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Reproducibility Crisis

Don’t know

Reproducibility Crisis

No, there is no crisis Yes, a significant crisis

Replicate same researcher, same lab, same experiment

~~ same result 1 5 76

Reproduce different researchers, their own labs, same researchers surveyed
experiment
~~ same result

Reuse different researchers, their own labs, adapt to their
experiments
~+ new discoveries

Yes, a slight crisis

B

Baker, M. 1,500 scientists lift the lid on reproducibility.
Nature 533, 452-454 (2016). https://doi.org/10.1038/533452a
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Reproducibility Crisis

Don’t know

No, there is no crisis Yes, a significant crisis
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researchers surveyed

Yes, a slight crisis
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FAIR Principles

Unique and persistent identifier (e.g.

DOI)
Rich metadata (machine-readable)

Indexed in a searchable resource

Accessible via standard protocols
Transparent access

Accessible metadata

~N

Findable Reusable

Accessible Interoperable

J

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

Documentation and precise attributes
Proper licensing
Detailed provenance

Adhere to community standards

Standardized language for knowledge
representation

Vocabularies and ontologies

References to other data
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AIR Principles
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NFDI: The German National Research Data Initiative

Afdi -

26 consortia across the disciplines
Base4NFDI alliance for basic services

90 million € annual budget

Nationale « Organized as “eingetragener Verein”
Forschungsdaten * Members are participating institutions
Infrastruktur
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MaRDI: Mathematical Research Data Initiative

= The one consortium of mathematics

= 16 institutions and partners

= Kick-off November 2021

= 28 (full-time equivalent) employees

= Funding over a period of five years
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MaRDI: Mathematical Research Data Initiative

= The one consortium of mathematics

= 16 institutions and partners
- Kick-off November 2021 Exchange

= 28 (full-time equivalent) employees

o2l Accessip.

= Funding over a period of five years

Knowledge
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MaRDI | Organizational Structure

MaRDI Portal

Create and provide Services

Algorithms

1 1
Mathematical Models
1 1

Workflows
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MaRDI | Task Area 2: Measures and major objectives

Objects / Data
problem

input
model
benchmark
algorithm
output
solution

visualization

M1 Knowledge Graph of
Numerical Algorithms

M2 Open Interfaces for
Scientific Computing

M3 Benchmark Framework

M4
Description
and Design
of FAIR CSE
workflows

TA2 Objectives

Verified research data in scientific
computing and its fields of
application

FAIR principles for computer-based
experiments and the entailing data
Ontology of mathematical objects
Confirmable workflows for
trustworthy computations
Dissemination of numerical
methods and algorithms
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MaRDI | Task Area 2 | Measure 3 : Benchmark Framework

Database Curation
Define benchmark instance and “algorithm isotope”

Determine important searchable attributes and
aggregate metadata
Automate curation process to avoid human error

Community Engagement
Ensure proper licensing

Choose file-naming schemes and standards that are
FAIR' and conform to community traditions
Encourage researchers to contribute
their data, provide feedback, and
Benchmark Framework conform to standards
Identify domain-specific aspects of each
module

KISS?: Reduce barriers to cooperation
by providing workflows, GUIs,

Choose intuitive and informative easy-to-follow guidelines, etc.
performance measures

Develop platform-independent interfaces

" https://www.go-fair.org/fair-principles/ 2Keep It Simple, Silly https://en.wikipedia.org/wiki/KISS_principle



https://creativecommons.org/licenses/by/4.0/deed.en
https://www.go-fair.org/fair-principles/
https://en.wikipedia.org/wiki/KISS_principle

MORWiki: A community platform for curated benchmark collection

= Description of basic MOR methods. = Encourage community engagement lowering contribution barrier
= Collection of curated benchmark examples. = Ensure proper content licensing
= Detailed description and comparison of available MOR techniques. = Ensure proper citation and references

= Aggregate MOR literature and BibTeX data.

Q http://modelreduction.org PR
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Main Page © vewsource |~ (3 oiscussion

Welcome to the MOR Wiki

Cantents
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MORWiki | Example: Steel Profile Benchmark

= A semi-discretized heat transfer problem for optimal cooling of steel
profiles.

= The models order differs due to four different refinements applied to the
computational mesh.

= Uses ALBERTA based FEM descretization with P1 elements.

= This benchmark is part of the Oberwolfach Benchmark Collection,
#38881.

http://modelreduction.org

Seatch MOR Wik

\ MOR Wiki

= wonwaa - cownny - @ exeione -

Steel Profile

Contents

1 Descrpton: A Sem.-dicretzed Heat Tranter Prooem for Optmal Cooing of
Steet Prtios
1.1 Mogel Equatons
12 Discetizect Model
2 Ackwoutedgements
3 orgn
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Description: A Semi-discretized Heat Transfer
Problem for Optimal Cooling of Steel Profiles

Q &~
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@ vEwsouRcE | v (1 Discussion

Steel Profile
Background
BenchmarkiD  sieelProfie_n1357n7g6
SteslProfie_nb177m7a6
stoslProfie_n20209m7c6.
stoslProfie_n79841m7cs.
Category  oborwoliach

System Class  LTIFOS.

Parameters
nstaes. 1357
77
20200
7841
ninpus
noutputs 6
components  4,8,C, E
Copyright

11/20


https://creativecommons.org/licenses/by/4.0/deed.en
http://modelreduction.org

MORWiki | Example: Steel Profile Benchmark

= A semi-discretized heat transfer problem for optimal cooling of steel

profiles. //modelreduction.org
= The models order differs due to four different refinements applied to the S aQ a-
computational mesh.
| MOR Wiki A2
= Uses ALBERTA based FEM descretization with P1 elements. T e commnm - @ oone
= This benchmark is part of the Oberwolfach Benchmark Collection, Steel Profile @ wiwsoince | [[¥] ) oscusson
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MORWiki | Example: Steel Profile Benchmark

= A semi-discretized heat transfer problem for optimal cooling of steel
profiles.

= The models order differs due to four different refinements applied to the
computational mesh.

Uses ALBERTA based FEM descretization with P1 elements.

This benchmark is part of the Oberwolfach Benchmark Collection,
#38881.

//modelreduction.org
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MaRDIMark

= Generic extensible toolkit specification = Connect with Knowledge graphs
= Language agnostic interoperability = Use open interfaces

= FAIR comparison among different algorithm implementations = Confirmable workflows

= Flexible performance measures = Integrate into MaRDI portal

= Versatile visualizations of results

N N N N N

Examples Algorithms Driver Analyzer Explorer

Implements interfaces to
algorithms, fills parameters,
executes benchmark runs and
collects raw data for results.

Contains example code,
parameters and problem
descriptions of unique problem
instance.

Generates visualizations and
human-readable,
platform-independent reports.

Includes code, descriptions of
software and metadata of
unique algorithm isotopes.

Performs post-processing and
evaluates performance
measures on raw result data.

A generic, extensible benchmark framework specification
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MORB: Model Order Reduction Benchmarker

= A MaRDIMark implementation for Model Order Reduction community.
= Simple proof-of-concept to get feedback.
= Serve as a template for other mathematical communities.

= Focus on Linear Time-Invariant, First-Order Systems (LTI-FOS).

Linear Time-Invariant (LTI) System

Challenges
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Collection and classification of benchmarks
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MathBench | Evaluating Collections

FILE FORMATS

N
R I R A N O

LICENSES
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MORB | Interface

{
ot {
- —v3.0":
° Jzess v L from morb.driver import Benchmark
import morb.analyzer
" der": 100,
“::i;?rlzis import morb.explorer.plot
3 ) import morb.explorer.report
{ )
htolt: le-12 # Set up problem and algo_isos
3 prob_id = 'newEngland_n66miql’'
] algo_iso_json = f'configs/{prob_id}.json'
"o-morlab-v6.0": [
{ # Run benchmark and compute measures
T benchmark = Benchmark(prob_id, algo_iso_json).run()
3 . measures = morb.analyzer.calc_meas(benchmark)
1’ ort: [ # Generate all plots
Py‘l‘I[l ) morb.explorer.plot.make_all_plots(measures)
"tol": le-6
3 ° € # Generate report
] morb. explorer.report.make_tex(measures)
} Python-based easy-to-use interface
}

JSON-based readable input files
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MORB | Explorer

= Measures: Timings and Error
= Plots: Error, Bode Plots, Sigma plot and Frobenius plot.

= TeX Report: autogenerated with specifications, simple formatting and system
information.

= PDF Report: Easily distributed and viewed.
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Closing Remarks
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MaRDI TA2 Team
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Peter Benner
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Interplay with other Consortia
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