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What is an analysis facility?
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Analysis Facilities Whitepaper

https://www.google.com/url?q=https://arxiv.org/abs/2404.02100&sa=D&source=editors&ust=1740481990702935&usg=AOvVaw0oEwVM4gnbZctZsa-ltyhJ
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What is an analysis facility?
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Analysis Facilities Whitepaper

Analysis facility (AF): infrastructure and services that provide integrated data, software and 
computational resources to execute one or more elements of an analysis workflow.

● Perform fast research iterations on large datasets interactively.

● Convert interactive to batch-schedulable workloads.

● Interact with the WLCG and scale outside of the facility on occasion.

● Reproducibly instantiate desired software stack.

● Collaborate in a multi-organisational team.

● Efficiently train machine learning models for HEP.

https://www.google.com/url?q=https://arxiv.org/abs/2404.02100&sa=D&source=editors&ust=1740481991042238&usg=AOvVaw0RlVY-aT6aU_gT0RXY83MC
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The CERN ecosystem
A facility of Analysis Facilities
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LxPlus
LxBatch

CVMFS

https://www.google.com/url?q=http://swan.cern.ch&sa=D&source=editors&ust=1740481991186284&usg=AOvVaw07XGtIPDtuxOZSTOTSLt7Z
https://www.google.com/url?q=https://batchdocs.web.cern.ch&sa=D&source=editors&ust=1740481991230263&usg=AOvVaw341rsbNPrkZxO8xZ48_png
https://www.google.com/url?q=http://ml.cern.ch&sa=D&source=editors&ust=1740481991290387&usg=AOvVaw2LEahzEqrVShGLijKcTdI3
https://www.google.com/url?q=https://lxplusdoc.web.cern.ch/&sa=D&source=editors&ust=1740481991290743&usg=AOvVaw0zzPoYn7kLIVvw4Z1-kQLd
https://www.google.com/url?q=http://reana.cern.ch&sa=D&source=editors&ust=1740481991292250&usg=AOvVaw3rGLlod1bdNzMufljhEL1M
https://www.google.com/url?q=https://eos-docs.web.cern.ch&sa=D&source=editors&ust=1740481991292385&usg=AOvVaw1UBGOzz9IGcTzcMg19DQsK
https://www.google.com/url?q=https://cernvm.cern.ch&sa=D&source=editors&ust=1740481991292506&usg=AOvVaw2VD5Kts-itCQCVFb5Q8he9
https://www.google.com/url?q=https://vre-hub.github.io/&sa=D&source=editors&ust=1740481991293121&usg=AOvVaw0HkP7tw-XibDenFuPP2bgC
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SWAN at CERN
Service for Web based ANalysis
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Jupyter notebooks technology
● Interactive analysis with a web browser

○ No local installation is needed
○ Based on Jupyter Notebooks
○ Calculations, input data and results “in the 

Cloud”

● Good for data analysis and exploration, 
but also for teaching

● Easy sharing of scientific results: plots, 
data, code

● Added value: integration with CERN 
infrastructure and services!
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SWAN at CERN
Spinning up the service
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The CERN pilot Analysis Facility
Scaling columnar interactive analysis to batch
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 Leverages CERN resources (HTCondor)
• Via RDataFrame / coffea + Dask

Web portal

User session
1. Submit job requests to 
deploy Dask workers

2. Execute 
jobs

3. Run analysis 
computations

ref.

https://www.google.com/url?q=https://swan.docs.cern.ch/condor/intro/&sa=D&source=editors&ust=1740481993336735&usg=AOvVaw2pqLyQy3iHXGyOhUTvTe5t
https://www.google.com/url?q=https://swan.docs.cern.ch/condor/intro/&sa=D&source=editors&ust=1740481993336818&usg=AOvVaw0KT3UUK4EJNFmFkDM7YcCQ
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The CERN pilot Analysis Facility
Scaling interactive analysis to batch
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 Pilot’s interactive jobs benefit from dedicated resources in the CERN HTCondor pool
• Dedicated buffer of ~1.2k cores for quick (number) allocation of resources
• Extra resources from common pool, job start time subject to experiment quotas

Common pool

Dedicated buffer



(Re)interpretation of the LHC results - Giovanni Guerrieri - February 26th 2025

Best test users for the pilot
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User’s profile
● Have a columnar-based analysis (RDataFrame or Coffea) that leverages Dask. 
● Be able to submit condor batch jobs on lxplus.
● Have data stored on eos.

What feedback we would like to have
● Clarity of documentation.
● What you like, what you don’t like and what you would like.
● Signal any possible improvements so that it suits better the needs of an analyser.
● Report issues with interface, resource allocation, analysis execution, data access, 

software, …
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More information on SWAN and the pilot at
https://swan.docs.cern.ch

Do you have a use case for the pilot? 
Join the Mattermost Channel

(First join the IT-dep mattermost team)

10

https://www.google.com/url?q=https://swan.docs.cern.ch/condor/intro/&sa=D&source=editors&ust=1740481993897582&usg=AOvVaw1Xw579UvHm8aV9lRwv8Utr
https://www.google.com/url?q=https://mattermost.web.cern.ch/it-dep/channels/temporary-caf-pilot-temporary-support&sa=D&source=editors&ust=1740481993897911&usg=AOvVaw1R9SKQJsiqMdH6TBHQ1N_d
https://www.google.com/url?q=https://mattermost.web.cern.ch/signup_user_complete/?id%3Dx4ayegxbnibe8cij318i83ksze%26md%3Dlink%26sbr%3Dsu&sa=D&source=editors&ust=1740481993898198&usg=AOvVaw0EjVZ2cOIYlk8vlBQ0kABP
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What is an analysis facility?
A quick recap
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Analysis Facilities Whitepaper

Analysis facility: infrastructure and services that provide integrated data, software and computational 
resources to execute one or more elements of an analysis workflow.

● ✅ Perform fast research iterations on large datasets interactively.

● ✅ Convert interactive to batch-schedulable workloads.

● ✅ Interact with the WLCG and scale outside of the facility on occasion.

● ❓ Execute desired analysis workflows reproducibly.

● ❓ Collaborate in a multi-organisational team.

● ❓ Efficiently train machine learning models for HEP.

https://www.google.com/url?q=https://arxiv.org/abs/2404.02100&sa=D&source=editors&ust=1740481993905209&usg=AOvVaw3kXygQoAufHJHEokTPeHYl
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REANA
Reproducible research data analysis platform
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ref.

REANA is a reproducible analysis platform allowing scientists to run declarative computational data 
analysis pipelines on containerised compute clouds.

REANA was built with the goal of fostering computational reproducibility.

It has installations and code distributions in Europe (e.g. AIP) and US (e.g. UChicago)

https://www.google.com/url?q=https://indico.cern.ch/event/1338689/contributions/6016057/&sa=D&source=editors&ust=1740481993929394&usg=AOvVaw1b4h7z9xk_jYD3TrOcZ7TE
https://www.google.com/url?q=https://indico.cern.ch/event/1338689/contributions/6016057/&sa=D&source=editors&ust=1740481993929535&usg=AOvVaw1FWeELQfnZJYy_q7jxscpj
https://www.google.com/url?q=https://escience.aip.de/ag2023/AG2023-H_Enke-2Years-PUNCH4NFDI.pdf&sa=D&source=editors&ust=1740481993932748&usg=AOvVaw2NCYeDHOl_cm5n5iIFasF9
https://www.google.com/url?q=https://reana.af.uchicago.edu/signin&sa=D&source=editors&ust=1740481993932851&usg=AOvVaw0u7eOrs-qqmT3zPH-ax2aQ
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REANA
Reproducible research data analysis platform
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Multiple compute 
backends:

● Kubernetes
● HTCondor
● Slurm

Multiple workflow 
languages:

● CWL
● Serial
● Snakemake
● Yadage

Multiple means of use:
● Command-line 

client
● Web UI

ref.

https://www.google.com/url?q=https://indico.cern.ch/event/1338689/contributions/6016057/&sa=D&source=editors&ust=1740481994704528&usg=AOvVaw1ZHE5CUtKuDblqoR5Dcs5G
https://www.google.com/url?q=https://indico.cern.ch/event/1338689/contributions/6016057/&sa=D&source=editors&ust=1740481994704638&usg=AOvVaw1ShRXHn-h9-eE75sT4RvFa
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REANA
A quickstart
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ref.

# workflow/snakemake/Snakefile

rule all:
    input:
    "results/data.root",
    "results/plot.png"

rule gendata:
    output:
        "results/data.root"
    params:
        events=20000
    container: 
        "docker://docker.io/reanahub/reana-env-root6:6.18.04"
    shell:
        "””
        mkdir -p results 
        root -b -q 'code/gendata.C({params.events},\"{output}\")'
        “””

rule fitdata:
    input:
        data="results/data.root"
    output:
        "results/plot.png"
    container:
        "docker://docker.io/reanahub/reana-env-root6:6.18.04"
    shell:
        "root -b -q 'code/fitdata.C(\"{input.data}\",\"{output}\")'"

https://www.google.com/url?q=https://www.reanahub.io/%23getstarted&sa=D&source=editors&ust=1740481994937417&usg=AOvVaw0ZqziLGpvJPdRn8vMgk5Ur
https://www.google.com/url?q=https://www.reanahub.io/%23getstarted&sa=D&source=editors&ust=1740481994937515&usg=AOvVaw380bcGNLwRF9nEOlTehFeR
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REANA
Usage example: pMSSM reinterpretation of ATLAS Run-2 searches
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https://arxiv.org/abs/2403.03494 https://arxiv.org/abs/2402.01392

https://www.google.com/url?q=https://arxiv.org/abs/2403.03494&sa=D&source=editors&ust=1740481995779330&usg=AOvVaw0BT9qDT99NS8r3pDzvggoO
https://www.google.com/url?q=https://arxiv.org/abs/2402.01392&sa=D&source=editors&ust=1740481995938167&usg=AOvVaw0oocGvxpk3SL4yjvhmEfqM
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More information on REANA at
https://www.reanahub.io/
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https://www.google.com/url?q=https://www.reanahub.io/&sa=D&source=editors&ust=1740481996547885&usg=AOvVaw0ToDH8g-mlPhOToM2JCAu_
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What is an analysis facility?
A quick recap
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Analysis Facilities Whitepaper

Analysis facility: infrastructure and services that provide integrated data, software and computational 
resources to execute one or more elements of an analysis workflow.

● ✅ Perform fast research iterations on large datasets interactively.

● ✅ Convert interactive to batch-schedulable workloads.

● ✅ Interact with the WLCG and scale outside of the facility on occasion.

● ✅ Execute desired analysis workflows reproducibly.

● ❓ Collaborate in a multi-organisational team.

● ❓ Efficiently train machine learning models for HEP.

https://www.google.com/url?q=https://arxiv.org/abs/2404.02100&sa=D&source=editors&ust=1740481996552794&usg=AOvVaw2x-IXLHGC2y3OpsQfEnG3H
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I don’t have a CERN account 😞

18
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ESCAPE: European Science Cluster of Astronomy and 
Particle Physics
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Consortium of 31 members, including:

• 10 ESFRI projects & landmarks:  CTA, EST, FAIR, 
HL-LHC, KM3NeT, SKA, LSST, VIRGO, ESO, JIVE

• 2 pan-European International Organizations: CERN 
and ESO

• 2 European Research Infrastructures: EGO and 
JIV-ERIC

• 4 supporting European consortia: APPEC, 
ASTRONET, ECFA and NuPECC

Budget: 15.98 M€ 

Duration: 48 months (1/2/2019 -31/1/2023)

ESCAPE has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under Grant Agreement no. 824064.

https://www.google.com/url?q=https://projectescape.eu/&sa=D&source=editors&ust=1740481997222909&usg=AOvVaw09XgOZ9aA35VhJ-0VPC2vw
https://www.google.com/url?q=https://research-and-innovation.ec.europa.eu/strategy/strategy-2020-2024/our-digital-future/european-research-infrastructures/esfri_en&sa=D&source=editors&ust=1740481997229021&usg=AOvVaw13zNUhs_wXGRZ6lFDDceEw
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The CERN Virtual Research Environment
A CERN-agnostic version of SWAN

20

Analysis

Data 
Management

Notebook 
Service

Authentication and 
authorization

https://www.google.com/url?q=https://indigo-iam.github.io/v/current/&sa=D&source=editors&ust=1740481997709092&usg=AOvVaw33YjvatoOdPmm7fS3vCdFq
https://www.google.com/url?q=https://indigo-iam.github.io/v/current/&sa=D&source=editors&ust=1740481997709198&usg=AOvVaw3Q7dAedfsy4OPPOVaRKFN3
https://www.google.com/url?q=https://rucio.github.io/&sa=D&source=editors&ust=1740481997724277&usg=AOvVaw0qPnm2YvYkNQclUoXWy7Dh
https://www.google.com/url?q=https://docs.reana.io/&sa=D&source=editors&ust=1740481997724638&usg=AOvVaw1le8OQxK-P7lwOdsxIahV5
https://www.google.com/url?q=https://jupyterhub.readthedocs.io/en/stable/&sa=D&source=editors&ust=1740481997724763&usg=AOvVaw3w3WZKJaR-UfErtDOUpr0I
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User’s interactions with the VRE See more in Sukanya’s presentation

https://www.google.com/url?q=https://zenodo.org/&sa=D&source=editors&ust=1740481998126238&usg=AOvVaw2kJA0xsoncI4ScOQbgHb3f
https://www.google.com/url?q=https://zenodo.org/&sa=D&source=editors&ust=1740481998126322&usg=AOvVaw1eqMysvZq2IFw7cLlAwWlB
https://www.google.com/url?q=https://indico.cern.ch/event/1466101/contributions/6371291/&sa=D&source=editors&ust=1740481998127695&usg=AOvVaw1LCU5mW_tK_wTCNAg9UyWO
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Comparison 
(is the thief of joy)
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Available at the click of a button ✅

Data persistence ✅

No account restrictions ❌

Change easily the software stack ✅

Access >200 cores ✅

Access to batch ✅

Access to GPUs ✅

Integration with Data Lake tech. ❌

Integration with REANA ❌

✅ Available at the click of a button 

✅ Data persistence 

✅ No account restrictions 

✅ Change easily the software stack 

❌ Access >200 cores 

❌ Access to batch 

❌ Access to GPUs 

✅ Integration with Data Lake tech. 

✅ Integration with REANA 
Production service 

Can sustain heavy workloads
Proof of concept platform 
Features more functionalities
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More information on the VRE at
https://vre-hub.github.io/ 
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https://www.google.com/url?q=https://vre-hub.github.io/&sa=D&source=editors&ust=1740481998282290&usg=AOvVaw0GXIbYFBdPdYskfvUH53G7
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What is an analysis facility?
A quick recap
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Analysis Facilities Whitepaper

Analysis facility: infrastructure and services that provide integrated data, software and computational 
resources to execute one or more elements of an analysis workflow.

● ✅ Perform fast research iterations on large datasets interactively.

● ✅ Convert interactive to batch-schedulable workloads.

● ✅ Interact with the WLCG and scale outside of the facility on occasion.

● ✅ Execute desired analysis workflows reproducibly.

● ✅ Collaborate in a multi-organisational team.

● ❓ Efficiently train machine learning models for HEP.

https://www.google.com/url?q=https://arxiv.org/abs/2404.02100&sa=D&source=editors&ust=1740481998287379&usg=AOvVaw1UHiiEaGbu2C7Su-sflBnf
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ml.cern.ch
Run machine learning workloads
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ref.

What is Kubeflow?

Kubeflow is a community and ecosystem of open-source 
projects to address each stage in the ML lifecycle

● Community & Ecosystem: Open-source projects 
addressing each stage of the ML lifecycle.

● Purpose: Simplifies, makes AI/ML on Kubernetes 
portable and scalable.

● Audience: Researchers, data scientists, ML engineers, 
developer teams.

● Modular & Scalable Tools: From building to 
deploying ML models for AI applications.

https://www.google.com/url?q=https://www.kubeflow.org/docs/started/introduction/&sa=D&source=editors&ust=1740481998299925&usg=AOvVaw3vAPlVwAHbX37bRjv1z-mt
https://www.google.com/url?q=https://www.kubeflow.org/docs/started/introduction/&sa=D&source=editors&ust=1740481998300034&usg=AOvVaw1ihSQ7cmCBDXLC9aLVVQlJ
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More information on ml.cern.ch at
https://ml.cern.ch/   
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https://www.google.com/url?q=https://ml.cern.ch/&sa=D&source=editors&ust=1740481998544322&usg=AOvVaw1f-BjMcXUnWsNypK9Qg1B2
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Summary
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Analysis facility: infrastructure and services that provide integrated data, software and computational 
resources to execute one or more elements of an analysis workflow.

● ✅ Perform fast research iterations on large datasets interactively.

● ✅ Convert interactive to batch-schedulable workloads.

● ✅ Interact with the WLCG and scale outside of the facility on occasion.

● ✅ Execute desired analysis workflows reproducibly.

● ✅ Collaborate in a multi-organisational team.

● ✅ Efficiently train machine learning models for HEP.


