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Agenda

e Reproducibility and replicabillity

e Preliminary results reveal that more than 75% of
deposited research code (in R) is not easily re-executable

e Possible reproducibility solutions for
e social science research

e particle physics research




Reproducibility and
replicability

e "Reproducibility (computational) is obtaining consistent
results using the same input data, computational steps,

methods and code”

e "Replicability is obtaining consistent results across
studies aimed at answering the same scientific questions,
each of which has obtained its own data"

Reproducibility

and Replicability |y
in Science  © _ W5 A S

National Academies of Sciences, Engineering, and Medicine. 2019. https://doi.org/10.17226/25303.



Necessary conditions for
reproducibility

Research code

Code dependencies (packages, system dependencies
etc.)

Input Data
Research workflow (i.e., sequence of analysis steps)

Other (computer infrastructure dependencies, OS,
contextual information etc.)




Current practice of research
preservation for reproducibility

e Typically code and data are preserved, together with
instructions and metadata

Harvard Dataverse > American Journal of Political Science (AJPS) Dataverse > Replication Data for: Do Inheritance Customs Affect Political and Social Inequality
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A reproducibility study

* Goal: find success rate of easily re-executable research code
that uses R programming language and is publicly available

 Mimics the situation in which a third-party researcher
downloads a dataset, installs the used packages and tries to
rerun the code

e R programming language

e free software environment for statistical computing and
graphics

e widely used among statisticians, data scientists and
academics

Inspired by Coding BetteR: Assessing and Improving the Reproducibility of R-Based Research with containR by Chris Chen @



Dataverse 52)

a free and open-source web application to
preserve, share, explore, analyse research data.
48 institutions around the globe run Dataverse
instances as their official data repository.




Implementation

One job executes one Dataverse

dataset (W [
e A dataset contains: | :’
code, data, documentation S

Allocated time to run one job is 1 hour

e Some jobs ran for 17 hours or longer
The study is implemented with AWS Batch

3685 R files from 1568 Dataverse datasets were studied




DOI

(Digital Object Identifier) is a globally unique
persistent identifier that references digital objects.
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Results

Time Limit Exceeded: 477

All R files: 3,685

Executed R files: 3,208




Results

Time Limit Exceeded: 477

Successfully executed: 502

Working directory error (setwd): 818

All R files: 3,685

Executed R files: 3,208 "could not find function": 819

Package/Library error: 188

File error: 816
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Re-execution rate

e Re-execution rate of 3208 R

files

Success

15.6%

84 4%

Failed




Re-execution rate

e Re-execution rate of 3208 R e Re-execution rate of 1091
files Dataverse datasets
Success Success
15.6% 22.5%
84 4% [7.5%
Failed

Failed




Re-execution rate per year
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Re-execution rate per

field of study
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Re-execution rate per

publisher
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Discussion

Limitations of the language

e R is not backward compatible

#£ requires JAGS version 2.1.0, rjags version £.1.0-2, and RZ2jags version 0.02-07

#£ 1t 1s incompatible with newer versions of JAGS e.g. 2.2 and 3.%

setwd (~/Dropbox/Pollution and Public Perceptions in China/Data and Analysis/Dats:
setwd (~/Dropbox/Current projects/1953/Replication archive) : [newline] cannot ¢
setwd (C: /Users/IHHR /Desktop/PA replic) : [newline] cannot change working dire
setwd (/Users/ I/ Documents/Papers/Representation of Party Preference:
setwd (~replication) : cannot change working directory
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Discussion

Limitations of the language

e R is not backward compatible

#£ requires JAGS version 2.1.0, rjags version £.1.0-2, and RZ2jags version 0.02-07

#£ 1t 1s incompatible with newer versions of JAGS e.g. 2.2 and 3.%

e setwd considered a good practice in R

setwd (~/Dropbox/Pollution and Public Perceptions in China/Data and Analysis/Dats:
setwd (~/Dropbox/Current projects/1953/Replication archive) : [newline] cannot ¢
setwd (C: /Users/IHHR /Desktop/PA replic) : [newline] cannot change working dire
setwd (/Users/ I/ Documents/Papers/Representation of Party Preference:
setwd (~replication) : cannot change working directory

* More sophisticated analysis




Mini summary:

The way in which we currently deposit research code
iIn data repositories is not adequate to guarantee its
re-execution. On average, only about 15% of the R

code files can be easily re-executed.




Characterising social
sclence research

Typically small research groups
Use both survey data and big data
Often use sensitive data and proprietary software

Workflows include the use of:
e Dropbox
e Qit

e sometimes continuous integration




What went wrong?

So, an 3ns‘tB.92
)7 aaand...enter/

e There is a culture for sharing
research materials

e Often imposed by top
journals and funding bodies

e Computational and system
dependencies are often
overlooked




Possible solution

e Container-based reproducibility platforms
e Allow seamless use of the container technology

e Containers capture necessary system dependencies
and can vastly help with reproducibility

e Examples:
e Whole Tale

e Code Ocean (proprietary software)

e Binder (Jupyter)




Docker containers provide a OS-level virtualisation
that bundle software, libraries and configuration
files in an isolated environment. They are typically
more lightweight than virtual machines.




The Whole Tale project
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Code Ocean

e Research collaboration platform integrated into a web
browser

* Encourages users to define research workflow

e Support for a number of programming languages:
e python
e R
e stata

 MATLAB




Code Ocean

enveo o
o C & Secure https://codeocean.com/2016/10/26/combo-synergy-of-two-drugs/code o
CODE OCEAN
ﬁ - ombo Synergy of Two Drugs Details Code Interface e || 0B m Syved
Source Files
O 1 require(RSQLite)
2 require(plotly)
& mainR / Run 90665
() runsh 5 make.plot<-function(drugA, drugB, cell)( ' Run 9660725
6 query<-paste('select drugA_name, drugA_conc, drugB_name, drugB_conc, x2x@, HSA, Bliss from o
7 drugA, '*,*', drugB, ') and drugB_name in ("', drugA, '*,"', drugB, '*) and cell_line="* Run 9655826
8 cell, ** order by drugA_conc, drugB_conc', sep=""') -
9
10 data<-dbGetQuery(db,query) ' Run 9650940
n
12 if (dim(data)(11>0) { ) Run 3563692
13 drugA_conc<-unique(datal, "drugA_conc®))
14 drugB_conc<-unique(datal, "drugB_conc*)) ' Run 3363841
15 a.conc<-rep(c(@,1,2,3),each"4)
16 b.conc<-rep(c(8,1,2,3),4) ) Run 2826088
17 -
18 observed, data<-matrix(datal, "x2x@" ), nrow+4, ncolv4, byrow-TRUE) » & Published Result 0
15 hsa<-matrix(datal,"MSA" ], nrow-4, ncol+4, byrow-TRUE)
20 bliss<-matrix(datal,"Bliss"], nrow=4, ncol~4, byrow-TRUE)
21
22 p<-plot_ly(z=observed.data, type :
mpUt Files 23 add_trace(x*b.conc, y=a.conc, z+d3 Flgure1 png
9 24 add_trace(z*hsa, type=“surface®,
25 add_trace(x'b.conc, y-a.conc, 2°dd 5.FU & ABT-888 Combination £ «a
DrugCombo.db nsems | 26 add_trace(z bliss, typer"surface”
27 add_trace(x-b.conc, y-a.conc, z-dd ® Observed Data
28 layout(title = paste(drugA, "8 i
29 scene lisl( gA o Predicted (HSA)
38 zaxis = list(title = 9 @ Predicted (Bliss)
31 xaxis = list(title = 1 . "
32 yaxis = list(title » 9 .
33 aspectratiorlist(x1, . ‘ z
34 095 S ®
35 htalwidgets: : savewidget (as. widget . .
36 09 i
37 } @ ; : ¢
38 else { 085 ' ° 1‘ ® o
39 write(” Sorry, This cosbination o 9 [ ]
40 cat("This combination does not exif o8 L
viability .
0.7% 2
07 N5y 2
® o .
055 035
e
06 . 108
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108 . 35
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Binder
—_
jupyter

bin)der
g

(beta
Turn a GitHub repo into a collection of @
interactive notebooks

Have a repository full of Jupyter notebooks? With Binder, open those notebooks in an

executable environment, making your code immediately reproducible by anyone, anywhere.

Build and launch a repository

GitHub repo or URL

https://github.com/jakevdp/PythonDataScienceHandbook B

Git branch, tag, or commit Path to a notebook file (optional)

master Path to a notebook file (optional) File » w
T =
S




Functionality of
reproducibility platforms

e [nteractive environments
e Provide versioning and provenance tools
e Support for verification, review, licensing

e Assigning permissions (for accessing
proprietary data)

e Support cloning and republishing



Integration with Dataverse

0. .

CODE OCEAN °

Data Data + Reproducible
+Code +Code Capsule

R ducibilit
Execute and eproducibitity

Dat curate code Verlflcatlon
ata
Dataverse

By Mercé Crosas @mercecrosas



Mini summary:

The use of container- and cloud-based
reproducibility platforms is a promising solution
that can adequately preserve a wide variety of

research studies across sciences.




Characterising particle
physics research

e | arge experiments producing petabytes of data

e | arge collaborations




Characterising particle
physics research

* Typically use free and open source software

 Data to be released open access due to funding-body
policies

“Source: https://github.com/atrisovic/thesis-plots



Characterising particle
physics research

* Typically use free and open source software

 Data to be released open access due to funding-body
policies

_ How often do you reproduce
Data analysis % _l_ datasets in your analysis?
Hl

Every few months Other

ublications
Publicat 60.5% 5.3%
13.2% At most once

Raw experimental data

21.1%

Data complexity

Every few weeks

=

“Source: https://github.com/atrisovic/thesis-plots



CERN Analysis Preservation

e Digital repository for describing and capturing physics
analyses

e Supports integration with databases of the LHC
collaborations (analysis databases)

e Supports integration with GitLab, GitHub, DockerHub

=\ CERN CE/RW
Analysis Preservation \

N Erd




CERN Analysis Preservation PE™  search Create v o

Untitled document 9 SAVE & CONTINUE

Files | Data | Source Code Submission Form @

No files have been attached. Upload your
analysis files here (n-tuples, macros, publication, Basic Information D
output, etc). 10 GB of storage are available for Please provide some information relevant for all parts of the Analysis here

each analysis

Stripping/Turbo Selections [0 items] |>

ntuple/userDST-production [0 items] >

Please provide information about the steps of the analysis

User Analysis D

Additional Resources |>

Please provide information about the additional resources of the analysis

Display a menu COPYright 2018 © CERN. Created & Hosted by CERN. Powered by Invenio Software. ~ Contact ~ About  Search Tips




CERN Analysis Preservation BET

Untitled document

Search Q Create v ﬁ(%

1 SAVE & CONTINUE

Files | Data | Source Code

No files have been attached. Upload your
analysis files here (n-tuples, macros, publication,
output, etc). 10 GB of storage are available for

each analysis

Submission Form @

Basic Information
Please provide some information relevant for all parts of the Analysis here

Analysis Name

Measurement
Proponents -|—
Reviewers —|—

Review eGroup

Status

Choose from list Vi

Display a menu COPYright 2018 © CERN. Created & Hosted by CERN. Powered by Invenio Software. ~ Contact ~ About  Search Tips




reana

Reproducible research data analysis platform

Flexible Scalable Reusable Free
Run many computational Support for remote compute Containerise once, reuse Free Software. MIT licence.
workflow engines. clouds. elsewhere. Cloud-native. Made with @ at CERN.

E:\\
COMMON _% g\ CERN
WORKFLOW s J \
LANGUAGE \J >
kubernetes

e The project REANA allows analysis re-execution on a
kKubernetes cluster

e reana.lo



http://reana.io

Reana supports tools for
workflow design and execution

i -7 o ' - - -l A L 1
nPUtS E Workflow Inputs
Y | a

—— e

I , mcweight || nevents "sig"
commandj | tt /,
outputy X read
Command2 o N ¢ — . blslograms
ot oo weight | merge || "nominal® || "signal®
output, : '
Y T = nnpumle/arlallons region
1 | select || "signal”

output, . 1 -] .A' \. nputfile /name
Y
' ' lect_hist
command, M—— |

1 - =) l ------ -

[
. |
~ ~r— ' |
~ ” ' l
b ' l
LS » l
- [
: I Workflow Outputs !
J I

Serial Yadage CWL




CERN Open Data

4 o )

Explore more than 1 petabyte
of open data from patrticle physics! /

Strtyping. m

search examples: collision datasets, keywords:education, energy:7TeV

N

Explore Focus on
datasets ATLAS\
. (]
software ALICE
environments CMS
Adociimantation L HIC K




open

CERN

T E

About -~

masterclass x

Filter by type

v Dataset
Derived

v Documentation
Activities

v L Environment
VM

v L Software
Analysis
Tool

Filter by experiment

ALICE
ATLAS
CMS
LHCDb

Filter by year

201
2012

Filter by file type

P8
root

Filter by keywords

education
external resource

¥ masterclass
teaching

58
58

- -

- N W

57

18
37

13

66

Sort by: | Best match v asc. |

Found 66 results.

ATLAS ZPath 2015 Masterclass dataset

A dataset of 1000 event display files accessible
events were recorded in 2012 by the ATLAS det

ATLAS WPath 2015 Masterclass dataset

A dataset of 1000 event display files accessible
events were recorded in 2011 by the ATLAS det

 Dataset ] Derived § ATLAS |

ATLAS WPath 2015 Masterclass dataset

A dataset of 1000 event display files accessible
events were recorded in 2011 by the ATLAS det

 Dataset ] Derived J ATLAS |

ATLAS WPath 2014 Masterclass dataset

A dataset of 1000 events taken in 2011 by the A
Path...

Event Selection

(By Tibor Simko)
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Conclusions

e Computational reproducibility is a hard problem that is
likely becoming worse

e Container-based reproducibility platforms as a possible
solution

e Some disciplines (like particle physics) require tailored
solutions




