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Mathematical Research and lts Data
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Model-Based Simulation

1 Periodic Table of Finite Simple Groups c
Alts [ Ai(T) Ayo—e—e o D, /', ¢-e  Fio—e=—e—e Gree B3(2) | C3(3) | Da(2) | 2Ds(2) | 2A2(3) | G5
B, e—e—e .0 : .
Alt; | Ai(8) Cpoe—s 0 Ecise & ¢ o o o o By(4) | C3(5) | Da(3) |2D4(3) | 2A2(8) | Cs
Alt; | A1) | E¢(2) | Ez(2) | Es(2) | Fa(2) | G2(2) |3Ds(2) | 2Es(2) | ?Ba(8) |?Fa(2) | °G2(27) | B3(2) | Ca3) | Ds(2) | 2Ds(2) | %Ax5) | C7
Altg | A(13) | Ee(3) | Ez(3) | Ea(3) | Fa(3) | Ga(3) |3Dy(3) | 2Es(3) | B2(32) | 2Fa(8) |’G2(243)| Ba(5) | Ca(7) | Da(5) | 2Da(4) | 2A3(3) | Cn
Ait, | Ailq) | Eo(q) | Ez(q) | Es(q) | Fa(q) | Ga(q) |3Ds(q) | *Es(q) | *B2(q) | *Fa(q) |?Ga(q) | Bal@) | Balg) | Dulq) | *D.(q) | *Aulq) | Cp
[—] Altermating Groups _] Suzuki Groups
l:l( sassical Groug jkw and Tits Groups Mu Mlz Mn Mn Mu Jl .’2 J} -’4 HS MclL He Ru
Url ...... y Growps '_]c,.ma. Sample Groeps
rl Classical Steinberg Growps :|cmm Groups
(Ovignal table by Ivan Aans 2012) Suz | ON Coy Cop Coy HN Ly Th Fiz Fix Fi, B M

Learning From Data

Stimulated
-Emission
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Mathematical Research Data: Factual Material to Validate Research Findings

Confirmability

Kepler’'s conjecture:
The art of packing oranges

Ann. Math. 162 (2005), Based on computer code Not accessible to classical
1065-1185 peer-review

/ /|

{

/I code
HOL light

* images: Orange Stack (Adobe Stock) and Weierstrass Institute 3 W—Q



Mathematical Research Data: Factual Material to Validate Research Findings

Confirmability

Kepler’s conjecture:
The art of packing oranges

Two important
Crystallographic
Lattices

Face centered cubic lattice

2

Hexagonal closed package

* images: Weierstrass Institute, TU Berlin



Mathematical Models

— V . j]_(’U,]_,VU]_) T ’I"]_(Ul,uQ)

Reaction-Diffusion Systems

=V ja(uz,Vug) + ra(ui,usg)

N

Flow through boundary Reaction

Change in mass

Detectors Batteries Cells




Modeling and Computing Workflow

Problem Absti B

p

Solving the ‘right’ equations

‘right’, fast and robust

OIVE ri ¢ 1 ?
Solution f . ved the ‘right’ equations?

* Image: Babaroga — stock.adobe.com
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Modeling and Computing Workflow

Problem DS >

Modeling Theory

L B
4 \ 4
< E \ 4
Algorithms 4
Solution

* Image: Babaroga — stock.adobe.com
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Mathematical Research Data

£ 4

| /)
w,&sflo,ﬂu_o, y

N oo =56
alu,u) > mllull*

Data Models

I3

~~_ Documents
1 7

Visualisations

* Image: WIAS



()
| -
-
—
(@)
-]
-
7))
(©
y=
m
©
—
(©
Q
L
O
| -
qv)
)
7p]
()
e
©
>
O
L
(®)
| -
©
O
(/)]
)
e
©
O
-
©
&
()
L
e
(©
=
(@)
=
ju
O
Q.
Q.
-
7))




National Research Data Infrastructure (NFDI)

GEFORDERT VOM

* Bundesministerium
2> | firBildung

und Forschung

Start -+ Aktuelles v - Direktorat v =« Konsortien

B FAIR research data infrastructure
2 m 30 consortia, all disciplines
m 3 calls (19,20, 21)

Nationale
Forschungsdateninfrastruktur

Die Nationale Forschungsdateninfrastruktur und das NFDI-Direktorat befinden sich momentan im Aufbau.

In der Nationalen Forschungsdateninfrastruktur (NFDI) sollen die wertvollen Datenbestande von Wissenschaft
und Forschung fur das gesamte deutsche Wissenschaftssystem systematisch erschlossen, vernetzt und
nachhaltig sowie qualitativ nutzbar gemacht werden. Bislang sind sie zumeist dezentral, projektbezogen oder auf
Zeit verfugbar. Bund und Lander werden die NFDI gemeinsam fordern und mit diesem digitalen Wissensspeicher
eine unverzichtbare Voraussetzung fur neue Forschungsfragen, Erkenntnisse und Innovationen schaffen.

Prof. Dr. York Sure-Vetter
Director

Deutsche
Forschungsgemeinschaft

Informationen zum Ausschreibungs-,
Auswahl- und Begutachtungsverfahren:

UF

Deutsche Forschungsgemeinschaft (DFG):
https://www.dfg.de/foerderung/programme/nfdi/

https://www.nfdi.de https://www.dfg.de/foerderung/programme/nfdi/ 10 W—‘)



NFDI consortia

Runde 1 startet Runde 1 und 2
1 October 2020
11% 1
11%
" —

starting
October 2021

10%

Runde 2

10% Geisteswissenschaften Sozial- und Verhaltenswissenschaften
= Biologie = Medizin
1 ch . = Chemie Physik
g 30% Mathematik Geowissenschaften
= Maschinenbau und Produktionstechnik = Materialwissenschaft und Werkstofftechnik
Informatik, System- und Elektrotechnik
4 3. NFDI-Konferenz, 08.07.2021 Es werden nur die Fachgebiete genannt in denen auch Antrage bewilligt wurden. DFG

https://www.dfg.de/foerderung/programme/nfdi/konferenz_2021/index.html 11 W‘Q‘Q—“



European Open Science Cloud (EOSC) and GAIA-X

e

m started 2015, launched 2018
B secretariat est. 2020

3 Potential users

o \

E

b

GAIA-X

started 2020

EUROPEAN OPEN
SCIENCE CLOUD

iy

Data Processing

LA

Researchers

Science and
technology professionals

i

Data Management Data Analysis

Framework

e
// \\
Open Source | j
Orchestration
/A A

|
¥
/
/

EERTTVETS
)
2>

\

Op.e|j1|ng t.he Building an Al infrastructure for data
administration's E X .
i science and machine learning
data silos

,@‘

Companies

GAIA-X

Ecosystem consisting of start-ups, public IT service

D

roviders, (regional small and medium-sized)

FAIR-Data-Spaces: 6.3 M€ BMBF funding
for cooperation with NFDI (Jun 2021)

brises, administration, politics as well as science
and research institutions

https://eosc-portal.eu

https://www.data-infrastructure.eu 12



National Research Data Infrastructure (NFDI) for FAIR data

Findable

Q

NFDI

Accessible Interoperable

A |

.

The Future of Research Communications and e-Scholarship

force11.org

Re-usable

R




Objectives

M R |

Interoperable Secure,

mathematical confirmable and

research data reproducible
results

6 .

Development
of mathematical
Services

Standardize Confirmable
semantic workflows
relations

* Image: Garry Killian — stock.adobe.com
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Task Areas

TA%

Computer
Algebra

Algorithms

Data Culture and Community Integration

MaRDI Portal

Create and provide Services

TA Zo;y
2

Scientific
Computing

Mathematical Models

Workflows

X
TA %o o2%6%
SIS
CISSAGS
SRS
MK

Governance

TA%, %
WA
Statistics and
Mach. Learning

TA

Inter-
disciplinary

Synergies
within NFDI

15 @o(o-o




6 K. Hulek 18:00

1

TA
S MaRDI Portal 0. Teschke 15:00
Create and provide Services P. Scharf 15:30

1 2 3 4

M. Horn 12:00 S. Rave 12:30

I_\IuUI 1Iuhinnio

| 1 C. Lehrenfeld 16:30 '

Mathematical Models

| - . U. Lucke 17:00
Workflows
| | | B D. Iglezakis, 17:30

T




MaRDI Layer Architecture for FAIR data

X1: Core

L T
>.Core =
ope(@‘o\ X3: Exchange
Knowledge

X4: Knowledge




Existing MaRDI Services

Examples for
- p
Services
- N
~_ ) - ~ Examples for
< o Infrastructures
-\\\_\- /// i
S @ e




Integration of Federated Services into MaRDI Portal

Located @Provider-Site

~ ~ ~/

Located
@ZIB < 1
q ~
. I y
\T/ ~__ N \\/
\\/ 2 \/\ X
~ G User

Examples for
Services

Examples for
Infrastructures




Value-Chain for New Services for Data, Research and Knowledge

Located @Provider-Site

N ~— ~/
|
Focated Examples for
@ZIB \V Services
\\( NN
St ot T
S \\/ ~I~ AN
\\/ \\/ < 1 Examples for
| . 4 > Infrastructures
: \\/ \ User
\ Query

Planned

Services: Data Research Knowledge
® Repositories for ,
Computer Algebra
® |ibrary of Benchmark Data
® Persistent ldentifier Registry




Value-Chain for Integration With External Services

Located @Provider-Site

N ~ ~/

|
Focated <{ Examples for
@zIB < 1 Services
<
< \\,/ \\
d L [~ ). \\/
‘ @ Y N Examples for
S a4 Infrastructures
~ - \ User
~_ Query
Planned

Services: Data Research Knowledge
® Repositories for ,
Computer Algebra
® | ibrary of Benchmark Data
® Persistent Identifier Registry



MaRDlI for Other Disciplines

Mathematics Results of MaRDI
Triggers
e gg
New
Research
PUNCH4 NFDI;
NFD]
NFDI4-
Dat NFDI4-
lence lture
laRD
Leibniz Network
Mathematical
E Modeling and
Simulation BERL
DNFL NEDI-

Other
Disciplines
Triggers
ag -
New
Research
NFDI14- mat
In
NFDI-
NFDI|4 latWe

23 @o@oo



Community Integration

Clusters of
Excellence DMV

Research and GAMM/GOR
Infrastructure

Projects W 4--«.\7/

The Mathematics Community Publisher




Engaging the community

6

Engagement with

General Public
| | | | | i

Engagement with Scientific Service and

Information Specialists
| 1 1 i | i

Engagement with Mathematical
Community




Consortium and Competencies

Mathematics
Cross-Disciplinary
Infrastructure
Providers




An Infrastructure for Mathematics-Driven Research of Tomorrow




An Infrastructure for Mathematics-Driven Research of Tomorrow

https://www.mardi4nfdi.de y@mardi4nfdi



Towards a Data Culture for Mathematics and Its Users

FAIR mathematical research data and
confirmable worflows as a foundation for
future mathematics-driven research

* Images: WIAS




