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® A Few Motivating Examples

® The Reproducible Research Movement
How does it work in "real" sciences?
Reproducible Research/Open Science
Many Different Alternatives for Replicable Analysis
Good Practice for Setting up a Laboratory Notebook

© Where are we now?
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FFFFFF

Frustration | N

As an Author Ml 2 S
e Advisor: "Did you take care of setting this?" Me: "Uh?" \
e | thought | used the same parameters but I'm getting different results!
| swear it worked yesterday!
e A new student wants to compare with the method | proposed last year
e The damned fourth reviewer asked for a major revision and wants me to
change figure 3 :( Which code and which data set did | use to generate
this figure?
e 6 months later: Why did | do that?
As a Reviewer This may be an interesting contribution but:
e There is no label/legend/... What is the meaning of this graph? If
only | could access the generation script
e Why is this graph in logscale? How would it look like otherwise?
e This average value must hide something. As usual, no confidence in-
terval... | wonder whether the difference is significant at all
e That can’t be true, I'm sure they removed some points or decided to

show only a subset of the data. | wonder what the rest looks like
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A Few Edifying Examples

Naicken, Stephen et Al., Towards Yet Another Peer-to-Peer [>"Uator usage [Naicken0s]

Simulator, HET-NETs'06.

Type

Chord-(SFS)
Custom
NS-2

Other
Unspecified

Collberg, Christian et Al., Measuring Reproducibility in Computer Systems Research, http:
//reproducibility.cs.arizona.edu/ 2014,2015

OKszo OK>BUOKAx
130 &4 23

From 141 P2P sim.papers, 30% use a custom tool,
50% don't report used tool

¢ 8 ACM conferences (ASPLOS'12,

?auiillsd CCS'12, OOPSLA'12, OSDI'12, PLDI'12,
9 SIGMOD'12, SOSP’11, VLDB'12) and 5

601 journals

e EM"°= the code cannot be provided

D 15

KX
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http://reproducibility.cs.arizona.edu/
http://reproducibility.cs.arizona.edu/

The Dog Ate my Homework !!!

e Versioning Problems

Thanks for your interest in the implementation of our paper. The good
news is that | was able to find some code. | am just hoping that it is
a stable working version of the code, and matches the implementation
we finally used for the paper. Unfortunately, | have lost some data when
my laptop was stolen last year. The bad news is that the code is not
commented and/or clean.

Attached is the (system) source code of our algorithm. I'm not very sure
whether it is the final version of the code used in our paper, but it should
be at least 99% close. Hope it will help.

v
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The Dog Ate my Homework !!!

e Versioning Problems
e Bad Backup Practices

Unfortunately, the server in which my implementation was stored had a
disk crash in April and three disks crashed simultaneously. While the help
desk made significant effort to save the data, my entire implementation

for this paper was not found.

v
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The Dog Ate my Homework !!!

e Versioning Problems
e Bad Backup Practices
e Code Will be Available Soon

Unfortunately the current system is not mature enough at the moment,
so it's not yet publicly available. We are actively working on a number
of extensions and things are somewhat volatile. However, once things
stabilize we plan to release it to outside users. At that point, we would
be happy to send you a copy.

v
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The Dog Ate my Homework !!!

e Versioning Problems

Bad Backup Practices
Code Will be Available Soon

No Intention to Release

| am afraid that the source code was never released. The code was never
intended to be released so is not in any shape for general use.

v
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The Dog Ate my Homework !!!

e Versioning Problems

Bad Backup Practices
Code Will be Available Soon

No Intention to Release

Programmer Left

(STUDENT) was a graduate student in our program but he left a while
back so | am responding instead. For the paper we used a prototype
that included many moving pieces that only (STUDENT) knew how to
operate and we did not have the time to integrate them in a ready-to-
share implementation before he left. Still, | hope you can build on the
ideas/technique of the paper.

Unfortunately, the author who has done most of the coding for this paper
has passed away and the code is no longer maintained.

v
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The Dog Ate my Homework !!!

e Versioning Problems e Commercial Code
e Bad Backup Practices

e Code Will be Available Soon

e No Intention to Release

e Programmer Left

Since this work has been done at (COMPANY) we don't open-source
code unless there is a compelling business reason to do so. So unfortu-
nately | don't think we'll be able to share it with you.

The code owned by (COMPANY), and AFAIK the code is not open-
source. Your best bet is to reimplement :( Sorry.

v
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The Dog Ate my Homework !!!

e Versioning Problems e Commercial Code

Bad Backup Practices o Proprietary Academic Code
Code Will be Available Soon

No Intention to Release

Programmer Left

Unfortunately, the (SYSTEM) sources are not meant to be opensource
(the code is partially property of (UNIVERSITY 1), (UNIVERSITY 2)
and (UNIVERSITY 3).)

If this will change | will let you know, albeit | do not think there is an
intention to make the (SYSTEM) sources opensource in the near future.

If you're interested in obtaining the code, we only ask for a description
of the research project that the code will be used in (which may lead
to some joint research), and we also have a software license agreement
that the University would need to sign.

v
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The Dog Ate my Homework !!!

e Versioning Problems e Commercial Code

e Bad Backup Practices o Proprietary Academic Code
e Code Will be Available Soon e Research vs. Sharing

e No Intention to Release ° ...

e Programmer Left o ...

In the past when we attempted to share it, we found ourselves spending
more time getting outsiders up to speed than on our own research. So
I finally had to establish the policy that we will not provide the source
code outside the group.

v
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My Feeling

Computer scientists have an incredibly poor training in probabilities, statis-
tics, experiment management, Design of Experiments

Why should we? Computer are deterministic machines after all, right? ©
Ten years ago, |'ve started realizing how lame the articles | reviewed (as well
as those | wrote) were in term of experimental methodology.

e Yeah, | know, your method/algorithm is better than the others as
demonstrated by the figures

¢ Not enough information to discriminate real effects from noise

e Little information about the workload. Would the “conclusion” still hold
with a slightly different workload?

e | got tired of awful combination of tools (perl, gnuplot, sql, ...) and
bad methodology

| got sick of struggling in vain when trying to build on the work of others
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® The Reproducible Research Movement
How does it work in "real" sciences?
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Computationnal Sciences

Science Today: Data Intensive

Simulations
Sensors

Particle
colliders

Obtain
Data

Sequencing
machines

User studies

Publish/
Share

Analyze/
Visualize

Web

Databases

Courtesy of Juliana Freire (AMP Workshop on Reproducible research)
Reproducible Research ‘11 UBC, Vancouver Juliana Freire8 /32



Computationnal Sciences

Science Today: Data + Computing Intensive

Simulations e
avs L

Sensors
. Il ParaView

Parallel Visualization Application

Publish/
Share

Web Sequencing VISTraiIs

machines e
Databases Taverna

MATLAB ORACLE"

Courtesy of Juliana FreiretAMP Workshop on Reproducible research)
Reproducible Research ‘11 UBC, Vancouver Juliana Freire8 /32 3



Computationnal Sciences

Science Today: Data + Comnuting Intensive

Simulations
Sensors

Publish/

Web Sequencing
machines
Databases v

Courtesy of Juliana op on Reproducible research)
Reproducible Research ‘11 UBC, Vancouver Juliana Freire8 /32 4



Computationnal Sciences

Science Today: Data + Computing Inte = °

Simulations
Sensors

Particle
colliders

Analyze/

Publish/
Visualize

Share

Web Sequencing

machines
Databases

Courtesy of Juliana Freire (AMP Workshop on Reproducible research)

Reproducible Research ‘11 UBC, Vancouver

Juliana Freire8 /32 &



Computationnal Sciences

Science Today: Incomplete Publications

+ Publications are just the tip of the ————

iceberg = o
- Scientific record is incomplete--- - _»,‘"‘—“ :
to large to fit in a paper - =

- Large volumes of data
- Complex processes
+ Can't (easily) reproduce results

Courtesy of Juliana Freire (AMP Workshop on Reproducible researc
Reproducible Research ‘11 UBC, Vancouver Juliana Freire8 /32 ¢



Computationnal Sciences

Science Today: Incomplete Publications

Publications are just the tip of the
= “It’s impossible to verify most of the results that
computational scientists present at conference |
and in papers.” [Donoho et al., 2009] |
| “Scientific and mathematical Jjournals are filled
Cwith pretty pictures of computational experiments
Car that the reader has no hope of
repeating.” [LeVeque, 2009]
“Published documents are merely the
advertisement of scholarship whereas the
computer programs, input data, parameter
values, etc. embody the scholarship
itself.” [Schwab et al., 2007]

Courtesy of Juliana Freire (AMP Workshop on Reproducible researc
Reproducible Research ‘11 UBC, Vancouver Juliana Freire8 /32 7
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Why Are Scientific Studies so Difficult to Reproduce?

Human error:
e Experimenter bias
e Programming errors or data manipulation mistakes

e Poorly selected statistical tests

There is just no real incentive in doing so:

Legal barriers, copyright (many ongoing thoughts on this in the US)

Competition issue (researchware, bibliometry, .. .)

Publication bias (only the idea matters, not the gory details)

Rewards for positive results, not for consolidating results

Technical difficulty:
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http://web.stanford.edu/~vcs/talks/SC15-Nov182015-STODDEN.pdf

Evidence for a Lack of Reproducibility

o Studies showing that scientific papers commonly leave out experimental
details essential for reproduction and showing difficulties with replicating
published experimental results:

e J.P. loannidis. Why Most Published Research Findings Are False PLoS
Med. 2005 August; 2(8)
e High number of failing clinical trials.
e Do We Really Know What Makes Us Healthy?, New-York Times —
September 16, 2007
e Lies, Damned Lies, and Medical Science, The Atlantic. Nov, 2010
e Increase in retracted papers:
e Steen RG, Retractions in the scientific literature: is

the incidence of research fraud increasing? ‘
J Med Ethics 37: 249-253. fos Angeles Times  susivess | Lo Tiomom i

Courtesy V. Stodden, SC, 2015



http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.0020124
http://mescal.imag.fr/membres/arnaud.legrand/teaching/2011/EP_epidemiology.pdf
http://mescal.imag.fr/membres/arnaud.legrand/teaching/2011/EP_lies.pdf
http://dx.doi.org/10.1136/jme.2010.040923
http://dx.doi.org/10.1136/jme.2010.040923

A Reproducibility Crisis?

The Duke University scandal with scientific misconduct on lung cancer

e Nature Medicine - 12, 1294 - 1300 (2006) Genomic signatures to guide the
use of chemotherapeutics, by Anil Potti and 16 other researchers from Duke University
and University of South Florida

e Major commercial labs licensed it and were about to start using it before two
statisticians discovered and publicized its faults

Dr. Baggerly and Dr. Coombes found errors almost immediately. Some seemed careless —
moving a row or a column over by one in a giant spreadsheet — while others seemed inexplicable.

The Duke team shrugged them off as “clerical errors.”
V.

The Duke researchers continued to publish papers on their genomic signatures in prestigious
journals. Meanwhile, they started three trials using the work to decide which drugs to give
patients.

W

e Retractions: January 2011. Ten papers that Potti coauthored in prestigious
journals were retracted for varying reasons

e Some people die and may be getting worthless information that is based on

bad science Courtesy of Adam J. Richards
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http://www.nytimes.com/2011/07/08/health/research/08genes.html
http://en.wikipedia.org/wiki/Anil_Potti
http://en.wikipedia.org/wiki/Anil_Potti

A recent scandal In 2013, Dong-Pyou Han, a former assistant professor of
biomedical sciences at lowa State University was disgraced:
e Falsified blood results to make it appear as though a vaccine he was working on
had exhibited anti-HIV activity
® Han and his team received = $19 million from NIH
® Retraction and resignation of university
® Han was sentenced in 2015 to 57 months imprisonment for fabricating and fal-
sifying data in HIV vaccine trials. He was also fined US $7.2 million!
We should avoid witch-hunt
® August 5, 2014, Yoshiki Sasai (stem cell, considered for Nobel Prize) hanged in
his laboratory at the RIKEN (Japan). Fraud suspicion. ..
® In 1986, a young postdoctoral fellow at MIT accused her director, Thereza
Imanishi-Kari, of falsifying the results of a study published in Cell and co-signed
by the Nobel laureate David Baltimore. [..] Declared guilty, Univ. presidency res-
ignation, and finally cleared. This put the careers of two outstanding researchers
on hold for ten years based on unfounded accusations.
Scientific fraud is bad but let’s be careful Have a look at the wikipedia list of aca-
demic scandals. On a totally different aspect, do not forget to also have a look at the
plagiarism and paper generation wikipedia entries and at having fun with h-index

The Battle against Scientific Fraud in the CNRS International Magazine
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https://en.wikipedia.org/wiki/Dong-Pyou_Han
https://en.wikipedia.org/wiki/Category:Academic_scandals
https://en.wikipedia.org/wiki/Category:Academic_scandals
https://en.wikipedia.org/wiki/Plagiarism
https://en.wikipedia.org/wiki/Paper_generator
https://hal.inria.fr/file/index/docid/713564/filename/TechReportV2.pdf
http://www.cnrs.fr/fr/pdf/cim/CIM36.pdf

Is Fraud a new phenomenon?

Biomedical fraud in figures

Cause of retraction 1s77¢ozo12

SOURCE: FANGET AL [2012) PNAS

Number of publications and retractions

197702013
Retractions per .
100,000 publications

o Galileo (data fabrication), Ptolemy (pla-
giarism), Mendel (data enhancement),
Pasteur (rigorous but hid failures), ...

OURCE: PUIEMED VIA PMRETRA
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http://lascienceenfraude.blogspot.fr/2012/05/limposture-de-pasteur.html

® The Reproducible Research Movement

Reproducible Research/Open Science
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Reproducible Research: the New Buzzword?

H2020-EINFRA-2014-2015

A key element will be capacity building to link literature and data
in order to enable a more transparent evaluation of research and
reproducibility of results.

| A\

More and more workshops

® \Workshop on Duplicating, Deconstructing and Debunking (WDDD) (2002-2014 edition)
e AMP Workshop. Reproducible Research: Tools and Strategies for Sci-
entific Computing (2011)

Working towards Sustainable Software for Science: Practice and Experiences (2013)
REPPAR'14: 1st International Workshop on Reproducibility in Parallel Computing
Reproducibility@XSEDE: An XSEDE14 Workshop

Reproduce/HPCA 2014

TRUST 2014, 2015

Talk at SC by V. Stodden two weeks ago

Should be seen as opportunities to share experience

v
15732


http://www.eecg.toronto.edu/~enright/wddd/
http://cag.engr.uconn.edu/isca2014/workshop_tutorial.html
http://www.stodden.net/AMP2011/
http://www.stodden.net/AMP2011/
http://wssspe.researchcomputing.org.uk/
http://hunoldscience.net/conf/reppar14/pc.html
https://www.xsede.org/web/reproducibility
http://www.occamportal.org/reproduce
http://www.ctuning.org/cm/wiki/index.php?title%3DEvents:TRUST2014
http://web.stanford.edu/~vcs/talks/SC15-Nov182015-STODDEN.pdf

Reproducibility: What Are We Talking About?

1934: Karl Popper introduces the notion of falsifiability and crucial experi-
ment and puts reproducing the work of others at the core of science

Reproducibility of experimental results is the hallmark of science
[Drummond, 2009]

A Terminology varies A

Inspired by Andrew Davison (AMP Workshop on Reproducible research) and [Feitelson, 2015]

16 /32


http://www.site.uottawa.ca/ICML09WS/papers/w2.pdf
http://mescal.imag.fr/arnaud.legrand/readings/acm_sigops_si_rsea/p3-feitelson.pdf

Reproducible Research: Trying to Bridge the Gap

Author

Published
Article

Nature/System/...

Protocol I
. . |
(Design of Experiments)

Scientific
Question

Reader

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

N
=)
S
Wi



Reproducible Research: Trying to Bridge the Gap

Author

Figures
Measured Analytic Computational / \ Published

Tables +—

Data Data Results Article
Numerical

Nature/System/... Summaries

Text

Scientific
Question

Reader

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

N
=)
S
Wi



Reproducible Research: Trying to Bridge the Gap

Author
Presentation
Processing Analysis Code
AN

Code Code W
I I

N Figures
I I \\\\)/ & \
| I A
l | \ \\ |
Measured | ¥ Analytic | § _| Computational '\« | Published

Tables

Data Data Results \ ! Article
\
1
Numerical !

Nature/System/... Summaries

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

Text

\ Protocol o !
| (Design of Experiments) ;|
T< ””””””” ‘ Try to keep track of the whole chain
Scientific
Question
Reader
Inspired by Roger D. Peng’s lecture on reproducible research, May 219}%2



Reproducible Research: Trying to Bridge the Gap

Author
> I
Presentation asy "
Processing Analysis Code 'Oé)
AR
Code Code WS Fi rt
! | NN igures
1 1 A\
1 1 Y
| | \)f \
Analytic | ¥ Computational Ay Tables : Published
Data Results \ D Article
\ 1
\\ Numerical i
A’L Summaries | T
¢ Experiment Code 0 ext
) (workload injector, VM recipes, ...) D
Protocol |
(Design of Experiments) SR
************ "Tricky" and "Easy" refer to
Scientific parallel computer scientist use cases

Question

Reader

Inspired by Roger D. Peng’s lecture on reproducible research, May 219}%2



Mythbusters: Science vs. Screwing Around



A Difficult Trade-off

Many different tools/approaches developed in various communities

But mainly two approaches:
e the code that was run (source code, libraries, compilation procedure)
e processor architecture, OS, machine, date, ...
VM-based solutions and Experiment engines

Virtualbox/kvm/. .. Expo, Xpflow, Execo
CDE Plush/OMF /Splay
Singularity

Ensuring others can understand/adapt what was done

e Why did | run this?
e Does it still work when | change this piece of code for this one?

Laboratory notebook and recipes



http://gmkurtzer.github.io/singularity/

® The Reproducible Research Movement

Many Different Alternatives for Replicable Analysis
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Vistrails: a Workflow Engine for Provenance Tracking

Our Approach: An Infrastructure to Support
Provenance-Rich Papers [Koop et al., 1CCS 2011]

+ Tools for authors to create reproducible papers
- Specifications that encode the computational processes

~ PEEGEER 2[R Support different approaches
- Link from publications

+ Tools for testers to repeat and validate results
- Explore different parameters, data sets, algorithms

+ Interfaces for searching, comparing and analyzing
experiments and results
- Can we discover better approaches to a given problem?

- Or discover relationships among workflows and the
problems?

- How to describe experiments?
e L B G e el e O R R G b



Vistrails: a Workflow Engine for Provenance Tracking

An Provenance-Rich Paper: ALPS2.0

The ALPS project release 2.0:
Open source software for strongly correlated
systems

B. Baer! L. D. Carr? H.G. Evertz? A. Feiguin' J. Freire’
5. Fuchs' L. Gamper' J. Gukelberger' E. Gull’ S. Guertler®
A. Hebn' R. Igarashi’!” S.V. Isakov! D. Koop’ P.N. Ma!

P. Mates' H. Matsuo!! O. Parcollet'* G. Pawlowskil*

7
Load Binder Comutant

J.D. Picon'" L. Pollet'!* E. Santos’ V.W. Scarola™®
" Ao

U. Schollwiick!” Surer! . Todo!"!!
Werner! S. Wessel

Figure 3. In this example we show a data collapse of the Binder Curnulant in the
elassical Tsing model. The data has boen produced by remotely run simulations and
the eritical exponent has been obtained with the help of the VisTrails paramcter

Workflow

Libraries

Data

S
Simulation
Results

exploration functionality

[Bauer et al.. J8FAEs20KH 1uliana Freire (AMP Workshob on Reoroducible

recefrh§2



VCR: A Universal ldentifier for Computational Results

Chronicing computations in real-time

VCR computation platform Plugin = Computation recorder

Regular program code

figurel = plot(x)
save(figurel,’figurel.eps’)

> file /home/figurel.eps saved
>

Courtesy of Matan Gavish and David Donoho (AMP Workshop on Reproducible reseazré:;'l;2



VCR: A Universal ldentifier for Computational Results

Chronicing computations in real-time

VCR computation platform Plugin = Computation recorder

Program code with VCR plugin

repository vcr.nature.com
verifiable figurel = plot(x)

> vcr.nature.com approved:
> access figurel at https://vcr.nature.com/ffaaffb148d7

Courtesy of Matan Gavish and David Donoho (AMP Workshop on Reproducible reseazré:;'l;2



VCR: A Universal ldentifier for Computational Results

Word-processor plugin App

LaTeX source
\includegraphics{figurel.eps}

LaTeX source with VCR package
\includeresult{vcr.thelancet.com/ffaaffb148d7}

Permanently bind printed graphics to underlying result content

)

Courtesy of Matan Gavish and David Donoho (AMP Workshop on Reproducible reseazré:;'l;2



Courtesy of Matan’

Figure 3

Research Paper Analysis of replicative senescence Shellon etal. 943

Time course of serum stimulation. {a) Early
passage (E: P30 or late passage
(L2 PDAS) Bl cuures were neia i 05X
serum for 2 days, then sumuiates with 10%
FBS. ANA levels from cultures at the.
Indicatad time peints (Cy5 channel) were
ared wih the uninduced staring cuture
{Cy3 channei). Poste values incicate nigrer
EXFESSION IN INOCE] CRI5; NEQate Vaas
Indicats Kower EYErESSION In INCuCed cedts
Cueson marks INGICAtE Wat INre was
InSUMCIEnt Sgnal for atEcuon. A CompicE
1SN o Serum-fesponsive genes o trs

30

mnih 4h Bh 24k Hmnih dh g 24
O=r =1
it

analysis s provided In Supplementary
material, (b) The serum-responsieness of

lect senescence-reguated genss in sary
passage (PD30) B norovlests

senescence respanse appears to averlap substantially with
gene expression parterns observed in sctivaced fibroblasts
during wound healing [24-26]. MCP-1, Gro-ct, TL-If and
IL-15 are strong effectors of macrophage and neutrophil
recruitment and activation [27,28). The upregulation af
TToll (Th-4) in senescent fibroblasts confirms the overall
immune response behavior at senescence. Tlr4is an 11-1
recepeor homolog and is implicated in the activation of the
gene regulatory protein NF-xB, a Function proposed ta be
part of the innate immune response [29]. The induction of
1L sencscence is also consistent with an innate
immune response, as IL-15 can be induced by NF-xB-
dependent transcription [30] and also participates
inflsmmatory disease processes [28].

n

Deficiencics in the respanse of senescent cells w serum
have been reported, and include an inability to
induce the expression of c-for mRNA [31] and markers of
fate G 1 and § phase [32]. In response to serum, expression
of infl v ch degrading proteases
and their modulators is induced in carly-passage dermal
fibroblasts, and expressian of matrix collagens is reduced.

Gavish and.David Doio

scripts were hyper-induced in serum-stimulared senescent

stimulatic

states overlap substantially with those in relomere-
induced senescence (W. L5, R. Allsopp, §. Lowe,
and G. Feebeyre, unpublished observations) and thus are

likely to use many of the same activation processes.

The pattern of gene expression ot senescence varies sub-
stantially in different cell eypes. Although the expression of
matrix and structural proteins, such as the collagens, ker-
atins and ausiliary faceors, s repressed in RPE cells,
inflammatory regulators are not induced, in contrast w
dermal fibroblasts. Physiologically, this would make sense,

as an acute inflammatory respanse in 4 tissuc critical for

normal vision would be likely to have deleterions conse-
quences. However, as the RPE layer has o central mle in
the deposition and maintenance of extracellular matrix in
the refina, decrements in the ability of senescent RPE cells
to maintain appropriate expression patterns, as evidenced
by decreased expression of collagens, keratins, aggrecan,
transglutaminase and so on, would be predicted to have
adyerse afficts on retinal architecture. Dysfunction of the
RPE cell layer is considered t be a substantial factor in the
development of age-related macular degencration [36]:

ha.{AMPE.Workshop .an.Reprad

the markers associated with senescence in dermal fibro-

VCR: A Universal ldentifier for Computational Results

ucible research;
22/ 32



Sumatra: an "experiment engine" that helps taking notes

> the code

changed?

create new.
record

store diff

no

A

find dependencies

get platform information

\4

run simulation/analysis

4

record time taken

v

find new files

\4

1A
add tags

Courtesy of Andrew Davison (AMP Workshop on Rw:)raducible reseazrézhl
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Sumatra: an "experiment engine" that helps taking notes

$ smt comment 20110713-174949 "Eureka! Nobel prize
here we come."

Courtesy of Andrew Davison (AMP Workshop on Reproducible reseazrg:hl

2



Sumatra: an "experiment engine" that helps taking notes

$ smt tag “Figure 6"

Courtesy of Andrew Davison (AMP Workshop on Reproducible reseazr}chl2



Sumatra: TestProject: List of records

< \ > & | + O hup://127.0.0.1:8002/ ¢

restProject: List of records

— Proceses | _swmuiator | Serpe | Tine. | Top
Version Repository Mai
file

‘Eurekal
20100709- Nobel prize : -
o 10070 obelprize | .59, Python 2.5.2 /Users/andrew/tmp/SumatraTest main.py 396c2020cas0 09/07/2010 15:42:55
come.’
o 201000 0.595 Python 2.5.2 /Users/andrew/tmp/SumatraTest main.py 396c2020cas0 09/07/2010 15:43:09
‘determine
whether the ‘apparently,
o hagalin gourdis  itisworth  0.595 Python 2.5.2  /Users/andrew/tmp/SumatraTest main.py 396c2020ca50 09/07/2010 15:43:20 fooba
worth 3 or 4 NaN shekels.’
shekels'
‘test effect
o 210070 otia smalier 0.595 Python 2.5.2  /Users/andrew/tmp/SumatraTest main.py 396c2020cas0 09/07/2010 15:43:38
0 constant’
The new
Repeat record
(m] haggling repeat experiment exactly 0.58 s Python 2.5.2  /Users/andrew/tmp/SumatraTest main.py 396c2020ca50 09/07/2010 15:43:47
haggling matches the
original.

Courtesy of Andrew Davison (AMP Workshop on Reproducible reseazré:;'l;2



So many new tools

New Tools for Computational
Reproducibility

* Dissemination Platforms:

ResearchCompendia.org IPOL Madagascar
MLOSS.org thedatahub.org nanoHUB.org

Open Science Framework The DataVerse Network RunMyCode.org

* Workflow Tracking and Research Environments:

VisTrails Kepler CDE
Galaxy GenePattern Synapse
Sumatra Taverna Pegasus

* Embedded Publishing:
Verifiable Computational Research Sweave  knitR

Collage Authoring Environment SHARE

And also: Org-Mode ©, Figshare, Zenodo, ActivePapers ©, Elsevier

executable paper ©, ...



® The Reproducible Research Movement

Good Practice for Setting up a Laboratory Notebook
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Step 0: Taking Notes

Document your:
e Hypotheses: keep track of your ideas/line of thoughts
e Experiments: details on how and why an experiment was run, including
failed or ambiguous attempts.
e Initial analysis or interpretation of these experiments: was the outcome
conform to the expectation or not? does it (in)validate the hypothesis?
e Organization: keep track of things to do/fix/test/improve
Structure:
@ General information about the document and organization conventions

(e.g., directory structure, notebook structure, experimental result stor-
ing mechanism, ...)

® Documentation of commonly used commands and of how to set up
experiments (e.g., git cloning, environment deployment, connection to
machines, compiling scripts)

© Experiment results are better structured by dates (~ add tags)
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Which format should | use ?

e Wikis are encouraged to favor collaboration but | do not find them really
effective

e Blogging systems are also a way of managing such notebook but they
should rather be considered as an effective way to share information
with others

e | recommend to use basic plain-text format and to structure it hierar-
chically

Here is a link to an excerpt of the journal of one of my PhD student,
managed with git/org-mode.

Last but not least:
Provide links to Raw Datalll

| have a very intense usage of my journal and I'll demo this tomorrow.

Moving to replicable articles and reproducible research becomes natural.
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http://starpu-simgrid.gforge.inria.fr/misc/LabBook.html#sec-8-1

Step 1: Sharing Code and Data

What kinds of systems are available?

e "Good" - The cloud (Dropbox @, Google Drive, Figshare)
e Better - Version control systems (SVN, Git and Mercurial)
o "Best" - Version control systems on the cloud (GitHub, Bitbucket)

Depends on the level of privacy you expect but you probably already know
these tools. Few handle GB files...

| A\

Is this enough?
@ Use a workflow that documents both data and process
@ Use the machine readable CSV format
® Provide raw data and meta data, not just statistical outputs
O Never do data manipulation and statistical tests by hand

@ Use R, Python or another free software to read and process raw data

(ideally to produce complete reports with code, results and prose)

v
Courtesy of Adam J"Richards
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Step 2: Literate Programming

Donald Knuth: explanation of the program logic in a natural language interspersed
with snippets of macros and traditional source code.

I'm way too 3133t to program this way but that's
exactly what we need for writing a reproducible article/analysis!

Org-mode (requires emacs)

My favorite tool.
e plain text, very smooth, works both for html, pdf, ...

e allows to combine all my favorite languages even with sessions

Ipython /Jupyter notebook

If you are a python user, go for it! Web app, easy to use/setup. ..

KnitR (a.k.a. Sweave)

For non-emacs users and as a first step toward reproducible papers:

e Click and play with a modern IDE (e.g., Rstudio)




® A Few Motivating Examples

® The Reproducible Research Movement
How does it work in "real" sciences?
Reproducible Research/Open Science
Many Different Alternatives for Replicable Analysis
Good Practice for Setting up a Laboratory Notebook

© Where are we now?
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What is needed?

e Many legal aspects about data/code/idea sharing
e | do not really care as | am a civil servant and | strongly believe research
is a team sport
e Changes in funding agency requirements
e Starting 7 But | hardly see how they could really enforce things
e Changes in journal/conferences publication requirements
e Several attempts (reproducibility labels)
e V. Stodden seems confident (progressive policies rapidly adopted, jour-
nals with high impact factors)

e Cultural changes in our relation to publication
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What is needed?

e Many legal aspects about data/code/idea sharing
e | do not really care as | am a civil servant and | strongly believe research
is a team sport
e Changes in funding agency requirements
e Starting 7 But | hardly see how they could really enforce things
e Changes in journal/conferences publication requirements
e Several attempts (reproducibility labels)
e V. Stodden seems confident (progressive policies rapidly adopted, jour-
nals with high impact factors)

e Cultural changes in our relation to publication

| think the change has to be profound and cannot be top-down
e Train our researchers and students to use better tools, better research
methodology, Statistics/Design of Experiments, performance evalua-
tion, . ..
e Several computer scientists linked with Inria have started working on
this subject. Inria asked me to animate/coordinate this group and open

it way beyond Inria so that our action is effective at national scale
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Possible Subjects

Webinars (1/month 7) with interactions, hands on keyboards when relevant.

@ Reproducible research, challenges, ethic

® Provenance tracking of experimental data

© Numerical reproducibility

O Large scale experimental platforms

O Code and Data archiving

® Workflows

@ Online journals, companion websites

® Evaluation campaign/challenges/benchmarks

o ...

I need your help so set up such organization
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