoromethyl)-1H-isochromen-1-one

CRS-33628 + 02/06/2023
21.T11981/2782486¢-968e-4e8d-8456-c69043d7e1e3

NMR Search

KIT


https://metarepo.nffa.eu/nep-search

Example: NMR Search

Inspect Result
A 21,T11981/

Key

contact
KernelInformationProfile
digitalObjectType
hadPrimarySource
isMetadataFor

Showing 1 to 10 of 21 entries

Value

A Kéhler, Tilman (Karlsruhe Institute of Technology)

A /b9b76F887845e32d29f7

A /ca9fdeb2414177b79ac?2

A 21.T11981/935ad20c-e8f7-485d-8987-h4f22431Ff4b

A 21.T11981/cf1b@3f0-3074-4a9e-9da8-2238734akfda

ossella Aversa v

Search

infrared absorption spectroscopy (IR)
CRD-9439 + 2110572024

Qg

electron ionisation mass spectrometry (EI-MS)
CRO-A441 + 211052024

& Tilman Konler =2
® cosvsadn @

i -

@ hadPrimarySource
Bl @ isMetadataFor

@ HelmholzKIP

cam | ® o

% Show Related llems 1

gle quantum coherence (HSQC)

¥ Show Related lems 1

-

¥ ShowRelated lems 1

!

—_— oo

(O deuterated chloroform 128

CRS-33628 + 02/06/2023
21.T11981/2782486¢-968e-4e8d-8456-c69043d7e1e3

NMR Search

AT


https://metarepo.nffa.eu/nep-search

Example: Thermal Bridges on Building Rooftops

E PID Information Record ‘ FDO Badge
%% FAIR DO | 21.11152/ebaeb5bc-0514-47c9-bed2-98f0253843d8

Type Value & GerIeD
B kernellnformationProfile 21.T11148/b9b761887845e32d29f7 i':'i FAIR DO Graph
¥ dateModified 2022-08-26T00:00:00+00:00 b ® romaue
# checksum { "sha512sum": "¢51b5782d7f7b07607f7b8¢
o dateCreated 2022-05-30T00:00:00+00:00
Q digitalObjectLocation https://zenodo.orgfrecord/6517768/files/Flui
42 version 1.0.0
B digitalObjectType 21.11152/3052e4f1-4dd6-4c40-9a16-0a6bt
licenseUrl https://creativecommons.org/licenses/by/4.C E PID Component
5 hasMetadata 21.11152/ba370aa3-6422-428c-9ff7-c2efd.

<[> Copy Code
B> isMetadataFor 21.11152/365fd8cf-8e86-41b8-9d0e-b816f
@ topic http://vocabularies.unesco.org/thesaurus/cc
B contact https://orcid.org/0000-0002-9082-9095 TBBR Dataset

AT


https://doi.org/10.5281/zenodo.4767771

Example: Relabeling of SEM training datasets

§i\53 Data sets with different label terms are not directly reusable for Machine Learning (ML) applications.

Q Automated relabelling is enabled by using a vocabulary-based schema and FAIR Digital Objects (FAIR DOs).

Usually different label terms are used to describe the Metadata Schema for Label Information
same category, i.e. have the same meaning.

Full schema at:

= Y)
— term |1~
JSON ¥ label o
> y » label term
schema properties .
t http:/ /vocabularies.unesco.
em |- org/thesaurus/concept219
Used to describe data definition

With a vocabulary definition the

Schema has a hierarchy to store the Image

Example with *Scanning Electron Microscopy (SEM) image data. Provided by R. ¥ i
g o 3 PYLSEM) Imen Dot label metadata in a standardized way.

terms can be related and mapped to
Aversa et. al. http://doi.org/10.23728/b2share.19cc2afd23e34b92b36a1dfd0113a89f

each other.

Labels can be mapped to each other, i.e. relabelled.

Conclusions
» Using a metadata schema and
vocabularies for data description
provides standardization.

Record = The record information of a FAIR DO
% NS d information contains all information required to
. Metadata access the data and its metadata.
Machines can evaluate the

common 1 access
label 2

information record and carry out the
relabelling using that information.

Blumenrohr & Aversa 2022
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https://doi.org/10.5281/zenodo.7243871

FAIR Digital Objects

Zenodo 2022
77
~ f FAIR-DO Lab
37,000 FDOs FAIR DIGITAL OBJECTS ( \FORUM s Zenodo 2024

P 2093 @D ) Zenodo 2022

RESEARCH DATA ALLIANCE Typed PID Maker

PID-Component

GitHub 2024

FAIR-DO
Cookbook

(®) NFDI.Chem

NMR data of eth. extract and FAIR g
fractions of swertia chirayita Digital —> &

21.T11981/5760c10e-6e64-4 1ea- Objects GitHub 2023
824e-8dd4d3d2145d T ——
-DOscope

Sonderforschungsberetch 980
EPISTEME IN
Fist @ e HELMHOLTZAI
Artificial Intelligence Cooperation Unit

Nature SciData 2023

Thermal bridges on
building rooftops

Acta Mat. 2025
BAM reference data

OI\/I/ISCW. 2024
DH benchmark
21111
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Looking for other applications

,‘E Nuclear Magnetic Resonance Metadata Query
[I[8] nFF Exvope Daa Managemertand Vil Access Servee

- Data explorer: overview of data (different repos, representations, infos)

* important information can be harmonized -
- extra metadata (e.g., telescope/db-specific) in a different record for different actions ';?.-?2‘-,-::;;:; —
* Interactive interfaces: based on geolocation, portion of the sky, ... =
« Possible operations for machine-actionable datasets: i
« Spot if something is under embargo, for machine-driven decisions w : 3
« Check for specific metadata in the record (because they are needed for training) fiﬁf.‘;'li - s

*  Show preview image

g FDOMOMEnT
We can provide: 5
e AIR igital “bject ' dular " inting and
. . 7 \ 4g= 1 ablement oolkit
 assistance for modelling FDOs i :

» tools for creating FDOs
» specific visualisations (we have motivated experts)

KIT
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Sky is the limit
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