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1. System Overview & Philosophy
● What is your workflow engine's core design philosophy?

○ Offer a containerised platform allowing researchers to organise and execute 
declarative workflows on compute clouds.

● Architecture approach (e.g., web-based, microservices, meta-workflow, grid 
computing
○ Cloud-native micro-service architecture. OpenAPI, MQ, DB, OpenSearch.
○ Offer multiple workflow engines to fit popular habits in the community.
○ Add sidecar services to enrich upstream engines. Example: VOMS proxy.

● Primary target audience and use case
○ Searches for new physics Beyond Standard Model. Analysis reinterpretation.
○ Generic workflow-as-a-service execution engine for both data production, 

data analysis, and data verification needs.
○ Installations exist in related scientific disciplines (e.g. astronomy).

● Key design principles (accessibility, scalability, reproducibility, automation)
○ Yes :) 2
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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

https://www.reana.io

https://www.reana.io


Typical data production and data analysis use cases

Data production example: CMS jet energy 
resolutions and corrections

Data analysis example: ATLAS displaced 
jet reinterpretations
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2. Workflow Definition & User Experience
● How do users create and manage workflows?

○ Workflows are typically authored in source code repositories which serves as 
a single-source-of-truth for user input. An analysis may take 1-2 years.

● Workflow description format (visual editor, YAML, Python, etc.)
○ Common Worklfow Language, Dask, Serial, Snakemake, Yadage.

● User interface approach (web GUI, command-line, API)
○ Web, CLI (Python, Go), OpenAPI.

● Learning curve and accessibility for different user types
○ Faster for people already using declarative workflow concept.
○ Slower for people switching mindset from imperative to declarative paradigm.
○ Example: It took one week for a CMS physicist working in H→WW to adapt 

his analysis to REANA with zero prior knowledge.
● Example: Show a simple workflow creation process

○ Terminal → editor → reana-client → web inspection.
○ Browser → click on “Run on REANA” badge → web launcher. 5
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Visualise workflow outputs

Run workflow on REANA

Express workflow structure and 
submit workflow for execution

Consult workflow logsIdeation

Share with colleagues



3. Execution & Scalability
● Where and how do workflows run?

○ Workflow orchestration runs on Kubernetes, workflow jobs can run hybridly 
on Kubernetes/HTCondor/Slurm based on user choice (workflow hints).

● Execution environments (local, cluster, cloud, grid)
○ Supported: Kubernetes, HTCondor, Slurm, Compute4PUNCH.
○ In progress: Remote compute endpoints via MultiKueue (see EOSC).

● Scalability model and resource management
○ REANA was tested on Kubernetes clusters up to 600 nodes and 5k cores.
○ In progress: Multi-cluster setup for further scaling. (Or dispatch to HTConor.)
○ Fair-share depending on user load and workflow complexity.

● Support for parallel execution and distributed computing
○ Core feature.

● Container/virtualization support
○ Container images are the primary execution mode.
○ Alternatives: Apptainer and CVMFS unpacked images on HTCondor, Slurm. 7
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An exmaple of IRIS-HEP 
Analysis Grand Challenge 
benchmarks.

An example of Kubernetes 
cluster resilience studies for 
sustained user workflow 
submissions.



4. Data Management & Integration
● How does your system handle data and integrate with other tools?

○ Assumes a POSIX file system for hosting user workspaces.
○ An option to use Rucio sidecar to stage-in / stage-out data.
○ Users often live-stream data via XRootD.

● Data flow and management approach
○ Fully defined by individual user workflow definitions.

● Integration with storage systems and databases
○ CVMFS, EOS, Rucio.

● Data provenance and versioning
○ Separate workflow runs use independent workspaces.
○ Workflow restarts iterate on the identical workspace.

● Interoperability with other systems and standards
○ User-defined: automated data publishing to HEPData repository.
○ Automated connection to GitLab for workflow execution upon code push.
○ A possibility to open Jupyter sessions alongside running workflows. 9
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An example of data stage-out with Rucio

Integration with GitLab with a “continuous analysis” flow

An example of a workflow run versioning: 
an ATLAS pMSSM analysis requiring 
over 9000 workflow runs.



5. Reproducibility & Sharing
● How do you ensure reproducible science?

○ Relying on container technology to encapsulate original compute 
environments.

○ Instantiate necessary runtime services as needed (database snapshots, 
custom Dask versions).

● Workflow versioning and dependency management
○ Using standard workflow languages with Git integration.

● Sharing mechanisms and repositories
○ Automated output data publishing to HEPData repository.

● FAIR principles support
○ REANA acts as an “analysis engine” to accompany digital repository services 

such as CERN Open Data, CERN Analysis Preservation, Zenodo.
● Long-term preservation capabilities

○ Customisable workflow retention mechanisms.
○ Recommending data egress to truster long-term digital repositories. 11
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