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- RR mainly allows to fight scientific misconduct (e.g., fraud).
That’s nice but I'm honnest so just let me do my work!

- RR is all about re-executing the same code, even if the code is
stupid and makes wrong computation. It's pointless!

- My student has done everything with org-jupyter-studio-mode.
Now he’s gone and | can’t reuse what he did. See, what's the
point? RR does not help!

- RR is about controling and checking everything, which slows
down the scientific discovery process. Changing the way we work
and publish may be harmful!
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FIRST APPEARANCE

Claerbout & Karrenbach, meeting of the Society of Exploration Geophysics, 1992

Electronic Documents Give Reproducible Research a New Meaning REL3
Jon F. Claerbout and Martin Karrenbach, Stanford Univ.

SUMMARY
o make incremental improvements in electronic-document
A revolution in education and technology transfer follows software

from the marriage of word processing and software command
scripts. In this marriage an author attaches to every figure
caption a pushbutton or a name tag usable to recalculate
the figure from all its data, parameters, and programs. This
| prowidi= === = = b e alaengoducibility in compute - O sic goal is reproducible research. The electronic

fmmmmmm———o document is our means to this end. In principle, repro-
=~ Tn 1990, we se ducibility in research can be achieved without electronic doc-
uments and that is how we started. Qur first nonelectronic

o seek partners for broadening standards (and making
incremental improvements)

¢ this sequence of goals: ™ =

reproducible document was a textbook in which the paper
document contained the name of a program script in every
figure caption. The program scripts were organized by book

o Learn how to merge a publication with its underlying
computational analysis.

o Teach researchers how to prepare a document in a form chapter and section so they could be correlated to au a
where they themselves can reproduce their own re companying magnetic tape dump of the file system. The
search results a year or more later by “pressing a single magnetic tape also contained all the necessary data to feed
button™. the program script.

Now that we have begun using CD-ROM publication,
we can go much further. Every figure caption contains a
pushbutton that jumps to the appropriate science directory

Learn how to leave finished work in a condition where
coworkers can reproduce the calculation including the
final illustration by pressing a button in its caption.

(folder) and initiates a figure rebuild command and then
® Prepare a complete copy of our local software environ displays the figure, possibly as a movie or interactive pro-
ment so that graduating students can take their work gram. We normally display seismic images of the earth’s inte-
away with them to other sites, press a button, and rior. but to reach wider audiences, Figure | shows a satellite
reproduce their Stanford work. weather picture which the pushbutton will animate as seen
on commerical television. We include all our plot software as

o Merge electronic documents written by multiple au- well as frecly available software from many sources, including 2/18
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UNFORTUNATE MISTAKES

Geoffrey Chang (Scripps, UCSD) works on
crystalography and studies the structure
of cell membrane proteins.

He specialized in structures of multidrug
resistant transporter proteins in bacteria:
MsbA de Escheria Choli (Science, 2001),
Vibrio cholera (Mol. Biology, 2003),
Salmonella typhimurium (Science, 2005)

2006: Inconsistencies reveal a programming mistake

a homemade data-analysis program had flipped two
columns of data, inverting the electron-density map from
which his team had derived the protein structure.

5 retractations that motivate improved software engineering
practices in computational biology
3/18


https://people.ligo-wa.caltech.edu/~michael.landry/calibration/S5/getsignright.pdf

WHISTLE BLOWING

OK** OK**0OK
130 4 23
LI 226
M&de Vﬁb E@; Build
"clinical trials in oncology have the k3
highest failure rate [only 5% are % 5 176
licensed] compared with other
. . EM° BN
therapeutic areas [..] difficulty to DL

repeat experiments even in the
laboratory of the original
investigator”

8 ACM conferences and 5 journals
EM"°= the code cannot be provided

Collberg, Christian et al., Measuring
Begley and Ellis, Nature, 2012. Raise Reproducibility in Computer Systems
standards for preclinical cancer research Research, 2015

The scientific process demands the highest standards of quality,
ethics and rigor.
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https://www.nature.com/articles/483531a
https://www.nature.com/articles/483531a
http://reproducibility.cs.arizona.edu/
http://reproducibility.cs.arizona.edu/
http://reproducibility.cs.arizona.edu/

WHY ARE SCIENTIFIC STUDIES SO DIFFICULT TO REPRODUCE?

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else's

My own

Chemistry

Biology

Physics and
engineering

Medicine

Earth and
environment

Other

40

0 20

60 80

HAVE YOU EVER TRIED TO PUBLISH
A REPRODUCTION ATTEMPT?

Although only a small proportion of respondents tried to publish
replication attempts, many had their papers accepted.

® Published @ Failed to publish

reproduction _ ]2%

iy
Unsuccessful 0
= %

0

Number of respondents from each discipline:
Biologv 703. Chemistry 106. Earth and environmental 95.

100%

1,500 scientists lift the lid on reproducibility,
Nature, May 2016

Social causes

- Fraud, conflict of interest (pharmaceutic, ...)

- No incentive to reproduce/check our own work
(afap), nor the work of others (big results!), nor
to allow others to check (competition)

- Peer review does not scale: 1+ million articles
per year!

Methodological or technical causes

- The many biases (apophenia, confirmation,
hindsight, experimenter, ...): bad designs

0/

e L

- Selective reporting, weak analysis (statistics,
data manipulation mistakes, computational
errors)

- Lack of information, code/raw data unavailable/g


http://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

DIFFERENT CONCERNS

Social Sciences, Oncology, ... methodology, statistics

Genomics software engineering, computational reproducibility,
provenance, ...

Computational fluid dynamics numerical issues

Analyses

Données . I
= ~ Visualisations

Distinguish between:

- experimental science - computational science (simulation)

- observational science - (big) data analysis
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REPRODUCIBLE RESEARCH: TRYING TO BRIDGE THE GAP

Author

Published
Article

Nature/System/...

Scientific
Question

Reader

Inspired by Roger D. Peng's lecture on reproducible research, May 2014
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REPRODUCIBLE RESEARCH: TRYING TO BRIDGE THE GAP

Author
Presentation
Processing Analysis Cc\)\(\Je

Coge Co‘de w
I I A\

Measured | ¥ Analytic | y _| Computational
Data Data Results
Numerical

Nature/System/... Summaries ‘
Experiment Code i Text
e oo :

Published
Article

(workload injector, VM recipes, ...)

1 Protocol I |
| (Design of Experiments) | 777777
T< ************ : Try to keep track of the whole chain
Scientific
Question
Reader

Inspired by Roger D. Peng's lecture on reproducible research, May 2014

7/18



REPRODUCIBLE RESEARCH: TRYING TO BRIDGE THE GAP

Author
”
Presentation Eas ”
Processing Analysis CQ\ge a,.t
Analytic Computational Published
Data Results Article

Numerical
Summaries

Experiment Code
(workload injector, VM recipes, ...)

Protocol
(Design of Experiments) S s e

,,,,,,,,,,,, "Tricky” and "Easy” refer to

Scientific parallel computer scientist use cases
Question

Reader

Inspired by Roger D. Peng's lecture on reproducible research, May 2014
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EXISTING TOOLS, EMERGING STANDARDS

Notebooks and workflows Software environments Sharing platforms

Jupyterhub

EEEHAL
@ Stud io archives-ouvertes
":’:O - Repl’Ole

I m nexiflow
KNIME ‘ )‘/- <% <> Software Heritage

¢ _
cf‘ LUigi Guix

Jupyter

llll§

8/18



TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 1000000

x = np.random.uniform(size=N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

2
On peut Inclure des formules mathématiques comme JT exp (— (zzp/:) ) et
v 7

des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).

80
700
600
500
400
300
200
100
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document initial dans son environnement

JUpyter examplo_pi e A

RN NI e B

# Un document computationnel

Hon ordinateur a'indique que $\pis vaut *opproxinativenent®

i 1) s promts o coon o s
from meth taport +
print(pi)
3.141802653509793

s calculd avc Lo _péthode_ des [niullles e utton)

Cepproxination.

In 21 e prmts [ o covo b e
inpart numpy as np
N'= 1000000
X p-ron i ra(stzeh, Lot Mobel)
andon. uniforn(sizesN, Lowso, highepi/2)
st Ge.Sintibetasrsi) iy

U215 3.143719869409765

on et tncture ds formtes mamcn-lmucs come $\frac (1) (\siono
Ve eft(-\ ract (x-\m)“2) (2\5igna~2} \right)s et des
Gecsins aul i ant rien b voir. avec SeLd (s m'est une constante do
fomatisation... o)

I ) s promas o covo o s
“atplotlib inline
inpart natplotLib, pyplot as plt
m, signa = 100, 15
X%+ $1gua°p. randon. randn (10000)
pLE st (x,40)

BLE.grid(True)
Bt show()

Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

2
))et

On peut Inclure des formules mathématiques comme JT exp (— &
v

des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).

80
700
600
500
400
300
200
100
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Mark Down
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Romatisation... o)
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Document final
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approximation :

import numpy as np
N = 10000
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2/ (sum((x+np.sin(theta))>1)/N)
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[C

On peut Inclure des formules mathématiques comme o7

m(-5)

des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).

80
700
600
500
400
300
200
100

9/18



Document initial dans son environnement
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HO® A N mC o
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# Un document computationnel

s o e Ot
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Hon ordinateur m'indique que $\pis vaut *approxinativenent®

e Do Ona e
2y <— (ode
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- e O e
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Siarid(ie
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import mlmpy as np
N = 10000

X = np.random uniform(size=N, low=6, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

(z—p)?

On peut Inclure des formules mathématiques comme T p( o7

) et
des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).
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Document initial dans son environnement

JUPYter example_pi sunues
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-
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765
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On peut Inclure des formules mathématiques comme Texp (— (zzp/-:) ) et
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document initial dans son environnement

JUPYLer examplo_pi wmees A

B+ Al A EC

s o e Ot

o
# Un document computationnel

e o o
Hon ordinateur m'indique que $\pis vaut *approxinativenent®

i -
ftron motn tnport +
print(pi)

o o o

3.141802653509793

Mats calculé avec la _néthode_ des [aiguflles de but
s’ i ibivests erareisiTRpuLLLe e BuTTan on aptiendrat comme
—oppro
In 21 e proms [ coso s e

import rumy 03 10
1005005
X = . randon.unifora(size=N, lowe0, highel)
. randon. uniforn(sizesN, Lowso, highepi/2)
(xénp. sin(theta)) 1) /N

Export

on et incture des formes sathénotiqes come 11
Vil \erp et CATrac (c A ) 2sigme-2)\rioho)s
dessins qul ont rien 3 voir_avec $1p1 (1 ce est une constante do
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Lottt intine
por. natplotlib.pyplot as pLt

e o s

o, signa =
X2 s Lonevrp. randon. rancn 10000)

PLE st (x,40)
sltriatirue)

Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

_(a-w?
ﬁexp( 5ot )et

des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).

On peut Inclure des formules mathématiques comme

9/18



TooL 2: FIGHTING SOFTWARE ENVIRONMENTS NIGHTMARE

What is hiding behind a simple

1 import matplotlib

Package: python3-matplotlib

Version: 2.1.1-2

Depends: python3-dateutil, python-matplotlib-data (>= 2.1.1-2),
python3-pyparsing (>= 1.5.6), python3-six (>= 1.10), python3-tz,
libjs-jquery, libjs-jquery-ui, python3-numpy (>= 1 1.13.1),
python3-numpy-abi9, python3 (<< 3.7), python3 (>= 3.6~),
python3-cycler (>= 0.10.0), python3:any (>= 3.3. 2— ~), libc6 (>=
2.14), libfreetype6 (>= 2.2.1), libgccl (>= 1:3.0), libpngl6-16 (>=
1.6.2-1), libstdc++6 (>= 5.2), zliblg (>= 1:1.1.4)
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TooL 2: FIGHTING SOFTWARE ENVIRONMENTS NIGHTMARE

What is hiding behind a simple

1 import matplotlib

Package: python3-matplotlib

Fake OS dependencies
=) induced by package granularity

Real dependencies averrin]
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TooL 2: FIGHTING SOFTWARE ENVIRONMENTS NIGHTMARE

Python and its rapidly evolving environment

1 python2 -c "print(10/3)"
2 python3 -c "print(10/3)"

3
3.3333333333333335

1/18



TooL 2: FIGHTING SOFTWARE ENVIRONMENTS NIGHTMARE

Python and its rapidly evolving environment

1 python2 -c "print(10/3)"
2 python3 -c "print(10/3)"

simple Plot Simple Plot

wwwwww
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Python and its rapidly evolving environment
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Cortical Thickness Measurements (PLOS ONE, June 2012): FreeSurfer:
differences were found between the Mac and HP workstations and
between Mac OSX 10.5 and OSX 10.6.
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TooL 2: FIGHTING SOFTWARE ENVIRONMENTS NIGHTMARE

Python and its rapidly evolving environment

1 python2 -c "print(10/3)"
2 python3 -c "print(10/3)"

simple Plot Simple Plot

wwwwww

Cortical Thickness Measurements (PLOS ONE, June 2012): FreeSurfer:
differences were found between the Mac and HP workstations and
between Mac OSX 10.5 and OSX 10.6.

ReproZip [ NI e



TooL 3: FIGHTING INFORMATION LOSS WITH ARCHIVES

D. Spinellis. The Decay and Failures of URL References. CACM, 46(1), Jan 2003.

The half-life of a referenced URL is approximately 4 years from its
publication date.

P. Habibzadeh. Decay of References to Web sites in Articles Published in
General Medical Journals: Mainstream vs Small Journals”. Applied Clinical
Informatics. 4 (4), 2013

half life ranged from 2.2 years in EMH] to 5.3 years in BMJ
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https://www.spinellis.gr/sw/url-decay/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885908/

TooL 3: FIGHTING INFORMATION LOSS WITH ARCHIVES

D. Spinellis. The Decay and Failures of URL References. CACM, 46(1), Jan 2003.

The half-life of a referenced URL is approximately 4 years from its
publication date.

P. Habibzadeh. Decay of References to Web sites in Articles Published in
General Medical Journals: Mainstream vs Small Journals”. Applied Clinical
Informatics. 4 (4), 2013

half life ranged from 2.2 years in EMH] to 5.3 years in BMJ

Article archives HAL

archives-ouvertes

figshare

. Tav .
Software Archive <3</ Software Heritage

&
v

s
0 or V = awesome collaborations # archive

Data archives

T4
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https://www.spinellis.gr/sw/url-decay/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885908/

CHANGING PRACTICES

Manifesto: "I solemnly pledge” (WSSSPE, Lorena Barba, FAIR)

I S R I S

I will teach my graduate students about reproducibility

All our research code (and writing) is under version control
We will always carry out verification and validation

We will share data, plotting script & figure under CC-BY

. We will upload the preprint to arXiv at the time of submission of a paper
. We will release code at the time of submission of a paper

- We will add a "Reproducibility” declaration at the end of each paper

8.

I will keep an up-to-date web presence

Soft. Engineering, Statistics, and Reproducible Research in the curricula

- Webinars on RR 2016-2017

- MOOC on RR (3rd edition
planned for January 2020)

- Book on RR in June 2019 138


https://hal.inria.fr/hal-01367344/document
http://lorenabarba.com/gallery/reproducibility-pi-manifesto/
https://www.go-fair.org/fair-principles/
https://rr-france.github.io/bookrr/
https://learninglab.inria.fr/en/mooc-recherche-reproductible-principes-methodologiques-pour-une-science-transparente/
https://rr-france.github.io/bookrr/

PUBLISHING

Artifact evaluation and ACM badges

Major conferences
- Supercomputing: Artifact Description (AD) mandatory, Artifact
Evaluation (AE) still optional, Double blind vs. RR
- NeurlPS, ICLR: open reviews, reproducibility challenge

Joelle Pineau @ NeurlPS'18
- ACM SIGMOD 2015-2019, ...

Mentality is evolving: people care and make stuff available
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https://sc19.supercomputing.org/submit/reproducibility-initiative/
https://nips.cc/Conferences/2019/CallForPapers
https://reproducibility-challenge.github.io/iclr_2019/
https://www.youtube.com/watch?v=Kee4ch3miVA
http://db-reproducibility.seas.harvard.edu/papers/index.html

KEY CONCERNS FOR OUR COMMUNITY (ROOM FOR IMPROVEMENT)

» Awareness of Experiments and Statistics How are cloud
performance currently obtained and reported?, March 2019

100

X 50

0

100

* 50

0

100

®* 50

0

P1: Repeated experiments

- R
. R2 II
Y P N

P3: Experimental setup description

J.__._._IL

Y P N

P5: Prob. result descr. of meas. perf.

pp—— ]

Y s N

100

X 50

0

100

R 50

0

100

X 50

0

P2: Workl. and conf. coverage

Hl == EE

Y P N
P4: Open access artifact

P |

Y P N
P6: Statistical evaluation

Y [ N

» Shared testbeds and Experimental control Grid’5000/SILECS, ...


https://research.spec.org/fileadmin/user_upload/documents/rg_cloud/endorsed_publications/SPEC_RG_2019_Methodological_Principles_for_Reproducible_Performance_Evaluation_in_Cloud_Computing.pdf
https://research.spec.org/fileadmin/user_upload/documents/rg_cloud/endorsed_publications/SPEC_RG_2019_Methodological_Principles_for_Reproducible_Performance_Evaluation_in_Cloud_Computing.pdf

FUTURE




PUBLISH OR PERISH (OK, THIS IS PAST AND PRESENT)

- Goodhart's Law: Are Academic Metrics Being Gamed?, M. Fire
2019
- Al: over 1,000 ranked journals (x10 in 15 years)
- Shorter papers with increasing self references
- More and more papers without any citation
- Sharp increase in the number of new authors publishing at a much
faster rate given their career age
- The Truth, The Whole Truth, and Nothing But the Truth: A
Pragmatic Guide to Assessing Empirical Evaluations, TOPLAS 2016

A

Often rejected Rare

Safe bet

Often rejected

Quality

Rejected
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https://thegradient.pub/over-optimization-of-academic-publishing-metrics/
http://users.cecs.anu.edu.au/~steveb/downloads/pdf/evaluate-toplas-2016.pdf
http://users.cecs.anu.edu.au/~steveb/downloads/pdf/evaluate-toplas-2016.pdf
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REPRODUCIBLE RESEARCH = TRANSPARENCY

To err is human.

Good research requires time and resources

1. Train yourself and your students on RR, statistics, experiments
- Beware of checklists and norms
- Understand what's at stake

2. Make publication practices evolve

3. Prepare the Future: Toward literate experimentation?

- Reuse, reuse, reuse
- How to share Experiments

17/18



SOME ADVERTISING

TEN YeARS RePRODUCIBILITY CHALLENGE

RESCIENCE SPECIAL ISSUE
FREE TO READ - FR TO PUBLISH

i' | i 3rd Edition: ~ Feb. 2020

Wodi o A new MOOC: "Advanced RR”

code B S ec ol D - Software environment control (Docker)

Calouy

- Scientific workflow (snakemake)
hetp://rescience github.io/ten years - Managing data (HDF5, archiving)
e

October 2020 ?

http:/ /rescience.github.io/ten-years/ 18/18
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