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Long-term value of data!

Achim Geiser https://indico.cern.ch/event/588219

Collaborations publish papers
even ∼15 years after data tak-
ing ends

DPHEP https://arxiv.org/abs/1205.4667

JADE data (1979–1986) still
unique even ∼35 years later
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Long-term value of knowledge?

CMS collaboration

Experimental physics done by
groups of ∼3000 physicists

Career after PhD

High turnover of young re-
searchers
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Reusable and reproducible?

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

Half of researchers cannot reproduce their own experimental results
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FAIR data principles
Findable

– persistent identifiers
– rich metadata
– indexed and searchable

Accessible
– retrievable by identifiers
– standard protocols
– metadata vs data accessibility

Interoperable
– knowledge representation language
– common vocabularies
– references to other metadata and data

Reusable
– domain-relevant attributes and community standards
– clear licensing
– provenance tracking

https://www.nature.com/articles/sdata201618
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Ten rules for repr. comp. research
1 For every result, keep track of how it was produced
2 Avoid manual data manipulation steps
3 Archive the exact versions of all external programs used
4 Version control all custom scripts
5 Record all intermediate results, when possible in standardized

formats
6 For analyses that include randomness, note underlying random

seeds
7 Always store raw data behind plots
8 Generate hierarchical analysis output, allowing layers of

increasing detail to be inspected
9 Connect textual statements to underlying results

10 Provide public access to scripts, runs, and results

https://doi.org/10.1371/journal.pcbi.1003285
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Preserving reusing data analyses

Capturing knowledge and assets of individual physics analyses to
facilitate their future reuse
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Preserving data 1/2

http://opendata.cern.ch/record/14

Context information about data selection, validation, use
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Preserving data 2/2

∼GB/analysis

∼TB/analysis

∼PB/year

∼GB/sec

↑
analysis

↑

Slicing through LHC data pyramid
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Preserving code 1/2

https://guides.github.com/activities/citable-code

GitHub↔ Zenodo bridge to automatically preserve releases
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Preserving code 2/2

Over 58,000 DOIs for software on Zenodo
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Preserving analyses 1/4

JSON Schema
W3C DCAT
domain-specific
fields

Structuring knowledge behind research data analysis
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Preserving analyses 2/4

datasets:
local storage,
cloud storage
software:
Git, SVN
information:
DBs, TWiki,
SharePoint
protocols:
HTTP, XRootD

Taking consistent snapshot of analysis assets at a certain time
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Preserving analyses 3/4

Information discovery through rich search syntax and facets
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Preserving analyses 4/4

Web based and command-line based deposit workflows
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Digital repository technology

Technology stack using digital repository
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FAIR data principles
Findable

– persistent identifiers
– rich metadata
– indexed and searchable

Accessible
– retrievable by identifiers
– standard protocols
– metadata vs data accessibility

Interoperable
– knowledge representation language
– common vocabularies
– references to other metadata and data

Reusable
– domain-relevant attributes and community standards
– clear licensing
– provenance tracking

https://www.nature.com/articles/sdata201618
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Reusing analyses

http://www.reana.io/
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REANA architecture
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REANA technology

micro-services

REST API

Bravado

services

deployments
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Four questions

1 Input data

What is your input data?
– input files
– input parameters

3 Compute environment

What is your environment?
– operating system
– database calls

2 Analysis code

Which code analyses it?
– software frameworks
– user code

4 Analysis workflow

Which steps did you take?
– single command
– complex workflows
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Simple example

1 input: CSV file

3 environment: CentOS7, IP5 2 code: Jupyter notebook

4 workflow: papermill ...

https://github.com/reanahub/reana-demo-worldpopulation
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HEP data analyses

D. Krücker et al https://indico.desy.de/indico/event/18343

Targeting both data production and data analysis stages
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Data production

Reconstruction and flat jet tuple production from CMS Open Data
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Data analyses

Several physics analysis examples
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Example: ALICE analysis train

https://github.com/reanahub/reana-demo-alice-lego-train-test-run/

Using ALICE production software for train test run and validation
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Example: LHCb rare charm decay

https://github.com/reanahub/reana-demo-lhcb-d2pimumu/

Search for D+
(s) → π+µ+µ− and D+

(s) → π−µ+µ+ decays
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Example: BSM search

https://github.com/reanahub/reana-demo-bsm-search/

Complex computational workflows typical in particle physics analyses
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Computational workflows

Serial Yadage CWL
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Running workflows

Rich command-line user client
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Reproducibility 
 Preservation

,
physicist

reproducible workflows digital repositories

preserve

reuse

use archive
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Conclusions

reusable data, reproducible analyses
– structure knowledge→ JSON schema
– capture assets→ push and pull
– actionable processes→ “workflow is the new data”

leverage on synergies
– diverse scientific domains→ DAG
– industry standards→ containers, “distributed Linux”

overcoming challenges
– technological→ scaling out, O(10GB) containers, O(10k) steps
– sociological→ culture change, smooth integration into daily work

CERN IT D. Kousidis, R. Maciulaitis, J. Okraska, D. Rodriguez, T. Šimko · CERN SIS S. Dallmeier-Tiessen, S. Feger, P. Fokianos,
A. Lavasa, S. van de Sandt, I. Tsanaktsidis, A. Trzcinska · ALICE Y. Foka, M. Gheata, C. Grigoras, M. Zimmermann · ATLAS

K. Cranmer, L. Heinrich, A. Sanchez Pineda, D. Rousseau, F. Socher · CMS H. Bittencourt, A. Calderon, E. Carrera, A. Geiser,
A. Huffman, C. Lange, K. Lassila-Perini, L. Lloret, T. McCauley, A. Rao, A. Rodriguez Marrero · LHCb S. Amerio, C. Burr,

B. Couturier, S. Neubert, C. Parkes, S. Roiser, A. Trisovic · OPERA G. De Lellis, S. Dmitrievsky · CERN CernVM J. Blomer ·
CERN EOS L. Mascetti, H. Rousseau · CERN Kubernetes R. Rocha · CERN OpenShift A. Lossent, A. Peon
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