Future Gateway to FAIR Mathematical Data

Dr. Marco Reidelbach

Z I B MMS Days, 28.03.2025 m




Mathematical Research Data Initiative

“I have no data, | am just doing math!”
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Software Reviews

Research Data in Mathematics*

“I don’t know how to assist mathematicians in their RDM efforts.”
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https://zenodo.org/records/6552436

MathRD Across Research
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Model-Simulation-Optimization Workflow*

e Simulating problems using
mathematical models and algorithms.

* Collecting empirical data and
analyzing it computationally.

* Using data-driven methods to extract
insights from existing data.
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FAIR RD REQUIRES FAIR MathRD
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https://zenodo.org/records/6552436
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MathModDB & MathAlgoDB
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https://link.springer.com/chapter/10.1007/978-3-031-81974-2_8

Interdisciplinary Workflows

Logical Data Analysis for Egyptian Objects ¥ Add languages v

Workflow Discussion Read View source View history W Tools v

From MaRDI portal

Workflow:6032641

Workflow Documentation Template:
Available identifiers
* Research Objective
Problem sttement * Processing Steps
Common Destruction Patterns in Egyptian Objects from the Cachette de Kamak ° Data Sets
e ot ot s * Methods (exp/comp)
* Hardware
o * |nstruments
Model » Software
* Reproducibility

Label Description Time Space

Object Comparison Model model comparing objects using a boolean ring over the object properties independent independent

ZIB Interdisciplinary Workflow (Wiki Page on MaRDI Portal)
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Combining Resources
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ringing Services to Researchers

MaRDI Portal MathAlgoDB / MathModDB

Statements Propose additions to the knowledge graph
instance of § quantity Fedit Category: | ModelOrder Reduction v ‘ J m
~ 0 references Select class:
+ add reference Algorithm .

AP © Add new subject

ve [ remove X cancel @

qe>
o

defining formula G_{m,n} \equiv \begin{cases} \frac{W_{m,n}}{P_m} +
\frac{W_{n,m}}{P_n} \quad &\text{for} \quad m\neg n\
\\frac{W_{m,m}}{P_m} \quad &\text{for} \quad m = n

\end{cases} Graph Query

+ add qualifier

Additions

First, select to query the whole graph (allfields) or select  specific field of applied mathematics.
~ 0 references

+ add reference 1.Field: Al Fields v
+ add value Second, form a question by selecting from the given options, for example: Which [Algorithm] [solves] [Linear Problem (Ax=b)] 2 Answer

2.Query: Which Algorithm v solves s (Select object) ~ ?

«'s*. MaRDIQueryService E= Examples @Help |~ £ More tools | ~ Query Builder

(Select object)

SELECT ?MathematicalModel Combined State and
WHERE { Parameter Reduction

blem mode d by Math

g - - Tomography
wd: Q6684658 wdt:P1513 ?MathematicalModel.
Construction of a
} Reduced Basis for
Parametric Differential

Computerized

Query

Diverse Services - Varying Requirements - Fragmented User Experience
ZIB

ZUSE INSTITUTE BERLIN

v



RDMO as Connector

» Established DMP / SMP Software

RDMO * Already used in many Research Institutions

e 2/3 of NFDI Consortia want to use RDMO

Research Data Management Organiser?®

Customization through Catalogs <+——> Customization through Plugins

2use msry m


https://rdmorganiser.github.io/talks/egu2017/#1

Development of MaRDMO

Interdisciplinary Workflow Documentation (MMS Days 2023)
- important aspects integrated in knowledge graph

Interdisciplinary Workflow + Mathematical Model + Algorithm Documentation
- Separate catalogs, complete automating scheme,
dynamic wikipages
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MaRDMO Plugin (1)

ltem in MaRDI Portal? MaRDI Portal
Wikidata
P NA MathModDB KG
W °s Query  MathAlgoDB KG
_ _ Workflow —> athAlgo
ltem in other Source? Use it! Catalog 4—— Crossref
Add Data DataCite
DOI
%5 % = ZbMath
_ Xport
Use it! Create new ltem! l P ORCID

MaRDI Portal
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MaRDMO Plugin (1)
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Search Model Workflow
Catalog Catalog Catalog

Algorithm
Catalog

1l ; ¢ '

All Services MathModDB MaRDI Portal MathAlgoDB
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Model Catalog

Research Problem

Select, define and relate research problems associated with the mathematical model.

ame tabs may be used later on ot
5 in the top righ

2 new tab using the green button

S @
Select a Research Problem related to the Mathematical Model!

For all research problems "label (description) [source]” is provided. If a research problem is chosen, WAIT until further information are

added to the questionnaire. If no appropriate research problem is present in MathModDB, the MaRDI Portal or Wikidata, choose 'not Query d Iffe re nt Sou rces

found'.

Identify destruction rules in ancient egyptian objects (common destruction patterns in ancient egyptian objects from the 'Cachet..#

Research Problem Information

All available Information added automatically

Name of the Research Problem

Identify destruction rules in ancient egyptian objects

Description of the Research Problem

common destruction patterns in ancient egyptian objects from the "Cachette de Karnak' suggest that specific rules govern th . .
Information Section

Research Field containing the Research Problem?

For all research fields "label (description) [source]” is provided.

Please enter your ent d remove them using the blue cross ()

Egyptology (scientific study of ancient Egypt) [mathmaoddb] ré > Informatlon added to Research Fleld Page

Research Problem - Research Problem Relations
Optionally, user-defined research problems and research problems from MathModDB can be related to each other.

n button and remove them using the blue cross (x). Optl On aI Relatio nS

ine by line. You can add u

sing the green buttor

Please enter your en

s block b k. You can add blocks using the gre

=+ Block

Page from Model Documentation Catalog

ZUSE INSTITUTE BERLIN
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Automating the Catalog

/ Mathematical Model \
/ Research Problem / Computational Task

Research Field Mathematical Formulation \

Automation Scheme in Model Catalog
Quantity [Kind]
* Provide complete Information
* Prevent Duplications
* Existing Items as Templates for new Ones

P
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What about Publications?

—>

c MathModDB «—
S A .
© MathAlgoDB — 7 =T
2 Do
®  MaRDI Portal — >
& -
S Wikidata «— >

DOI / URL —

Citation Information stored in Background.
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MaRDMO Export

Rules and Pattern Algorithm

Algorithm

Select, define and relate algorithms

Buchberger's algorithm

You can add a new tab us

g the green button

0 + Class:

s Algorithms

Select an Algorithm!

Algorithm
For all algorithms "label (description) [source]" is provided. If an algorithm is chosen, WAIT until further information are added to the
questionnaire. If no appropriate algorithm is present in MathAlgoDB, the MaRDI Portal or Wikidata, choose 'not found"
4 5
Buchbergers algorithm (lgorithm) (mathalgodty - Al: Buchberger S algorlthm
Properties

Algorithm Information

Description: algorithm
Name of the Algorithm MathAlgoDB ID: mardmo41

Buchberger's algorithm

- Comment: algorithm

. < » i X ..solves @
R Relations to Algorithmic Problems
algorithm
- Compute Grobner Basis for an Ideal
Algorithmic Problem solved by the Algorithm solves: AP1

For all algorithms *label (description) [source]" is provided.

Please enter your entries line by line. You can a using the green button and remave them using the blue cross (<)

Relations to Software s component of - @

Compute Grobner Basis for an Ideal (reducing a set of polynomials or relations to a canonical, simplified form (the Grébn# x

' RAP Algorith
_— implemented by: 51 - gorithm

Software implementing the Algorithm

For all software "label (description) [source]” is provided.

Please enter your entries line by line. You nes using the green button and remaove them usi RElatiUnS tD Algm‘ithms ...is implemented by (i ]
OSCAR (No Description Provided!) [mathalgodb] x
/ component of: A2 -+ OSCAR

Documentation » Preview » Export
Rest API (OAuth2)

SPARQL INSERT

ZUSE INSTITUTE BERLIN
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Sharing and Finding MathRD (I)

Si=0/1(small/large); C=0/1 (blue/red); Sh=0/1 (triangle / circle)

(D)

o

c A _ Si+ C + Sh (“too complex”)

L% P f SIC(Sh+1) Grobner Basis q Sh2 + Sh (trivial)

- Ez = (g!Ii)CCSJrhl Ghagy O BoSlean Ring CSh + Sh  if obj blue, it's triangle.
e A 3 = (Si+1)(C+1)( ) C2+C (trivial)
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Sharing and Finding MathRD (Il)

“Destruction patterns suggest underlying rules.”
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“Which model is used to extract rules?”

@ R D M O Workflow published>

_ _ on MaRDI Portal
Object Comparison Model

o|pjiopn Areundiosipiaiug

RAP Algorthm e —
Z1B ) gonthm = - - SHIV NN
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https://www.ifao.egnet.net/bases/cachette/docs/Cachette_Leaflet_english.pdf
https://www.ifao.egnet.net/bases/cachette/
https://www.ifao.egnet.net/bases/cachette/
https://www.ifao.egnet.net/bases/cachette/

Sharing and Finding MathRD (l1)

Now:

N . ] ls concentration of
substance higher/

lower than threshold?

Before:

Is object small, large,
red, blue, etc...?

W
Blood Sample® Results com-
parable to es-
tablished sta-

“Which workflow is used to extract rules?” tistical methods.
Workflow published .
@ R D M O on MaRDI Portal > Mathematics
. . . . Egyptology
Logical Data Analysis for Egyptian Objects Medicine

zuslesry N\


https://www.istockphoto.com/de/fotos/blood-analysis
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Outlook

Add further MaRDI Services: "\FCII
 CSE WOI‘kﬂOWS Data Management Plans

for the German National Research
o . Data Infrastructure

Add other Services:

* Sensor AWI
Basic Service DMP4NFDI’
* Harmonize MaRDMO Catalogs
* Al Publication Import
* Generate new Workflows from existing Workflows

19

Provide MaRDMO Plugin through MaRDI RDMO Instance
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https://base4nfdi.de/projects/dmp4nfdi

MaRDI RDMO Instance

m Feedback Language =

RDMO MaRDI4NFDI

A tool to support the planning, implementation, and

organisation of research data management.

Welcome to RDMO

The tool enables researchers that use mathematical data to create a data management plan (DMP) for their research project. After
logging in and a one-time activation of your DFN account, you can choose from several templates that guide you through the different

aspects of a DMP. In addition, the MaRDMO Plugin allows a seamless integration of individual documentations into the MaRDI Portal

and other MaRDI services.

We appreciate your feedback

rdmo@mardi4nfdi.de

Maintenance window

Tuesday 6:30 am - 8:30 am

ZUSE INSTITUTE BERLIN
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Thank you,
for your Attention!
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