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Terminology

T

Repeatability

Replicabllity — Conditions very discipline specific

Reproducibility

Reusabllity
Repurposing

INn order to reuse/repurpose results, you sometimes have to

*
reproduce the original results first (to understand the exact details [1]) *
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10 reproduce or reuse ’
research results a researcher *

needs...

- More than “just” the article

- Context, documentation

- Links to related research objects: data,
code, workflows

- Understandable method, processing,
software etc.

- Steps taken during the research process

(versions)




A data publishing perspective: establishing context

Data
Publication
. Review:
~Editing » Code —
» Data Data, code, metadata: ’W
/ \ [ ™ » Metadata, » Archival storage X D::cr;ve:;n ~~---.~->CEnd user ZED
generate as » Repository entry
Data necessary * Access I n
/ Data set | [EpOSItOry i : .
submission , : # ; :
Version control, ; ; -
persistent identifier : : : -
: Services R N TR "o
} Version control : ;
_4.[ Ingest : : :
: --><Website)
Peer review: :
A » Code :
Editing > Data S :
» Metadata Services N R o
Data :
y article 1 : Do
Data article » submission - - : ..
\L,r—\/ Publication : i
» Distribution : Yy
- Peer review: > Typesetting » Discovery ~~--~'--b<End user 2b)
——Editing » Article — » Metadata ™ » Access
» Link to data

! 2] DOI: 10.1007/300799-016-0178-2




Helicopter view: [rusted bridges across research life-cycle @

Subsets of Data
Multiple Versions
Dynamic Data

Who?

(=) When?
(R ull

http://doi.org/10.5281/
ZENODQ.30800

http://orcid.org/
0000-0002-4695-7874

Linking data with data

Linking data with contributors

-]

http://doi.org/10.5281/ZENODQO.30799

/

http://doi.org/10.5281/ZENODQO.30800

0000-0002-4695-7/874

R

http://doi.org/10.13039/
501100000780

i &
N & http://orcid.org/
N (R

LINnking data with articles

Slide credit to Trisha Cruse, Datacite

Linking data with institutions/funders



Our goal Is to ensure that every
researcher, at any phase of their
career, or at any institution, will
have seamless access to
Persistent |dentifiers (PIDs) for
thelr research artefacts anad
thelr work will be unigquely
attributed to them

i 0 E /e

Technical and Human
iINnfrastructure
for Open Research

https://project-thor.eu/
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Physics Community

Discussions, requirements and
emerging services
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A use case: High Energy Physics

- Small community, data driven

- Every experimental analysis with complex and big data and software pieces
- Experience with Open Access (it is the de facto default, in fact)
- Little or no experience with Open Science

- The usual: high throughput of personnel

There is only one LHC in the world: What does that mean for ....

reproducibility and replicability of an analysis?
- Surely it is work intensive, lots of dependencies

- What is needed? What makes sense for science?



First requirements

Link articles and data/software, enable data discovery

Incentivize open data and code sharing (data/software citation)

Build further connections early in the research process = towards a network of
research objects

That enable collaborators to understand the research context
That can be searched for (internally) to accelerate research processes

Preservation



opendata

. ABOUT SEARCH EDUCATION RESEARCH

Education Research

Visualise events, check — \ ' / - Get the genuine working

reconstructed data, run tools or environments, virtual machines

build your own! _ | and datasets to start your research
( —

-

Start analysing

opendata.cern.ch
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impact .
Gern makes J00TB of data available to downloac

Speaking of Science

By EMILY REYNOLDS

Open sourcing the
secrets of the universe

huge amount of ! o=~

- Teilchenbeschleuniger LHC: 300 Terabyte Forschungsc
Hadron polllder freigeseben
HOW Onllne @ neiseonline 26.04.2016 11:34 Uhr - Martin Holland
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- HEPData

Q Browseall & Aad, Georgesetal.

€ Hide Publication Information

Measurement of the
dependence of transverse
energy production at large
pseudorapidity on the hard-
scattering kinematics of proton-
proton collisions at 4/s = 2.76
TeV with ATLAS

Aad, Georges , Abbott, Brad , Abdallah, Jalal ,
Abdinov, Ovsat , Aben, Rosemarie , Abolins,
Maris , AbouZeid, Ossama , Abramowicz, Halina
, Abreu, Henso , Abreu, Ricardo

ATLAS
Phys.Lett. B756 (2016) 10-28, 2016
http://dx.doi.org/10.17182/hepdata.71318

DOI ] View paper in Inspire | | View old HepData

Abstract (data abstract)

CERN-LHC. The relationship between jet
production in the central region and the
underlying-event activity in a pseudorapidity-
separated region is studied in 4.0 pb~! of

\/§ = 2.76 TeV pp collision data recorded with
the ATLAS detector at the LHC. The underlying

Q Search HEP Data

& Download All v

Y Filter 34 data tabl

Table 1 >I

Data from F2
10.17182/hepdata.71318.v1

Mean value of the sum of
the transverse energy in
-49<eta<-3.2inpp
collisions, <SumET>.
Reported...

Table 2 >

Data from F2
10.17182/hepdata.71318.v1

Mean value of the sum of
the transverse energy in
-49<eta<-3.2inpp
collisions, <SumET>.
Reported...

Table 3 >

Data from F2
10.17182/hepdata.71318.v1

Mean value of the sum of
the transverse energy in
-49<eta<-3.2inpp
collisions, <SumET>.

Table 1

Last updated on 2016-02-29 10:57 |l Accessed 222 times 99 Cite

©® About ®Help M Signin

http:/www.hepdata.net/r (7] &~ | JSON

Mean value of the sum of the transverse energy in -4.9 < eta < -3.2 in pp collisions, .
Reported as a function of dijet pT*avg, shown here for +2.1 < eta”dijet < +2.8.

10.17182/hepdata.71318v1/t1

cmenergies observables

¥ 2760.0 ® SUMET  © ET
R 04
RE PP-->JET(S) X
SQRT(S) 2760.0 GeV
YRAP 2.1-2.8
PTAVG [GEV] SUMET [GEV]
50.10- 63.10 10.2 201 stat *09 sy
63.10-79.40 9.9 £0.2 stat 07 sys
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¥ Inclusive
W Proton-Proton Scattering

W Jet Production

Visualize
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+
10.0 -
*
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*
9.0 -
9’
8.5 —

reactions

© PP-->JET(S) X

Copyright ~1975-Present HEPData, funded by STFC, UK, developed and hosted at CERN, supported by IPPP Durham. Terms of Use.



Welcome to INSPIRE, the High Energy Physics information system. Please direct questions, comments or concerns to
feedback@inspirehep.net.

INSPIRE

EXPERIMENTS :: JOURNALS :: HELP

INsTITUTIONS :: CONFERENCES :: JoBS ::

Hep :: HePNAMES ::

Profile Name Q Search

Cranmer, Kyle S.
Manage Profile Manage Publications Help

PERSONAL INFORMATION

® 2016-09-09 10:23:32

PUBLICATIONS AND OUTPUT STATS

Personal Details (HepNames) Publications Datasets External Citations Summary

Name Kyle S. Cranmer 1. Data from figure 1 from: Search for gluinos in events with two same-sign 747 papers found, 738 of them citeable (published or arXiv)
leptons, jets and missing transverse momentum with the ATLAS detector in i )
Current New York U. pp collisions at \/S‘ =7 TeV Citeable Published
Institution 2. Data from figure 1 from: Search for gluinos in events with two same-sign PEPOTS only
leptons, jets and missing transverse momentum with the ATLAS detector in
E-mail cranmer@cern.ch p;)) collisfons at \/s = 7gTeV Number of papers 738 638
Links http://theoryandpractice.org/ 3. Additiongl data frorp: Search for gluinos in events yvith two same-sign . analyzec:
_ . . . leptons, jets and missing transverse momentum with the ATLAS detector in Number of citations: 69629 66227
https://www.linkedin.com/in/Ky... pp collisions at \/E — 7 TeV umber of citations:
http:// tW|.tter.com/ KyleCranmer... 4. Data from figure 2 from: Search for gluinos in events with two same-sign Citations per paper 94.3 103.8
https://github.com/cranmer leptons, jets and missing transverse momentum with the ATLAS detector in (average):
llisi t =7 TeV
Fields HEP-EX pp collisions at /s = 7 Te - | | . ,
5. Data from figure 2 from: Search for gluinos in events with two same-sign hyep index [?] 119 17
HEP-PH leptons, jets and missing transverse momentum with the ATLAS detector in
PHYSICS pp collisions at /s =7 TeV e
. , , , , Breakdown of papers by citations:
Experiments FNAL-E-0830 6. Data from figure 3 from: Search for gluinos in events with two same-sign Citeabl Published
leptons, jets and missing transverse momentum with the ATLAS detector in lteable ublishe
CERN-LHC-ATLAS pp collisions at \/E =7 TeV papers only
CERN-LEP-ALEPH
Renowned papers (500+) 17 16
Identifiers BAI: K.S.Cranmer.1
INSPIRE: INSPIRE-00074922 Famous papers (250-499) 21 20
ORCID: 0000-0002-5769-7094 Co-Authors Papers Very well-known papers (100- 117 115
ARXIV: cranmer_k_1 249)
B.Mellado.1 (13) All Single
W.Quayle.1 (11) papers authored Well-known papers (50-99) 168 163

9) All papers 747 11



Barriers to practicing
reproducible research

“We find that code, data, and ideas are
each regarded differently in terms of
how they are revealed and that guidance
from scientific norms varies with
pervasiveness of computation in the
field.

The largest barriers to sharing are
time involved In preparation of work
and the legal Intellectual Property

framework scientists face.” [6]



Moving upstream

In the research lifecycle
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Analysis
Preservation
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Considerations for service providers

Future purpose: reuse, reproducibility, preservation

What are the components of an analysis (where are they stored now)
How much do these components vary within the collaboration

How Is quality defined

What are the dependencies (software, methods)

Versioning

LiNnking
Size (10-15TB per analysis)
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A looooong
form

Submission form with auto-
complete functionality (based on
connections made to existing
databases within the
collaboration)

CERN . . DEMO & sunje.dallmeiertiessen@cern.ch @
Analysis Preservation

Basic Info JSON

WARNING: This is just a DEMO. Data saved is NOT backed-up at the moment and might be lost during any system upgrade

Basic Information v

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

Analysis Number

Abstract

Conclusion

People Involved Names

Email-Adresses



Detailed
DNYSICS
Mmetadata

Access via APIs to internal
databases provides key
information — CAP connects it

Further information, such as OS,
analysis software and related
internal discussions,
presentations and publications

Detailed physics information
(e.g. final state particles, cuts
and vetos) for future reuse

Event Selection

User Code Base

Processing

Physics Objects ltem #1

Object gelect Object

Relations + Add New ltem
Vetos + Add New ltem

URL E.g. git@github.com:johndoe/myrepo.git

Download snapshot?

Tag £ 4. v2.1

Revision Identifier E.g. your git commit hash

Item #1

| t
npy Dataset Select Dataset

2|
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Reproducipility
18t lessons learnt

- Challenge of granularity, complexity,
dependencies

. Solutions available to do data/software
publishing, linking and data citation

- Applicable to other disciplines as well

- Moving upstream to enable reproducible
research without “too much extra work™

- Role of docker, VMs”?
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