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https://xkcd.com/844/ — “Good Code” by Randall Munroe

Best practice is HARD [

HOW TO WRITE GOoD CODE:

www.software.ac.uk

* |t's not easy to understand how
to produce good software

* One size doesn’t always fit all

* Best practice requires more
than just one person “buying
in” to become widely adopted

Software Sustainability Institute
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Software Sustainability Institute €N
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A national facility for cultivating better, more
sustainable, research software to enable
world-class research

e Software reaches boundaries in its
development cycle that prevent
improvement, growth and adoption

* Providing the expertise and services
needed to negotiate to the next stage

 Developing the policy and tools to

support the community developing and
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Helping the community to
develop software that meets the
needs of reliable, reproducible,
and reusable research

Delivering essential software
skills to researchers via CDTs,
institutions & doctoral schools
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Exploiting our platform
to enable engagement,
delivery & uptake

Collecting evidence i
on the community’s |

software use & sharing
with stakeholders
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address topical issues
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About this talk

Software is ubiquitous, fundamental and diverse

Consequences of “incorrect” software can be
arge

s the issue a cultural one?

How can we get adoption of best practices at
scale?

It’s impossible to do this on your own

Software Sustainability Institute
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No-one intentionally

writes unsustainable
software
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“Sustainable” software i,
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 What is the definition of software
sustainability?
= “will continue to be available in the future, on new
platforms, meeting new needs” - Katz

= “fulfils its intent over time” — Lago

* Tension between fulfilling authors purpose vs
others’ potential needs
Software Sustainability Institute @


https://danielskatzblog.wordpress.com/2016/09/13/defining-software-sustainability/
http://wssspe.researchcomputing.org.uk/wp-content/uploads/2016/06/Lago_keynote.pdf
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Use of software in

research is ubiquitous,
fundamental + diverse




UK software survey 2014
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https://doi.org/10.5281/zenodo.1183562

Software in research papers -

www.software.ac.uk

0)
Searched Eprints repositories 65%

from 31 UK institutions ~ 600k
papers

Displayed the percentage of

papers found to have software-

related terms against all papers

in the repository. 26%
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https://arxiv.org/pdf/1706.06527.pdf
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Long, long, long tail @
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“What software do you use in your research?”

2958 responses (2014-16, 1261 participants)
>10: 35 packages
>1: 304 packages
4 1: 2654 packages

Python, Matlab, R
SPSS, Excel top packages

Percentage of responses

\ http://doi.org/10.5281/zenodo.60276
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Software is important
but often overlooked
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Consequences of

“incorrect” software
can be large
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Reinhart, Carmen M.; Rogoff, Kenneth S. (2010). "Growth in a Time of
Debt". American Economic Review. 100 (2): 573—

78. doi:10.1257/aer.100.2.573
https://qz.com/75035/fixing-this-excel-error-transforms-high-debt-




A Populations 40 - O
A Mota c
= Khoisan Cg) e) @
3 ¢ * Biaka and Mbuti
8. o :
ntu E Africa
0.02 ® : O
- A Oru‘ - Bantu S Tﬁfnca s
o= (] a B * West Africa
= [
~ 0.00 4 ® Nilotic
% @
-~ P: P * Hadza (@) (9 ©
® '] o —_ —
£ i * » .Y e e o ® Sandawe 2 )
L ] - [ ] =
-0.02 - '35ef 3o ® A 2 O
* - e ¥ 1% 3 @
: e quﬁaﬁ’ea Pl e‘g):’ %‘g@ Co X ® Omotic S 5 O
e A° 0 Snond i, THgd @
. . - = : £ * Cushitic g %
=0.02 0.00 0.02 0.04 0.06 0.08 it = 0.06
PC2 (1.33%) e 3 -
* Middle East 0.04
Europe @
0.02 ©)
B -20-
0.00 .
Ari Blacksmith - —— | ®
Ari Cultivator = = | ®
Gumuz - -@— |
Wolayta - T
Anuak - o | -40- ' ) | )
- Sudanese - D | -20 0 20 40 6
o Oromo - —— Longitude (degree)
S Eth. Somali- @
8’ Amhara = O
Somali = —@—
Tygray - o H
ol e Llorente et al. Science, 350, 6262

it 8 .~ doi:10.1126/science.aad2879

Hadza -
Yoruba = @- |

The results presented in the Report “Ancient Ethiopian genome reveals
extensive Eurasian admixture throughout the African continent” were
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SCIENTIFIC PUBLISHING

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

Until recently, Geoffrey Chang's career was on
a trajectory most young scientists only dream
about. In 1999, at the age of 28, the protein
crystallographer landed a faculty position at
the prestigious Scripps Research Institute in
San Diego, California. The next vear, in a cer-
emony at the White House, Chang received a
Presidential Early Career Award
for Scientists and Engineers, the
country's highest honor for young
researchers. His lab generated a
stream of high-profile papers
detailing the molecular structures
of important proteins embedded in
cell membranes.

“a.-homemade data-
analysis program had

flipped two columns”

O YOI FTE TV roe v g

Chang was horrified to discover .
thata homemade data-analysis pro-
gram had flipped two columns of
data, inverting the electron-density
map from which his team had
derived the final protein structure.

the nrooram 1o anslvee data for

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 5 years
was an incredible feat, says Chang's former
postdoc adviser Douslas Rees of the Califor-

“« ’
2001 Science paper, which described e str-« CN@NE’S data are.good...
ture of 2 protein called MsbA, isolated from
bacerium Bschenchia ol Mo belongst. DUT the faulty software
huge and ancient family of molecules that l 7
energy from adenosine triphasphate to tra-- LN FEW. €VeErything of

port molecules across cell membranes. These
so-called ABC transporters perform many

L |
cthsl He really pushed the field in the sense

of getting things to crystallize that
no one else had been able to do.”
Chang's data are good, Rees says,

but the faulty software threw

everything off.
J.I.'l.n\.l.ll.\pﬂ.l.l.'f,

doc in Rees's lab, Kaspar Locher,
exposed the mistake. In the 14 Sep-
tember issue of MNarure, Locher,
now at the Swiss Federal Institute
of Technology in Zurich, described
the structure of an ABC transporter
called Sav1 866 from Staphvlococcus
aureus. The structure was dramati-
cally—and unexpectedhy—differ-
ent from that of MsbA. After
pulling up Sav1866 and Chang’s
MsbA from 5. typhimurium on a
computer screen, Locher says he
realized in minutes that the MshA

lipping fiasco, The structures of Msha (purple) and Savi&66 (green) overlap  Structure was inverted. Interpreting
Little (left) umtil MsbA is inverted (right).

the “hand” of a molecule is always
a cshallenee for crvetalloemnhers

www.software.ac.uk
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Mistakes in software

erode trust in research
and researchers
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Is the issue a cultural
ohe’?




Sharing is key to reproducibility @

www.software.ac.uk

* Improves transparency “Deep intellectual
 Improves understanding contributions now encoded

e Elimination of errors only in software” — Stodden

* Encourages collaboration “Scholarship is the full
 Easier on-ramping software environment, code
and data, that produced the

e Improves trust result” — Claerbout

FAIR Software?
Software Sustainability Institute M



Of 601 papers in ACM Computer Science journals and proceedings,

only 85 provided a link to software. 1%[] - OK™ OK™
. Gid 23 www.software.ac.uk
For 176 the software could not be obtained.
NC HW
63 30
Build
fails
9
].-:K n EMI'I(.I
106 Eﬁ]{ 146

Collberg, Proebsting, Warren, University of Arizona TR 14-04, 2015
http://reproducibility.cs.arizona.edu/v2/RepeatabilityTR.pdf




Culture change is hard [
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SClence In 2011 Science changed its editorial policies:
AVAAAS

“We require that all computer code used for modeling and/or
data analysis that is not commercially available be deposited
in a publicly accessible repository upon publication.”

“After publication, all reasonable requests for data, code, or
materials must be fulfilled.”

Stodden, Seiler, Ma. An empirical analysis of journal policy
effectiveness for computational reproducibility

https://doi.org/10.1073/pnas.1708290115 Software Sustainability Institute



https://doi.org/10.1073/pnas.1708290115
http://www.sciencemag.org/authors/science-journals-editorial-policies

Culture change is hard o

www.software.ac.uk

SCience Table 1. Responses to emailed requests (n = 180)

AVAAAS Type of response Count Percent, %

Did not share data or code:

Contact another person 20 11
Asked for reasons 20 1
Refusal to share 12 7
Directed back to supplement 6 3
Unfulfilled promise to follow up 5 3
Impossible to share 3 2
Shared data and code 65 36
Email bounced 3 2
No response 46 26

Stodden, Seiler, Ma. An empirical analysis of journal policy
effectiveness for computational reproducibility . . .
https://doi.org/10.1073/pnas.1708290115 Software Sustainability Institute
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Culture change is hard [

www.software.ac.uk

Science

AVAAAS

“There appeared to be some confusion among authors, some of
whom seemed to be unaware of Science’s data and code sharing
requirement. We can most easily demonstrate this with some
anonymized author responses that highlight some of the barriers
to sharing they perceived:”

Stodden, Seiler, Ma. An empirical analysis of journal policy
effectiveness for computational reproducibility

https://doi.org/10.1073/pnas.1708290115 Software Sustainability Institute
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Culture change is hard

www.software.ac.uk

o
S “Normally we do not provide this kind of information to people we do not know.
Cl( !I IC( E It might be that you want to check the data analysis, and that might be of some

&‘ AAAS use to us, but only if you publish your findings while properly referring to us.”

“Thank you for your interest in our paper. For the [redacted] calculations | used my own
code, and there is no public version of this code, which could be downloaded. Since this code
is not very user-friendly and is under constant development | prefer not to share this code.”

“I have to say that this is a very unusual request without any explanation! Please ask your
supervisor to send me an email with a detailed, and | mean detailed, explanation.”

“When you approach a Pl for the source codes and raw data, you better explain who you are,
whom you work for, why you need the data and what you are going to do with it.”

Stodden, Seiler, Ma. An empirical analysis of journal policy
effectiveness for computational reproducibility . . .
https://doi.org/10.1073/pnas.1708290115 Software Sustainability Institute
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“Perceived” importance [

www.software.ac.uk

* “It has been said ... that writing a large piece of software is akin to building
infrastructure such as a telescope rather than a creditable scientific contribution...”

 “software development [is] often discounted in the scientific community, and
programming is treated as something to spend as little time on as possible”

e “Serious scientists are not expected to carefully test code, let alone document it, in
the same way they are trained to properly use other tools or document their
experiments”

= Stodden, V., Bailey, D. H., Borwein, J., LeVeque, R.J., Rider, W., Stein, W. “Setting the
Default to Reproducible Reproducibility in Computational and Experimental
Mathematics”, ICERM 2013, February 2013.

Software Sustainability Institute M




Barriers to Data and Code Sharing
in Computational Science

Survey of Machine Learning Community, NIPS (Stodden, 2010):

Code Data
77% Time to document and clean up 54%
52% Dealing with questions from users 34%
44% Not receiving attribution 42%
40% Possibility of patents -
34% Legal Barriers (ie. copyright) 41%

- Time to verify release with admin 38%
30% Potential loss of future publications 35%
£]0)74 Competitors may get an advantage 33%
20% Web/disk space limitations 29%

"€10C MDSD ,,uoildNpo.d a1emyos
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http://www.stodden.net/AMP2011/

It’s still all about reputation &M

www.software.ac.uk

“This particular project was something | wrote a couple years
ago to help me out with a workflow... I’d put it up on Github,
so that others could potentially use it or use the code. So |
went to see what people were saying about this project. It
seemed liked I'd done something fundamentally wrong, so
stupid that it flabbergasts someone... So of course | start
sobbing. Then | see these people’s follower count, and | sob
harder. | can’t help but think of potential future employers

|.n http://www.software.ac.uk/blog/2013-01-25-haters-gonna-

that are no |Onger pOtentla hate-why-you-shouldnt-be-ashamed-releasing-your-code
Software Sustainability Institute @



http://www.software.ac.uk/blog/2013-01-25-haters-gonna-hate-why-you-shouldnt-be-ashamed-releasing-your-code
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One of the biggest

challenges is
educating our peers
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How canh we get

adoption of best
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Box 1. Summary of Best Practices

1. Write programs far people, not comyuters.
A program should not require s readers o hold mare
than a handful af facts in memory at ance.
Make names consiscent, distinctive, and meaningful
Make code style and farmarting consisent.

. Let the compuier do the work.

Make the compater repeat sk
Save recent commands in a fle for rewse.
Use a build ol 1 2uomate workflows.

. Make incrementz] changes.

Work in small steps with frequent feedback and course
correction,

Use & version congrl sysiemn.

Put everything that has been created manually in versian
canirol.

Daon't repeat yourself {or others).

Every picce of dat must hae 2 sngle asthoritave
Fepresentation in the system.
Muochularize code rauther than copying and pasting.
Re-use code instead of rewriting it.

5. Plan for mistakes.

Add assertions o programs to check their operation
Use an off-the-shelf unit tesing Ebeary.

“Turn bugs into test cases

Use @ symbolic debugger.

i, Oprimize safiware anly afier it works correctly.
Use 2 profiler o idensify batlenecks
Wrize code in the highestlevel language passible.
Document design and purpose, not mechanics
Document interfaces and rezsons, not implementations.

Refactor code in preference o explining how & warks.

Embed the documentation for 2 piece af saftware in that
soffware.

Coliaboraze.

Use pre-merge coce reviews
Use pair pragramming when beinging someone new up to
speed and when tackling particularly tricky problems.
Use an ismue racking toal,

e Programs for People, Not Computers

i to write code that
Ix- easily read and undersood
the auhor's fuure wJ'

PLOS Sialagy | www aloshialogy.org
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in accomglish a
B . k programs v
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undersinod, task. This serves to make

[
“Third, scientms should make code style and formatting
comistent fle). If dfferen: pans of @ scienific guper used
erent fo 1d that paper
more difficult m re e, i different pans of 2 program
indenter] dil i pra CamelCase Naming
lenger to read and readers

fiocus while doing this and make mistke
v make the computer repeat tasks
ve rocent commands in a file for veuse (25).

commands,
or eclits in flenames aor parameters. This is ofien c
e muerfaces remain popular (3

pecific set of commands.
seen successfully adoped for scientific work-

s from repearing commands
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Author summary

Computers are now essential in all branches of science, but most researchers are never
taught the equivalent of basic lab skills for research computing. As a result, data can get
loet, analyses can take much longer than necessary, and researchers are limited in how
eifectively they can work with software and data. Computing workflows need to follow
the same practices as lab projects and notebooks, with organized data, documented steps,
and the project structured for reproducibility, but researchers new to computing often
don’t know where to start. This paper presents a set of grod computing practices that
every researcher can adopt, regardless of their current level of computational skill. These
practices, which encompass data management, programming, collaborating with col-
leagues, organizing projects, tracking work, and writing manuscripts, are drawn from a
wide varicty of published sources from our daily lives and from our work with volunteer
organizations that have delivered workshops to over 11,000 people since 2010,

Overview

We present a set of computing tools and techniques that every researcher can and should con-
sider adopting. These recommendations synthesize inspiration from owr own work, from the
experiences of the thousands of prople who have taken part in Software Carpentry and Data
Carpentry warkshops over the past 6 years, and from a variety of other guides. Our recom-
mendations are aimed specifically at people who are new to research computing.

Box 1: Summary of Practices

1. Data Management
a) Save the raw data.
b) Create the data you wish to see in the world.
¢} Create analysis-friendly data.
d) Record all the steps uwsed to process data.
) Anticipate the need to use multiple tables.

7} Submit data ta a reputable DO-issuing repositary so that others can aceess and cite it

2. Software

Place a brief explanatory comment at the start of every program.
Decompose programs iste funetions.
ting duplicati

maintained software lbraries that do what you need.

Test libraries before relying on them,

Glve funetions and variables meaningful names
Make dependencies and reguirements explicit,
h) Do not comment and uncomment sections of code to control a program's behavior.
i) Provide a simple example or test data set
J) Submit code to a reputable DOI-issuing repository.
. Collaberation
a) Create an overview of your project.
) Create a shared public “to-do” list
) Make the license explicit,
d) Make the project citable.
. Project Organization
a) Put each project in its own directory, which is named after the project.
Bb) Put text documents assoelated with the project in the doe directory.

) Put raw data and metadata in a data directory, and fles generated during cleanup and
analysis in a results directory.

d) Put project source code in the ere directary.

e) Put external seripts, or compiled programs in the bin directory.
Name all files to refllect their content or function.

5. Keeplng Track of Changes
a) Back up (almest) everything created by a human being as soon as it s created.
b) Keep changes small
¢} Share changes frequently,
d) Create, maintain, and use a checklist for saving and sharing changes to the project.
&) Btore each project in a folder that is mirrored off the researcher’s working machine.
1) Use a file called CHANGELDG.txt to record changes, and
g) Copy the entire project wk ficant change has bee
h} Use a verston econtrol system to manage changes

. Manuscripts

) Write manuscripes using online tools with rich formatiing, change tracking, and reference
management, OR

) Weite the manuscript i & plain text format that permits version control

www.software.ac.uk


https://doi.org/10.1371/journal.pcbi.1005510
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Foundational skills for researchers @\
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THE
CARPENTRIES

DATA

CARPENTRY

. software
- “carpentry I||[D®

O

Basic lab skills for Basic concepts,
scientific computing; skills and tools
| ~ researchers can do for working
o ® more in less time and more effectively
with less pain. with data.

e B ISR e - o, L

MIEE =" NN EE o =Wl =iim  Open source learning, “Train the trainers”
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Growth of RSE Community o’
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RSE Groups

0 Alan Turing Institute

° University of Bath

0 University of Birmingham

o University of Bristol

0 University of Cambridge

o Culham Centre for Fusion En

0 Imperial College London

Q Francis Crick Institute ¥ RESEARCH SOFTWARE

iversi ENGINEERS ASSOCIATION
0 University of Leeds Un‘rteoQ

o University of Leicester [ " Kingdom
0 The University of Manchester < Inte of e

o Newcastle University

@ The University of Sheffield e Yo b oqo -
o University of Southampton Gt Q °
0 University College London \ 0
Q epcc ' ' ®» 9 0
o Daresbury Laboratory f 9 & : , .
@ Oxford eResearch Centre e '

1211

members

9 Software Engineering Suppo .
29 April 2018

1 Tan 2017 | Tan 201

Slide courtesy of Simon Hettrick Software Sustainability Institute @



RSEs are worldwide o

www.software.ac.uk

¢ Wa nts to WO r k i n a Country Gender PhDs Background |Reason to

o work
research environment cms v s n e
Germany 83% male |48% Physics Research
environment
¢ Wa n tS to a d Va n C e Netherlands  |63% male |56% Comp. sci. N/A
UK 84% male |67% Comp. Research
re S e a rC h sci./physics environment
USA 82% male |60% Comp. sci. Advance
research
¢ Wa n t S to d eve I O p South Africa |92% male |68% Physics Research
environment
S Oftwa re github.com/softwaresaved/international-survey/tree/master/analysis

slide courtesy of Simon Hettrick Software Sustainability Institute @



Guides are popular

-

2N

Software Evaluation Guide (over
65k unigue visits)

Choosing a repository for your
software project (over 50k
unique visits)

How to cite and describe
software (over 25k unique visits)

Developing maintainable
software (over 25k unique visits)

In which journals should |
publish my software (over 22k
unigue visits)

Software Sustainability Institute

www.software.ac.uk

Online sustainability evaluation

The following evaluation is a short, free,
online version of the full sustainability
evaluation that the Institute can perform
for your project.

It takes about 15 minutes to complete
the guestionnaire, which gives you the
opportunity to review the main issues
that affect the sustainability of your
software. At the end of the evaluation, a
report will be generated and emailed to
you with sustainability advice that is
tailored to your project.

All guestions are mandatory and need to be
completed before you can progress through
the evaluation.

But on their own, they don’t ensure
adoption of good practice



DLR.de = Chart 4 = The Software Engineering Community at DLR = Carina Haupt, Tobias Schiauch https://doi.org/10_6084/m9.ﬁgshare.533 1703'V2
Carina Haupt and Tobias Schlauch

German Aerospace Center (DLR)

Numbers
» More than 8000 employees |
» ~20% of DLR employees involved in software development BRAUNSCHWEIG

— DLR is one of the biggest ,software houses” in Germany

Characteristics Goal: Improve

« Variety of sustainability and quality of
. Fields software products

» Maturity How to teach them

» Software technologies software engineering?
» Team sizes

» “Developers” often do not have any training in
software development

i DLR



https://doi.org/10.6084/m9.figshare.5331703.v2

DLR.de * Chart5 > The Software Engineering Community at DLR > Carina Haupt, Tebias Schiauch

https://doi.org/10.6084/m9.figshare.5331703.v2
Carina Haupt and Tobias Schlauch

Software Engineering Initiative of DLR

Software Engineering Initiative of DLR

Knowledge

Experience

Guidelines Trainings Collaboration

Provision

Exchange



https://doi.org/10.6084/m9.figshare.5331703.v2

DLR.de + Chartg > The Scftware Engineering Community at OLR. > Carina Haupt, Tobias Schlauch https ://doi.org/10.6084/m9.figshare'533 1703.V2
Carina Haupt and Tobias Schlauch

Software Engineering Guidelines

Guidelines support developers to self-assess their software concerning good development practices.

* Joint development with focus on good practices, tools, and essential documentation
» Three maturity level available as checklists in different formats to ease practical usage

Checklists for different maturity levels Reasoning and further advice

Change Management

The repository is the central entry point for development.

Recommendation Comment Status All _ i di P d i 1
EAM.2 The mas imparant information descrioing BUId seps are | od0 main artifacts are stored in a safe way and are available

how 10 contrioute to development are stored in 3 missing at a single location. Each change is comprehensible and can

central location. {from application class 1) b d back Y o I adii h )
EAM.S: Known bugs, important unresolved tasks and ok ced back to the originator. In addition, the version

ideas are at least noted in bullet point form and 1 system ensures the consistency of all changes.
stored centrally. (from application class 1)

EAM.7: & repository is set up in a version conirol sys- . . . .
tam. The reposttory is adequately siruciured and ideal- The repository directory structure should be aligned with
ly contzing all artifacts for building 2 usable software

version and for testing it (from appiication class 1) established conventions. References are usually the version

EAM.8: Every change of the repository ideally serves 2 o= control system, the build tool (see the Automation and
specific purpose, contains an understandable descrip- - .

Son and leaves The soRware i 3 consisient, working Dependency Management section) or the community of the
state. ffium appiication class 1) used programming language or framework. Two examples:

i DLR



https://doi.org/10.6084/m9.figshare.5331703.v2

Community standards [
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e ESIP (Earth Sciences):
https://esipfed.github.io/Software-Assessment-Guidelines/

e CLARIAH (Arts and Humanities):
https://github.com/CLARIAH/software-quality-guidelines

e |POL (Image Processing):
https://tools.ipol.im/wiki/ref/software guidelines/

e ELIXIR (Life Sciences):
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490478/

Software Sustainability Institute @


https://esipfed.github.io/Software-Assessment-Guidelines/
https://github.com/CLARIAH/software-quality-guidelines
https://tools.ipol.im/wiki/ref/software_guidelines/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490478/

Software Development Best ﬁc-w

Practices for Life Sciences

e QGoal:

= Define procedures to improve quality and sustainability of software Eli ’r
development that could be adopted by ELIXIR and other biomedical

Research Infrastructures — Software
. . . ops . J8 Sustainabilit
 Series of workshops (lightning talks, facilitated sessions) ‘c Inetitute

= Agree practices

»  Build community 1. Develop publicly accessible open
= Create policy source code from day one
= Develop guidance 2. Make software easy to discover by
* OQOutputs providing software metadata via a
" “Four simple recommendations” paper popular community registry
= “Top 10 Metrics” paper 3. Adopt a license and comply with the
" Training course (in development) licence of third-party dependencies
" Endorsement by community 4. Have a clear and transparent

Repo: https://github.com/SoftDev4Research/

contribution, governance and

communication processes
Software Sustainability Instltut P


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490478/
https://www.ncbi.nlm.nih.gov/pubmed/27635232
https://github.com/SoftDev4Research/4OSS-lesson
https://softdev4research.github.io/recommendations/supporters/
https://github.com/SoftDev4Research/

Research Software Workflow @™

www.software.ac.uk

— escribe

Ay Gitiob Cxz=m
GitHub 5 zmodo@?

Y Bitbucket @ i :figshare
develop =2 share -) preserve
Developed and Published via Deposited in digital
versioned using code repository repository with paper
code repository or website / for preservation
Made citable

Software Sustainability Institute @



LIGO Example

www.software.ac.uk

There's a signal in these data! For the moment, let's ignore that, and assume it's all noise.
| Selected for a Viewpoint in Physics

week ending
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016 In (7]: # number of sample for the fast fourier transform:
NFFT = 1*fs
l{g} fmin = 10
. . . . fmax = 2000
Observation of Gravitational Waves from a Binary Black Hole Merger Pxx N1, freqs = mlab.pad(strain H1, Fs = fs, NFFY = KFFY}
B.P. Abbott ef a.!_' Pxx L1, freqs = mlab.psd(strain L1, Fs = fs, NFFT = NFFT)
(LIG{) Scientific Collaboration and Virgl:l Cnl]ahuralion) # We will use interpolations of the ASDs computed above for whitening:
(Received 21 January 2016; published 11 February 2016) psd_Hl = interpld(fregs, Pxx_H1)
psd_Ll1 = interpld(fregs, Pxx Ll)
On September 14, 2015 at 09:50:45 UTC the two detectors of the Laser Interferometer Gravitational-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in # plot the ASDs:
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 1072!, It matches the waveform plt-figure() o - o
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the Rt ECNIEET Dy G- il L '1“81:‘}“ strasn )
X N ) y 3 X X plt.loglog(freqs, np.sqrt(Pxx_Ll),'g',label="Ll strain')

resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a plt.axis([fmin, fmax, le-24, le-19])
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater plt.grid('en')
than 5.16. The source lies at a luminosity distance of 4107]% Mpc corresponding to a redshift z = 0.0970;. Fi: 'l"i*‘:ei : ::53 {T;“]‘f;’“t“z) R

- 2 " N =] .Xlabe req z
In the source frame, the initial black hole masses are 36_3M0 and 29_:M0, and the final black hole mass is ST ogend (loc=tuspericenter’)
621 M, with 3.0°07M ;c* radiated in gravitational waves. All uncertainties define 90% credible intervals. plt.title('Advanced LIGO strain data near GW150914')
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct plt.savefig(’'GW150914_ASDs.png’)
detection of gravitational waves and the first observation of a binary black hole merger. Advanced LIGO strain data near GW150914

1019

DOIL: 10.1103/PhysRevLett.116.061102

0%

L. INTRODUCTION The discovery of the binary pulsar system PSR B1913+16
In 1916, the year after the final formulation of the field by Hulse and Taylor [20] and subsequent observations of

equations of general relativity, Albert Einstein predicted  itS €nergy loss by Taylor and Weisberg [21] demonstrated
the existence of gravitational waves. He found that the existence of gravitational waves. This discovery,
the linearized weak-field equations had wave solutions: along with emergipg aslrophylsica_l undersla_nding [22],
transverse waves of spatial strain that travel at the speed of led to the recognition that direct observations of the
light, generated by time variations of the mass quadrupole amplitude and phase of gravitational waves would enable

w07

ASD (strain/rtHz)

0% ||

102

. i
10t 10° 10"
Freq (Hz)

SOftwa re SUSta I na billty In‘ NOTE that we only plot the data between fmin = 10 Hz and fmax = 2000 Hz.


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
https://losc.ligo.org/s/events/GW150914/GW150914_tutorial.ipynb

Adoption of best .
practice comes from
making it easy and
useful for everyone
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Communities of Practice A

www.software.ac.uk

e Domain: A domain of knowledge creates common ground,
inspires members to participate, guides their learning and
gives meaning to their actions

e Community: The notion of a community creates the social
fabric for that learning. A strong community fosters
interactions and encourages a willingness to share ideas.

e Practice: While the domain provides the general area of
interest for the community, the practice is the specific focus
around which the community develops, shares and
maintains its core of knowledge.

Wenger, Etienne; McDermott, Richard; Snyder, William M. (2002). Cultivating Communities of Practice (Hardcover).
Harvard Business Press; 1 edition. ISBN 978-1-57851-330-7.
Software Sustainability Institute



Cultivating successful CoPs A

www.software.ac.uk

* Design the community to evolve naturally

* Create opportunities for open dialog within and with
outside perspectives

e Welcome and allow different levels of participation

e Develop both public and private community spaces

* Focus on the value of the community

e Combine familiarity and excitement

 Find and nurture a regular rhythm for the community

Wenger, Etienne; McDermott, Richard; Snyder, William M. (2002). Cultivating Communities of Practice (Hardcover).
Harvard Business Press; 1 edition. ISBN 978-1-57851-330-7.
Software Sustainability Institute



VORKING TOWARDS SUSTAINABLE
SOFT\WARE FOR SCIENCE

THE
OJ CARPENTRIES

https://cookbook.carpentries.org/

Research Platform Services L J
@ResPlat

” ) better

| scientific
[ ) software

Lots of old friends and new faces at a packed #HackyHour

10

P ]
today! httos: . . . R )
ps://ourcodingclub.github.io/
5:36 AM - Nov 19, 2015 opensSci SIMPLE
73 2 See Research Platform Services's other Tweets Sheffield Astrophysics Code Review Club RU LES
https://www.software.ac.uk/index.php/blog/ .
2018-05-18-code-review-academia http://collections.plos.org/

http://melbourne.resbaz.edu.au/HackyHour il |
Software Sustainability Institute ten-simple-rules



This is still going to be painful &M
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DONT WORRY, vou CAN RE-USE THE \\

You DON'T Wave

TO STAET YouRE
CODE FROM

SCRATCH,

wod'saiwodpyd-mmm

wey) assor Aq ,,19daaq pue 19ySiH p3jid

WWW,PHDCOMICS. COM
http://phdcomics.com/comics.php?f=1689 — used with permission from author

Software Sustainability Institute
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Summary [,

www.software.ac.uk

e Unsustainable code isn’t intentional, it comes
from the tension between solving a task quickly
for yourself versus solving it well for others

 Challenge is that research does not incentivize
good practice, even when the stakes are high
= Though many are changing this

e Success has come from supporting formation of
communities of practice, and sharing materials

= But this takes effort and goodwill

https.//doi.org/10.6084/mS9.figshare.6935840  Software Sustainability Institute M




Find out more about the SSI €
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e Community Engagement (Lead: Shoaib Sufi)
= Fellowship Programme & Events and Workshops
e Consultancy (Lead: Steve Crouch)
= QOpen Call for Projects / Collaborations
= Online Software Evaluation & Software Management Planning
e Policy and Publicity (Lead: Simon Hettrick)
= Case Studies / Policy Campaigns OXFORD
= Software and Research Blog

UNIVERSITY OF

. : South:

* Training (Lead: Aleksandra Nenadic) prampon
= Software Carpentry and Data Carpentry !&QRQ
" Guides and Top Tips «sBBSRC

e Journal of Open Research Software (Editor: Neil Chue Hong)

Collaboration between universities of Edinburgh, Manchester, Oxford and Southampton

Supported by EPSRC Grant EP/H043160/1 + EPSRC/ESRC/BBSRC grant EP/N006410/1


http://www.software.ac.uk/fellowship-programme
http://www.software.ac.uk/community/workshops
http://www.software.ac.uk/open-call
http://www.software.ac.uk/who-do-we-work
http://www.software.ac.uk/software-evaluation-guide
https://www.software.ac.uk/software-management-plans
http://www.software.ac.uk/resources/case-studies
http://www.software.ac.uk/policy
http://www.software.ac.uk/blog
http://www.software.ac.uk/software-carpentry
http://datacarpentry.org/
http://www.software.ac.uk/resources/guides-everything
http://www.software.ac.uk/resources/top-tips

The SSI team/alumni:

- Aleksandra Nenadic
- Aleksandra Pawlik

- Alexander Hay

- Arno Proeme -
- Carole Goble
- Claire Wyatt -
- Clem Hadfield

- Dave De Roure

- Devasena Prasad
- Giacomo Peru -
- Graeme Smith -
- lain Emsley -
- James Graham -
- John Robinson

- LesCarr

- Malcolm Atkinson

- Malcolm lllingworth

Mario Antonioletti
Mark Parsons

Mike Jackson
Olivier Philippe
Priyanka Singh
Raniere Silva

Rob Baxter

Robin Wilson
Shoaib Sufi

Simon Hettrick
Stephen Crouch
Tim Parkinson

Toni Collis

Plus the SSI Fellows
and RSE community

Software Sustainability Institute

Scientific software:

www.software.ac.uk

EPSRC

. Pioneering research
Heather Piowowar
James Howison *3BBSRC
Jeff Carver e
Jennifer Schopf S SOCTAL
Kaitlin Thaney i
Martin Fenner
Victoria Stodden
WSSSPE community

Dan Katz

Software/Data Carpentry

Greg Wilson

Jonah Duckles

Tracy Teal

Instructor Community
Supported by EPSRC Grant EP/H043160/1 +
EPSRC/ESRC/BBSRC grant EP/N006410/1

|@®




Software Sustainability Institute €N

www.software.ac.uk

A national facility for cultivating better, more
sustainable, research software to enable
world-class research

e Software reaches boundaries in its
development cycle that prevent
improvement, growth and adoption

* Providing the expertise and services
needed to negotiate to the next stage

 Developing the policy and tools to

support the community developing and

H Supported by EPSRC Grant EP/H043160/1
usl ng resea rCh SOftwa re + EPSRC/ESRC/BBSRC grant EP/N006410/1

Software Sustainability Institute

BETTE

SOFTWAR

BETTE
RESEARCH

*sBBSRC
EPSRC

Pioneering research
and skills




Helping the community to
develop software that meets the
needs of reliable, reproducible,
and reusable research

Delivering essential software
skills to researchers via CDTs,
institutions & doctoral schools

sbftware carpentry
D

a0k Sy - R
ere—ri )\ s

7 o . d

Y b T -

Exploiting our platform
to enable engagement,
delivery & uptake

Collecting evidence i
on the community’s |

software use & sharing
with stakeholders

i Bringing together

i the right people to
understand and

address topical issues

~ Would be
= impossible
Ba%

P ———
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Courses

35+ UK SWC
workshops
1000+ learners

/' Consultancy

50+ projects

130+ evaluations

W ion 4 surgeries
&) Femmmmmmmmm - e g .
k2 : i Guides
Q \ : : 80+ guides
. H | 50,000 readers
T ] 1
1 . 1
ittt bttt Website & blog ettt
H 150+ contributed articles H
! 20,000 unique visitors per month !
I 3,000 Twitter followers 1
Research
740 researchers
50,000 grants
analysed

Campaigns

BETTER Fellowship
61 domain
RESEARCH ambassadors

300+ RSEs engaged 2100 signatures 13 jssyes highlighted

20+ workshopé organised
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