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Publications relying on software
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of papers indicate
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Use of research software
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The typical scientific developer

* highly educated

» finds it easy to learn programming languages

(university courses and/or self educated)
* no formal education in software engineering
» prefer writing software themself
* no reputation for developing software
+ software itself has no value - only a tool for domain specific research

» time pressure: publish or perish

» doesn’t sees her- or himself as a software developer
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Growing demands on scientific software

increasing complexity (e.g. multi physics, multiple groups)
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Growth in technology vs. software development paradigms
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Take Home Messages

In accordance to Wirth’s law one can argue:

“Software systems grow faster in size and complexity than methods

to handle complexity are invented.”
[Niklaus Wirth, "A Plea for Lean Software”, 1995]

» We need to make the best possible use of the software development
techniques available to cope with the growth in complexity.

“The gap between the best software engineering practice and the average
practice 1s very wide — perhaps wider than in any other engineering
discipline. [...] The difference between the the great and the average
approach an order of magnitude.”

[Frederick P. Brooks, No Silver Bullet: Essence and Accidents of Software Engineering, 1987]
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Productivity Crisis

+ floating point performance is constantly rising
« time-to-solution is inceasing

» scientists spend 50% of the time finding bugs
[P. Prabhu, A Survey of the Practice of Computational Science, 2011]

N

---design payoff line

cumulative functionality

down here it might be worth
trading design for earlier results ...

time

A

Design Stamina Hypothesis
https://bit.ly/2A64CAR
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Productivity Crisis

“The only way to go fast is to go well.”

Robert C. Martin
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Credibility Crisis

Questionable reliability, accuracy, reproducibility and verifiability of the results

W12 Aprd 2013, 1231 CEST

FAQ: Reinhart, Rogoff, and
the Excel Error That Changed
History

By Peter Coy
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SCIENTIFIC PUBLISHING

Papers in economics ‘not

reproducible’

Fears that discipline is particularly susceptible to statistical *hacking’ of data to

gain a positive result
October 21, 2015

By David Matthews

Twitter: @DavidMjourng

At least half of papers in economics are

A Scientist's Nightmare: Software
Problem Leads to Five Retractions

Until recently, Geoffrey Cnanghuwwm
a trajectory most young ly dream

2001 Science paper, which deseribed the struc-
ture of i

about. In 1999, at the age of 28, the protein
crystallographer landed a faculty position at
the prestigious Seripps Research Institute in
San Diego, California. The next year, ina cer-
emaony at the White House, Chang received a
Presidential Early Carcer Award
for Scientists and Engineers, the
country's highest honer for young
researchers. His lab gencrated 2
stream of high-profile papers
detailing the molecular structures.
of important proteins embedded in
cell membranes.

Then the dream turned into a
nightmare. In September, Swiss
researchers published a paper in
Nature that cast serious doubt on a
protein structure Chang's group
had deseribed in a 2001 Science
paper. When he investigated,
Chang was horrified to discwc:
thata homemade
gram had flipped two mlumns of
data, inverting the electran-density

map from which his team had

‘bacterium Escherichia coli, MsbA bek

huge and ancient family of molecules that use
energy from adenosine triphosphate to trans-
port molecules across cell membranes. These
so-called ABC transporters perform many

Sciences and a 2005 Science paper, described
EmrE, a different type of transporter protein.

Crystallizing and obtaining structures of
five membrane proteins in just over § years
was an incredible feat, says Changs former
postdoc adviser Douglas Rees of the Califor-
nia Institute of Technology in Pasadena. Such
proteins are a challenge for crystallographers
because they are large, unwieldy, and notori-
ously difficult to coax into the erystals
needed for x-ray crystallography. Rees says
determination was at the root of Changs suc-
cess: “He has an incredible drive and work
ethic. He really pushed the field in the sense
of getting things to crystallize that
no one else had been able to do.”
Changs data are good, Rees says,
but the faulty software threw
everything off.

Tronically, another former post-
doc in Rees's lab, Kaspar Locher,
exposed the mistake, Inthe 14 Sep-
tember issue of Nature, Locher,
now at the Swiss Federal Institute
of Technology in Zurich, described
the structure of an ABC transporter
called Sav] 866 from Staphylococcus
aureus. The structure was dramati-
cally—and unexpectedly—differ-
ent from that of MsbA. After
pulling up Sav1866 and Chang’s
MsbA from 5. typhimeeriim on a
computer screen, Locher says he
realized in minutes that the MsbA

derived the final protein structure.  Flipping fiasco. The structures of Mshl(vurwle) and Sav1866 (green) overlap  Structure was inverled.
Unfortunately, his group had used  ltle ief) until MsbA is inverted (right

the program to analyze data for

Interpreting
the “hand” of a molecule is always
a challenge for crystallographers,

+cent of papers

ludes.

7%

Don't know

3%

No, there is no crisis

|S THERE A

REPRODUCIBILITY
CRISIS?

A Nature survey lifts the lid on
how researchers view the ‘crisis’
rocking science and what they
think will help.

BY MONYA BAKER

5

529

Yea significant

38%

1,576
RESEARCHERS SURVEYED

https://go.nature.com/2DgtDKR
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SURESOFT-Approach
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Common problems of research software

1. Software has low code quality
2. Software is neither published nor documented

3. Software depends on a specific runtime environment (e.g third party libraries),
which may not be available to other researchers
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Software sustainability

Software Sustainability

Reproducibility
Endurance
Evolvability
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Education

Documentation

Software Engineering

SURESOFT Approach for Sustainable Software

Infrastructure & Methods

Version Control

Archiving &
Publication

Cl &

Virtualization

Principles Automated Testing
_ : Installation &
Testing Issue Reporting
Deployment
ok,
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Container technologies

Container Container Container

» Docker in ClI, Singularity in HPC
* Encapsulate entire runtime environment, including dependencies

« Easy to share and use Ensures reproducibility

Container Runtime

» Scripted environment provides basic documentation
oS

Hardware
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Version Control

» Track and manage changes of source code

« Commits create versions with unique identifier,
documenting changes over time

« Enable collaboration through centralized repository
hosting platforms (e.g. GitLab)
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Continuous integration

Local
development

Yes Cl Server:
Commit to main Build & Test in production
environment

A
No ¢

Local compiling
and testing

No

Tests pass?

\_A_/

{ Fix bugs

Yes

On to the next
Jacamar ClI: https://qitlab.com/ecp-ci/jacamar-ci feature!

HPC-Rocket: https://github.com/SvenMarcus/hpc-rocket
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Continuous analysis

Create : :
Configure Continuous
base ; . :
. Integration with Container
Container
Cl Server: : :
: : : Extend Container with
Commit Compile & Test in :
) compiled Software
Container

https://doi.org/10.1038/nbt.3780
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Publication & Archiving

» publish & archive the source code and the compiled executable together with a complete runtime
environment in an accessible repository

» provide meaningful metadata including a unique identifier (DOI) to ensure citability, findability and reusability
according the FAIR principles.

I%dable Accessible nteroperable Reusable
9 Y
/O % oo 2
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SURESOFT workflow

Technische

Universitit
Braunschweig

Data and Software Platform

Repository

i Research Archival-Cl

®

Re-execute tests
and experiments

Archive experiments Report results

and SW artefacts

O O

Researchers

Test Cluster [

Establish environment

Sustainable Software Development $3

®

Trigger cluster tests

©

T
'
1
'
1

Download and

execute latest version

@

Report testing results

Image
Repository

Development-Cl
Platform

Trigger tests 5
Version

Control

Update image
repository

Commit changesI @

O O

Report
problems

Bug Report and
Localization
o s
Service :qp:

™ Academic software

developers
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Education & Support

Documentation

Write a
failing test

Software Engineering Principles:

+ SOLID

» Design Patterns

* Testing, TDD dOCker

* Version Control & CI

Refactor

+ Containerization
» Research Data Management & Long-term archiving

» Software Licensing
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Workshops — Every 4 Weeks

Version Control using Git - June 13

Clean Code and Refactoring - July 11

Introduction to Software Testing - August 8

Introduction to Continuous Integration (Cl) using GitLab, Github and Containers — September 5
Principles of Software Engineering — October 3

Introduction to Design Patterns — October 31

Working with legacy code — November 28

Test Driven Development — January 23

Documentation — February 20
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Conclusion & Future Work

* The project has been running since 2020 with five software projects from different fields
» We started establishing a workflow and infrastructure and applied it to selected projects

» We are currently working on guidelines for sustainable research software to support research
software developers

» Workshops about software engineering principles and modern tools within TU Braunschweig

« Eventually expand beyond TU Braunschweig to share what we have learned
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