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Summary of Background
Distributed EU Research Infrastructures for the Life Sciences 
& the European Open Science Cloud.

“Data for Life” Data Infrastructure for Life Sciences: 
coordinate, integrate and sustains resources across 
member states; enable users to access services.

23 nations, 230+ orgs 
incl. EMBL-EBI

“Together innovating for sustainable biotechnology”
Accelerate end-to-end bioprocess development, linking 
distributed R&D facilities: computer-assisted design of 
biocomponents, construction of enzymes and microbial 
strains, fermentation, downstream processing.9  nations, 16 orgs

“A trusted virtual environment” to store, share & re-use 
research information to serve Europe's 1.7 million 
researchers and 70 million science and tech professionals 
and to foster interdisciplinary working.Everyone 
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The stages may be computational or 
lab-based (SOPS, Lab Protocols).

https://www.ibisba.eu/



EOSC Life FAIR Workflow Collaboratory
The Workflow Ecosystem for 13+1 European Research 
Infrastructures in the Life Sciences

• Democratising the 
use of workflows

• Accelerating the 
adoption, exchange 
and use of workflow 
methodology

• Accelerating the 
creation of 
workflows.

• Supporting the 
scientific workflow 
for different 
communities in the 
wild, at the reality 
coal face

• Building workflow 
capacity

https://elixir-europe.org/

https://elixir-europe.org/
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Challenge: Interoperating and Sustaining



Algorithm Design & 
Execution using WfMS

Versioning
Development

Portable packaging

Description for 
finding, running, 
reporting

Interoperability

Registries, Repositories, 
Portals
Find & launch

We finally have a tech stack

MIRCW
Minimum Information for 
Registering a 
Computational Workflow



FAIR Commons using Research Objects as the Currency 
of Science, supporting interoperability, a metadata bus 
and Knowledge Graph of workflows and data

FAIR Digital 
Object 
Framework

EC “Turning FAIR into Reality, 2018  

https://www.commonwl.org/ http://www.researchobject.org/



What workflows tools / systems have you 
worked on or been involved with?

A Zoo!
And  don’t forget the different 
data formats, identifiers, 
repositories & catalogues!

17169 tools 

Ontology

https://s.apache.org/existing-workflow-systems



https://github.com/EBI-Metagenomics/emg-virify-pipeline/blob/master/CWL/WorkFlow/pipeline.cwl

https://github.com/hoelzer/virify/blob/master/virify.nf

Metagenomic Assemblies
Thanks to Rob Finn, Mgnify, EBI

CWL Execution Engine
CWLTool, CWL Exec

Designing and building 
reusable libraries

https://github.com/EBI-Metagenomics/emg-virify-pipeline/blob/master/CWL/WorkFlow/pipeline.cwl
https://github.com/hoelzer/virify/blob/master/virify.nf


Disruptor: Yes – workflow environments ARE used.
Sustained, Human in the Loop, Scale out, Professionalisation, RWEs



If you make workflow environments usable and 
professionally curated and managed  then they 

are used and make a difference

https://github.com/galaxyproject/SARS-CoV-2/



Clustering around platforms 
for economies of scale, skill and sustainability

Workflow collections. Workflow as a Service

Galaxy interactive workflow collection for Metabolomics 



Workflow making is still largely artisanal

Producing the FAIR ecosystem so we can 
semi-automatically build workflows that can 
help automate beyond “heroic” one-offs 

• AI’s role in building/running the ecosystem
• Recommend workflows, matchmaking….
• Automated discovery of workflows / data
• The capacity and capability of researchers to use 

and reuse workflows
• Professionalisation of workflow making/mgt

Example: Galaxy Workflow Platform
• Galaxy-ML (https://github.com/goeckslab/Galaxy-ML)

• Tool recommender system in Galaxy using deep 
learning (https://doi.org/10.1101/838599) 



• AI steps in the workflows

• AI enabled wf design 

• AI enabled wf set up

• AI enabled wf execution 

• AU enabled wf analytics

• AI enabled wf workflow ecosystem

FAIR
Workflows

Citation: C. Goble, S. Cohen-Boulakia, S. Soiland-Reyes, D. Garijo, Y. Gil, M.R. Crusoe, K. Peters & 
D. Schober. FAIR computational workflows. Data Intelligence 2(2020), 108–121. doi: 
10.1162/dint_a_000



Who are the Workflow Users?
Capacity Building, Professionalisation, Economics

Workflow development
Rich features
The workflows are the 
innovation

Workflow use for personal research
Guided reusing of precooked 
workflows – Workflows as a service
Guided workflow making
Amplify the impact of workflows

Wf As a Service

Wf As a Platform

Workflow development for personal 
research and for service
Professional Workflow engineering 
Assisted workflow development

different systems for different users, spanning the spectrum, 
enabling researchers to across the spectrum

nextflow Galaxy



Trajectories & Challenges: FAIR Workflows
• A slew of workflow systems

– Domain specific languages are on the rise, Script-like workflows & problem-
specific ad-hoc data models + Adoption of industry standards.

– Take up dependent on the “plugged-in” availability of data type specific codes, 
optimised processing and everyone else using it

• At the same time take-up of professionally managed cloud platforms

– Professionalisation of Workflow Engineering

• Catalogues of workflow components (and data and SOPs)

– Designed to work together, Quality Assured, curated and maintained

– tools / sub workflows, and the data they operate over accessible and licensed.

• Interoperability: neat and tidy interfaces 

– Shared (standardised) data formats, identifier schemes and interfaces for tool 
compatibility, incl. ids for workflows

• Just enough metadata on everything

– Semantic representations of Workflows, Data  and Tasks: schema.org, JSON-LD

• Portable / accessible execution – containers

– tools can execute next to each other independent  of WfMS or cluster installation
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BONUS SLIDES



What are we accelerating?

• Accelerating workflow creation

• Accelerating workflow use and reuse, sharing 
and exchange

• Accelerating the workflows themselves
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Building a FAIR Research Commons

Science 2.0 Repositories: Time for a Change in Scholarly Communication
Assante, Candela, Castelli, Manghi, Pagano DOI: 10.1045/january2015-assante

Mesirov, J.  Accessible Reproducible Research Science 
327(5964), 415-416 (2010)

Fixing this to be an ‘in flight” feedback loop 



For the Panel

• What are your observations on the impact of systems and 
tools to automate workflows, with respect to scientific 
discovery?

• What is the role of artificial intelligence (AI) and automation 
in scientific discovery? We’d like you to consider both AI-
driven workflows as well as workflows that include AI as 
part of the scientific discovery process.

• What are the current challenges faced by these systems?
• What do you see as disruptors that will affect how 

workflow tools are being used by the scientific community?
• What is your vision for AI in workflows in the future of 

scientific discovery? What research is needed to advance 
this area?


