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Abstract. Workflows have become a major tool for the processing of Research Data, for ex-
ample, data collection and data cleaning pipelines, data analytics, and data update feeds pop-
ulating public archives. The EOSC-Life Research Infrastructure Cluster project brought to-
gether Europe’s Life Science Research Infrastructures to create an Open, Digital and Collab-
orative space for biological and medical research to develop a cloud-based Workflow Collabor-
atory. As adopting FAIR practices extends beyond data, the Workflow Collaboratory drives the 
implementation of FAIR computational workflows and tools. It fosters tool-focused collabora-
tions and reuse via the sharing of data analysis workflows and offers an ecosystem of services 
for researchers and workflow specialists to find, use and reuse workflows. It’s web-friendly 
Digital Object Metadata Framework, based on RO-Crate and Bioschemas, supports the de-
scription and exchange of workflows across the services.  
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1. Background

Performing computational data processing using workflows has taken hold in the biosciences 
as the discipline becomes increasingly computational. Adopting FAIR practices extends be-
yond data to include workflows and the tools they use. The COVID-19 pandemic highlighted 
the importance of systematic and shared analysis of SARS-CoV-2 data processing and sur-
veillance pipelines, data analytics at scale, and the reproducibility of computational processes 
[1].   
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The EOSC-Life Research Infrastructure Cluster project brought together Europe’s Life 
Science Research Infrastructures to create an open, digital and collaborative space for biolog-
ical and medical research. The Research Infrastructures, range from biobanking and clinical 
trials to plant phenotyping and bioimaging. A major development by EOSC-Life has been a 
cloud-based Workflow Collaboratory to drive the implementation of FAIR computational work-
flows [2] and foster tool-focused collaborations and reuse via the sharing of data analysis work-
flows.  

1.1 The EOSC-Life Workflow Collaboratory Services 

The Workflow Collaboratory offers an ecosystem of services for researchers and workflow 
specialists to find, use and reuse workflows, and deploy them using European Open Science 
Cloud (EOSC) infrastructure (Figure 1). The heterogeneity of the Research Infrastructures is 
reflected in the diversity of their data analysis practices and the variety of workflow manage-
ment systems they use, including specialist platforms. 

Workflow Managers and Execution systems include pre-existing and emerging work-
flow management systems. Currently 14 different workflow platforms are represented including 
Jupyter Notebooks [3] and Python scripts, general systems (e.g. Nextflow [4], Snakemake[5], 
Galaxy[6], CWL[7]) and specialist systems (e.g. SCIPION). Workflow execution platforms in-
clude Galaxy Europe and back-end services Sapporo and WfExS that execute workflows in 
different languages (e.g. CWL, Nextflow, snakemake) through a common interface. WfExS 
handles sensitive data securely.  

Community Workflow Repositories both pre-existing and emerging, typically use Git, 
GitLab or GitHub. Curated collections include Galaxy’s Intergalactic Workflow Commission and 
Nextflow’s nf-core; others include project focused repositories. 

Registries provide one stop to find and share containers (BioContainers [8]), tools 
(bio.tools [9]) and workflows (WorkflowHub [10]), and support FAIRness through rich metadata 
and inter-registration integration. WorkflowHub is system agnostic, with dedicated support for 
popular management systems.  Galaxy and CWL workflows, and entries on WorkflowHub, are 
annotated with tool identifiers to link through to bio.tools entries, and bio.tools links to workflows 
that use a given tool.  

Testing and Benchmarking services support the usability as well as reusability of tools 
and workflows as software [11]. LifeMonitor [10] monitors and triggers automated workflow 
tests and automated checks on metadata, and adherence to best practices on the workflow’s 
source code Git repository. OpenEBench benchmarks tools, and monitors software quality as 
well as scientific benchmarking to help determine the precision, recall and other metrics of 
bioinformatics resources in unbiased scenarios.  

Research Information System services plug into the wider services of the EOSC and 
scholarly communication to support publication, citation, and knowledge discovery. Workflow-
Hub’s integration DataCite mints DOIs for workflows publication, and its integration with OR-
CID and citation.cff file format supports workflow author credit and citation. The WorkflowHub 
contributes to the DataCite PID Graph and OpenAIRE Research Graph. 

Infrastructure services range from AAI (LS-Login1) to cloud and cluster compute sys-
tems such as Galaxy’s PULSAR network2.  

                                                 
1 https://lifescience-ri.eu/ls-login/ 
2 https://pulsar-network.readthedocs.io/en/latest/ 
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Figure 1. The EOSC-Life Workflow Collaboratory. 

1.2 The Digital Object based Metadata Framework 

A web-friendly metadata framework has been developed to support the description and ex-
change of workflows across the services. 

Bioschemas [12] schema.org profiles for Computational Tool, Computational Workflow 
and Formal Parameter provide metadata about a workflow and its tools that are discipline in-
dependent, despite the “bio” prefix.  The EDAM Ontology [13] adds informatics-specific 
metadata, such as strong typing of inputs and outputs and describes the overall workflow top-
ics and operations to help find workflows. 

The Common Workflow Language [7] is encouraged as a canonical workflow description 
to accompany the native workflow definitions when registering in the WorkflowHub. CWL rep-
resents the structure and steps of workflows in an interoperable way across workflow lan-
guages. Several workflow systems, such as Galaxy, support Abstract CWL for this purpose, 
though they are still executed using their native language on their native platforms. 

RO-Crate [14], a community-developed standardised approach for FAIR Digital Objects 
[15], packages executable workflows, their components (e.g. example and test data), abstract 
CWL, diagrams and their metadata. RO-Crate makes workflows more readily re-usable, acting 
as the unit of currency of exchange between the services, recording the provenance of work-
flow runs and a format for archiving in public repositories such as Zenodo.  

The GA4GH Tools Registry Service API supports the exchange of scientific tools and 
workflows and enables users to search for and retrieve metadata about registered tools, so 
that workflow execution platforms can search and import workflows from WorkflowHub and 
WorkflowHub can directly launch workflows on their platforms. Multi-language execution ser-
vices such as Sapporo use the GA4GH Workflow Execution Service API. 
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2. Outlook 

At the time of writing over 380 workflows have been registered in WorkflowHub from over 170 
workflow teams. Adoption of the services has extended beyond Life Sciences to adoption by 
communities working in biodiversity, astronomy, astro-physics and climate change. These ser-
vices continue to be supported by a new portfolio of Horizon Europe and national projects, and 
are sponsored by the European Life Science Research Infrastructures, ELIXIR, EuroBioImag-
ing-ERIC, BBMRI-ERIC, and EU-IBISBA for their long-term sustainability.  Many of the ser-
vices are registered in the EOSC Service Catalogue and Marketplace3 and have been adopted 
outside Europe by the Australian BioCommons4.  

Data availability statement 

All workflows, tools and content are openly available. Software is open source. Standards are 
open. Available from the following: WorkflowHub: https://workflowhub.eu/; BioContainers: 
https://biocontainers.pro/; Bio.tools: https://bio.tools/; LifeMonitor: https://www.lifemonitor.eu/; 
OpenEBench: https://openebench.bsc.es/; Galaxy Europe:  https://usegalaxy.eu/; Sapporo 
https://github.com/sapporo-wes/sapporo; WfExS: https://github.com/inab/WfExS-backend; Bi-
oschemas: https://bioschemas.org; Common Workflow Language: https://www.com-
monwl.org/; EDAM Ontology: https://edamontology.org/page; RO-Crate: https://www.re-
searchobject.org/ro-crate/; GA4GH Tools Research Service API: https://ga4gh.github.io/tool-
registry-service-schemas/; GA4GH Workflow Execution Service API: 
https://ga4gh.github.io/workflow-execution-service-schemas/docs/ 
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