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CERN Open Data portal
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CERN Open Data portal

I launched in November 2014
I rich content

I collision and simulated datasets for research
I derived datasets for education
I configuration files and documentation
I virtual machines and container images
I software tools and analysis examples

I total size in March 2021
I over 7’600 bibliographic records
I over 900’000 files
I over 2.4 petabytes

https://opendata.cern.ch

Developed by CERN in close collaboration with Experiments
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Education-oriented use cases

Interactive event display and histogramming for derived datasets
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Research-oriented use cases

Run CernVM Virtual Machines Run simplified research-level analysis examples
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Latest research-level content news

I August 2020 CMS released fifth batch of
new open data. All proton-proton collision
data recorded in 2010–11 and half of 2012
are available throughout the portal.
https://opendata.cern.ch/docs/cms-completes-2010-2011-pp-data

I October 2020 CMS run a CMS Open Data
Workshop for Theorists at the LPC.
https://indico.cern.ch/event/882586/

I December 2020 CMS released first 2010–11
heavy-ion data samples and reference
proton-proton datasets (214 TB).
https://opendata.cern.ch/docs/cms-releases-heavy-ion-data
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Enables independent theoretical research

Over thirty papers citing CMS open data

arXiv:1704.05066 arXiv:1807.11916 arXiv:1902.04222

Searches, QCD jet studies, Machine Learning. . .

. . . that the CMS collaboration cites!
@tiborsimko 7 / 46



LHC collaboration data preservation and open access policies

Restricted data → embargo period (∼5 years) → open data
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A FAIRy tale
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FAIR guiding principles for scientific data management

I Findable

I Accesible

I Interoperable

I Reusable
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FAIR principles: F is for Findable

The first step in (re)using data is to find them.
Metadata and data should be easy to find for both humans and computers.
Machine-readable metadata are essential for automatic discovery of datasets and services.

I F1. (Meta)data are assigned a globally unique and persistent identifier

I F2. Data are described with rich metadata (defined by R1 below)

I F3. Metadata clearly and explicitly include the identifier of the data they describe

I F4. (Meta)data are registered or indexed in a searchable resource
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Dataset information: persistent identifiers & machine readability

https://opendata.cern.ch/record/14 ≡ http://doi.org/10.7483/OPENDATA.CMS.B8MR.C4A2

Each dataset is identified by a “record ID” and optionally minted with a DOI
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Dataset information: rich context description & machine readability

https://opendata.cern.ch/record/14 ≡ http://doi.org/10.7483/OPENDATA.CMS.B8MR.C4A2

Rich curated context information on data selection, validation, and use
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Associated documentation and guides

A detailed guide to CMS global tags and condition database
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Information discovery

Faceted search interface Corresponding REST API
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FAIR principles: A is for Accessible

Once the user finds the required data, she/he needs to know how can they be accessed,
possibly including authentication and authorisation.

I A1. (Meta)data are retrievable by their identifier using a standardised communications
protocol

I A1.1 The protocol is open, free, and universally implementable

I A1.2 The protocol allows for an authentication and authorisation procedure, where
necessary

I A2. Metadata are accessible, even when the data are no longer available
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Downloading content

Browsing and downloading files manually Automated cernopendata-client
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Command-line client

Downloading metadata information Downloading and verifying files
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Working with large datasets

A dataset of 9.6 TB size, 26’958 files

Downloading file locations

Downloading one file for inspection
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Supporting HTTP and XRootD access protocols
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FAIR principles: I is for Interoperable

The data usually need to be integrated with other data.
In addition, the data need to interoperate with applications or workflows for analysis, storage,
and processing.

I I1. (Meta)data use a formal, accessible, shared, and broadly applicable language for
knowledge representation.

I I2. (Meta)data use vocabularies that follow FAIR principles

I I3. (Meta)data include qualified references to other (meta)data
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Data formats and vocabularies

A variety of data formats
ROOT as a community standard

No formal vocabularies
Some common classification
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Data semantics

Dataset variables coming with detailed semantics description
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Interoperability via accompanying examples

Dimuon spectrum analysis example H → ττ analysis example
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FAIR principles: R is for Reusable

The ultimate goal of FAIR is to optimise the reuse of data.
To achieve this, metadata and data should be well-described so that they can be replicated
and/or combined in different settings.

I R1. (Meta)data are richly described with a plurality of accurate and relevant attributes

I R1.1. (Meta)data are released with a clear and accessible data usage license

I R1.2. (Meta)data are associated with detailed provenance

I R1.3. (Meta)data meet domain-relevant community standards
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Data provenance: how were the data generated?

I full capture of data generation steps

I full capture of compute environments

I full capture of configuration files

I full capture of production scripts

Data records come with full provenance information
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Data provenance is part of the standard JSON metadata

CERN Open Data portal standardises CMS DAS/McM information
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Can we reprocess published data samples?

RAW AOD
@tiborsimko 28 / 46



Reprocessing environment: containers

ATLAS collaboration

https://hub.docker.com/r/atlas/analysisbase/tags

CMS collaboration

https://gitlab.cern.ch/cms-cloud/cmssw-docker

Docker and Singularity images help to encapsulate the computing environment
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Reprocessing workflow: computational recipe

Workflow steps to run CMS reconstruction in CMSSW environment
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Four pillars of reusable computational research

I. Input data

What is your input data?

– input files

– input parameters

III. Computing environment

What is your environment?

– operating system

– database calls

II. Analysis code

Which code analyses it?

– user code

– software frameworks

IV. Computational recipes

Which steps did you take?

– shell commands

– notebooks and workflows

@tiborsimko 31 / 46



REANA: A platform for reproducible analyses

http://www.reana.io

Install and run containerised workflows on Kubernetes, HTCondor, Slurm backends

@tiborsimko 32 / 46

http://www.reana.io


REANA: Running containerised workflows on remote compute clouds

https://github.com/cms-opendata-analyses

Structure data analysis by means of a
reana.yaml file

https://doi.org/10.1051/epjconf/201921406034

Use command-line and web interfaces to
launch analysis on remote compute clusters
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Computational recipes: notebooks & workflows

ATLAS http://cdsweb.cern.ch/record/2714064

Data analysis example: ATLAS displaced
jet search reinterpretation

CMS https://github.com/alintulu/reana-demo-JetMETAnalysis

Data production example: CMS jet energy
resolution and corrections
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Reprocessing CMS datasets on REANA

dataset=Jet

year=2011A

1 input
parameters

↓

2 workflow
factory

→

3
reana.yaml

→

5 serving open data files

↓

4 run by REANA platform

→

6 output
histograms

Parametrised workflow runnable on REANA reproducible analysis platform
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An ecosystem of sister data repositories
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HEPData widens publication-level data scope

ATLAS collaboration https://www.hepdata.net/record/ins1809175

HEPData provides interactive interface
to explore and download publication-level
data behind plots and tables

ATLAS collaboration https://www.hepdata.net/record/ins1748602

. . . now starting to handle more data types:
likelihoods!
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Zenodo preserves research software

−→ −→

←− ←−

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

GitHub ↔ Zenodo bridge to automatically preserve releases
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Machine Learning community on Zenodo

Di Florio et al http://opendata.cern.ch/record/12320

Machine-learning related datasets on the
CERN Open Data portal

Komiske et al https://zenodo.org/record/3341498

Machine-learning related datasets on
Zenodo
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Preserving “restricted” analysis knowledge

https://analysispreservation.cern.ch

CERN Analysis Preservation framework for collaboration-restricted data.
Following the same FAIR principles (FAIR 6= open!)
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A family of digital repositories in movement

experimental collaborations invidivual researchers

publication-level data

event-level data
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Conclusions
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Fostering FAIR science

CERN Open Data CERN Analysis Preservation REANA Reusable Analyses

“Capturing and sharing actionable data and knowledge behind parti-
cle physics data analyses in order to facilitate future data reuse”

CERN IT A. Mečionis, D. Rodŕıguez, P. Shandilya, T. Šimko, M. Vidal Garćıa · CERN SIS P. Fokianos, I. Koutsakis, K. Naim, A. Papadopoulos · 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, G. Galati, A. Ustyuzhanin · HepData A. Clarke, E. Maguire,

G. Watt · Invenio L. H. Nielsen, P. Panero · Zenodo F. Decourcelle, A. Ioannidis, G. Lignos · CERN CernVM J. Blomer · CERN EOS L. Mascetti, H. Rousseau ·
CERN Kubernetes R. Rocha · CERN OpenShift A. Lossent
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Free open-source solutions

https://github.com/cernopendata/

CERN Open Data on GitHub

https://opendata-forum.cern.ch

CERN Open Data user forum
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Open is not enough

https://www.nature.com/articles/s41567-018-0342-2.pdf

I CERN Open Data portal
I more than 2 petabytes of

research-level LHC data
I enables independent physics

research

I Open is not enough
I importance of runnable usage

examples
I “workflow is the new data”

I data + code + environment +
workflow → data reusability
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CERN Open Data portal: future plans

I December 2020: A common statement on the open data
policy by CERN management and ATLAS, ALICE, CMS,
LHCb and TOTEM experiments.
https://opendata.cern.ch/docs/cern-open-data-policy-for-lhc-experiments

I Prepare for forthcoming increase in open data publishing.

I Introduce flexible hot/cold disk/tape storage solution.
Part of dataset files on disk, part on tapes.

I Simplify ingestion and exposure of experiment datasets
(Rucio, Dirac).

I Further automatise provenance testing and usage
examples.
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