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We here introduce the concept of Canonical Workflow Building Blocks (CWBB), a methodology of 

describing and wrapping computational tools, in order for them to be utilized in a reproducible 

manner from multiple workflow languages and execution platforms. We argue such practice is a 

necessary requirement for FAIR Computational Workflows [Goble 2020] to improve widespread 

adoption and reuse of a computational method across workflow language barriers. 

The need for reproducibility of research software usage is well established [Stodden 2016, Leipzig 2020, 

Katz 2021], and adaptation of workflow management systems (WfMS) together with software 

packaging and containers [Möller 2017] have been proposed as key ingredients for making research 

software usage FAIR [Cohen-Boulakia 2017] and reproducible [Leipzig 2020, Grüning 2018, Lamprecht 2020]. 

Recently it is also argued that computational workflows should also be treated as FAIR Digital 

Objects [De Smedt 2020] in their own right, with identifier, metadata and interoperability requirements 

[Goble 2020]. 

BioExcel is a European Centre of Excellence for Computational Biomolecular Research, having a 

particular workflow focus on the boundary of molecular dynamics simulations and bioinformatics 

analytics with use of High Performance Computing (HPC) to approach Exascale performance, while 

also improving usability. The BioExcel Building Blocks (BioBB) [Andrio 2019] have been created as 

portable wrappers of the open-source computational tools we identified as useful for BioExcel 

workflows, forming several families of documented and interoperable operations that can be called 

from multiple workflow systems, as shown with the BioBB demonstrator workflows [Hospital 2020], 

along with multiple tutorials and notebooks. 

We here propose that these building blocks and their families can themselves be considered 

composite Digital Objects, as collections of software packaging (Pip, BioConda, BioContainers), 

documentation (ReadTheDocs), interactive tutorials (Jupyter Notebooks, myBinder), registry & 

findability (bio.tools, BioSchemas, WorkflowHub), WfMS integration stubs (CWL, Galaxy, PyCOMPSs), 

Source Code (GitHub) and REST APIs (OpenAPI, Swagger). In addition, the building blocks, as 

wrappers of upstream open source tools, benefit from and relate to the tools’ existing 

documentation, support forums, academic publications and continued development. 

While we started with documenting the collection of these views of the building blocks in human-

readable text for users, we formalize how we can expose machine-readable workflow building 

blocks, using Bioschemas [Gray 2017] metadata to collate and register them as RO-Crate [Ó Carragáin 

2019] packages to form FAIR Digital Objects. We explore how automatic generation of WFMS 

bindings for building blocks can help progress their FAIR metadata along with consistent 

documentation and tool usage patterns across workflow language barriers.  
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A question of granularity applies at the workflow tool level, particularly for Findability and 

Accessibility, as we can consider at lowest granularity the scientific method in general (e.g. any 

algorithm for sequence alignment), implemented by an application suite (bio.tools entry, homepage, 

documentation), instantiated as a particular software installation (Debian package, Docker 

container) with its dependencies at same level, which includes one or more software executables (a 

particular binary, a running service service), providing at the highest granularity level the specific 

types of software functionality (a particular mode of operation, choice of analysis).  

While workflow management systems typically only operate at the highest granularity levels and are 

frequently unaware of or not exposing metadata at the more general level, we argue that in order 

for a Canonical Workflow [Wittenburg 2021] to follow and support FAIR principles for itself and its data, 

the workflow management system need to propagate structured metadata about the tools used by 

the workflow. We propose that in order to support the workflow’s applicability to multiple WfMS, 

the tools themselves must also have a consistent packaging and formal description that enables 

consistent computational invocation.  

We use our experiences with BioBB as a starting point to define the generalized methodology of 

Canonical Workflow Building Blocks: following a set of requirements and recommendations for how 

to formalize and develop a family of compatible computational tools as Digital Objects. These 

building blocks let researchers instantiate a Canonical Workflow in multiple workflow management 

systems, while retaining the FAIR aspects of the CWBB Digital Objects which may also assist the 

workflow designers in producing FAIR outputs in a consistent manner. 

Final Paper 

In the final paper we will relate how our building block method compares with and improves on 

existing workflow fragment library approaches, and how it takes advantage of modern best practices 

for reproducibility of research software usage.  

Further we will argue how our proposed methodology of Canonical Workflow Building Blocks are 

important not just for usability aspects in workflow design, but also for reproducibility and 

portability across workflow management systems, as well as for propagating FAIR metadata of 

computational tools across multiple instantiations of a Canonical Workflow on different workflow 

management systems.  

We will cover in detail how existing standards and practices like Common Workflow Language 

[Amstutz 2016], Bioschemas [Gray 2017], RO-Crate [Ó Carragáin 2019] and PIDs [McMurry 2017] provide a 

reliable and extensible metadata framework for Canonical Workflow Building Blocks, but also 

highlight their current limitations and challenges. We will be exploring the implications of CWBB for 

the future directions of Canonical Workflow Framework for Research (CWFR) [Wittenburg 2021] and 

how a CWFR approach can support and be supported by current Workflow Management Systems. 

Finally we will formalize the concept of Canonical Workflow Building Blocks as a set of requirements, 

demonstrate to what extent our current approach fulfils these and in what way the CWFR approach 

with the help of CWBB can help achieve FAIR Computational Workflows across the workflow 

language barriers. 
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