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Michael R. Crusoe, who is this guy?
Phoenix, Arizona (Sonoran Desert), USA

Studied at Arizona State University: Computer Science; 
time in industry as a developer & system administrator 
(Google, others); returned to academia to study 
Microbiology.

Introduced to bioinformatics via Anolis species 
(lizard) genome assembly and analysis (Kenro Kusumi, 
Arizona State University)

Returned to software engineering as a Research 
Software Engineer for k-h-mer project (C. Titus Brown, 
Michigan State University, then U. of California, 
Davis)

http://kusumi.lab.asu.edu/
http://khmer.readthedocs.io/
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Why use a workflow management system?
Features can include:

● automatic job execution: start a complicated 
analysis involving many pieces with a single command

● scaling (across nodes, clusters, and possibly 
continents)

● automatically generated graphical user interfaces
(example: Galaxy)

● How was this file made? (automatic provenance 
tracking)

http://usegalaxy.org/
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Existing computational research workflow systems

https://github.com/common-workflow-language/common-workflo
w-language/wiki/Existing-Workflow-systems

https://github.com/common-workflow-language/common-workflow-language/wiki/Existing-Workflow-systems
https://github.com/common-workflow-language/common-workflow-language/wiki/Existing-Workflow-systems
https://github.com/common-workflow-language/common-workflow-language/wiki/Existing-Workflow-systems
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Why have a standard?
● Standards create a surface for collaboration that 

promote innovation

● Research frequently dip in and out of different 
systems but interoperability is not a basic 
feature.

● Funders, journals, and other sources of 
incentives prefer standards over proprietary or 
single-source approaches
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Common Workflow Language v1.0
● Common format for bioinformatics (and more!) tool 

& workflow execution

● Community based standards effort, not a specific 
software package; Very extensible

● Defined with a schema, specification, & test 
suite

● Designed for shared-nothing clusters, academic 
clusters, cloud environments, and local execution

● Supports the use of containers (e.g. Docker) and 
shared research computing clusters with locally 
installed software
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Participating Organizations & Projects

Your logo here?
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Why use the Common Workflow Language?
Develop your pipeline on your local computer 
(optionally with containers)

Execute on your research cluster or in the cloud

Deliver to users via workbenches like Arvados, Rabix, 
Toil. Galaxy, Apache Taverna, AWE, Funnel (GCP) 
support is in alpha stage.
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● Low barrier to entry for implementers

● Support tooling such as generators, GUIs, converters

● Allow extensions, but must be well marked

● Be part of linked data ecosystem

● Be pragmatic

CWL Design principles
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Linked Data & CWL
● Hyperlinks are common currency
● Bring your own RDF ontologies for metadata
● Supports SPARQL to query

Example: can use the EDAM ontology (ELIXIR-DK) to 
specify file formats and reason about them:

“FASTQ Sanger” encoding is a type of FASTQ file

http://edamontology.org/
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Use Cases for the CWL standards
Publication reproducibility, reusability

Workflow creation & improvement across institutions 
and continents

Contests & challenges

Analysis on non-public data sets, possibly using GA4GH 
job & workflow submission API

https://github.com/ga4gh/workflow-execution-schemas
https://github.com/ga4gh/workflow-execution-schemas
https://github.com/ga4gh/workflow-execution-schemas
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Early Adopters
(US) National Cancer Institute Cloud Pilots (Seven 
Bridges Genomics, Institute for Systems Biology)

Cincinnati Children’s Hospital Medical Research Center 
(Andrey Kartashov & Artem Barski)

bcbio: Validated, scalable, community developed 
variant calling, RNA-seq and small RNA analysis (docs, 
BOSC 2016 talk: video, slides) (Brad Chapman et al.)

Duke University, Center for Genomic and Computational 
Biology: GENOMICS OF GENE REGULATION project (BOSC 
2016 talk: video, slides, poster)(Dan Leehr et al.)

NCI DREAM SMC-RNA Challenge (Kyle Ellrott et al.) 
Presentation

https://bcbio-nextgen.readthedocs.io/en/latest/contents/cwl.html
https://youtu.be/kMoAWjHhOVc
http://f1000research.com/slides/5-1639
https://youtu.be/zrOfNqPnZCk
http://f1000research.com/slides/5-1617
http://f1000research.com/posters/5-1615
https://docs.google.com/presentation/d/1KboP5KlyRVanv63NyGp7589BlFtaX2KP99eUN1PxpIg/edit?usp=sharing
https://docs.google.com/presentation/d/1KboP5KlyRVanv63NyGp7589BlFtaX2KP99eUN1PxpIg/edit?usp=sharing
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runs locally, on 
Microsoft Azure 
(via Curoverse), 
or on any other 
CWL compatible 
platform

https://bcbio-nextgen.readthedocs.io

Early Adopter: bcbio

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
https://bcbio-nextgen.readthedocs.io
https://bcbio-nextgen.readthedocs.io
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Announcing: v1.0!
http://www.commonwl.org/v1.0/

Authors:

Peter Amstutz, Arvados Project, Curoverse
Michael R. Crusoe, Common Workflow Language project
Nebojša Tijanić, Seven Bridges Genomics

Contributors:

Brad Chapman, Harvard Chan School of Public Health
John Chilton, Galaxy Project, Pennsylvania State University
Michael Heuer, UC Berkeley AMPLab
Andrey Kartashov, Cincinnati Children's Hospital
Dan Leehr, Duke University
Hervé Ménager, Institut Pasteur
Maya Nedeljkovich, Seven Bridges Genomics
Matt Scales, Institute of Cancer Research, London
Stian Soiland-Reyes, University of Manchester
Luka Stojanovic, Seven Bridges Genomics

http://www.commonwl.org/v1.0/
http://www.commonwl.org/v1.0/
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How did we do it?
Initial group started at BOSC Codefest 2014

Moved to open mailing list and extended onto GitHub & 
then Gitter chat

Frequent (twice a month or more) video chats to work 
through design issues with summaries emailed

Some participants doing CWL community work during 
their day jobs, some on “nights & weekends”.

In October 2015 Seven Bridges sponsored one of the 
co-founders (M. Crusoe) to work full time on the 
project

https://www.open-bio.org/wiki/Codefest_2014
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Community Based Standards development
Different model than traditional nation-based or 
regulatory approach

We adopted the Open-Stand.org Modern Paradigm for 
Standards: Cooperation, Adherence to Principles (Due 
process, Broad consensus, Transparency, Balance, 
Openness), Collective Empowerment, (Free) 
Availability, Voluntary Adoption

https://open-stand.org/about-us/principles/
https://open-stand.org/about-us/principles/
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File type & metadata

Input parameters

Output parameters

class: CommandLineTool
cwlVersion: v1.0
doc: Sort by chromosomal coordinates

inputs:
  aligned_sequences:
    type: File
    format: edam:format_2572  # BAM binary alignment format
    inputBinding:
      position: 1

outputs:
  sorted_aligned_sequences:
    type: stdout
    format: edam:format_2572

Executable
baseCommand: [samtools, sort]

hints:
  DockerRequirement:
    dockerPull: quay.io/cancercollaboratory/dockstore-tool-samtools-sort

Runtime environment

$namespaces: { edam: "http://edamontology.org/" }
$schemas: [ "http://edamontology.org/EDAM_1.15.owl" ]

Linked data support

Example: samtools-sort.cwl

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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File type & metadata
class: CommandLineTool
cwlVersion: v1.0
doc: Sort by chromosomal coordinates

● Identify as a CommandLineTool object
● Core spec includes simple comments
● Metadata about tool extensible to arbitrary RDF 

vocabularies, e.g.
○ Biotools & EDAM
○ Dublin Core Terms (DCT)
○ Description of a Project (DOAP)

● GA4GH Tool Registry project will develop best 
practices for metadata & attribution

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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hints:
  DockerRequirement:
    dockerPull: quay.io/[...]samtools-sort

Runtime Environment

● Define the execution environment of the tool 
● “requirements” must be fulfilled or an error
● “hints” are soft requirements (express preference 

but not an error if not satisfied)
● Also used to enable optional CWL features

○ Mechanism for defining extensions

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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Input parameters

● Specify name & type of input parameters
○ Based on the Apache Avro type system
○ null, boolean, int, string,  float, array, record

○ File formats can be IANA Media/MIME types, or from domain 
specific ontologies, like EDAM for bioinformatics

● “inputBinding”: describes how to turn parameter 
value into actual command line argument

inputs:
  aligned_sequences:
    type: File
    format: edam:format_2572  # BAM binary format
    inputBinding:
      position: 1

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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Input parameters

Output parameters
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cwlVersion: v1.0
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inputs:
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    format: edam:format_2572  # BAM binary alignment format
    inputBinding:
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Executable
baseCommand: [samtools, sort]

hints:
  DockerRequirement:
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Example: samtools-sort.cwl

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
http://edamontology.org/
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inputs:
  aligned_sequences:
    type: File
    format: edam:format_2572
    inputBinding:
      position: 1

baseCommand: [samtools, sort]

aligned_sequences:
  class: File
  location: example.bam
  format: http://edamontology.org/format_2572

[“samtools”, “sort”, “example.bam”]

Input object

Command Line Building

● Associate input values with parameters
● Apply input bindings to generate strings
● Sort by “position”
● Prefix “base command”

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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outputs:
  sorted_aligned_sequences:
    type: stdout
    format: edam:format_2572

Output parameters

● Specify name & type of output parameters
● In this example, capture the STDOUT stream from 

“samtools sort” and tag it as being BAM formatted.

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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Workflows
● Specify data dependencies between steps
● Scatter/gather on steps
● Can nest workflows in steps
● Still working on:
● Conditionals & looping

https://goo.gl/0FsTRE

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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Example: grep & count

steps:
  grep:
    run: grep.cwl
    in:
      pattern: pattern
      infile: infiles
    scatter: infile
    out: [outfile]

  wc:
    run: wc.cwl
    in:
      infiles: grep/outfile
    out: [outfile]

class: Workflow
cwlVersion: v1.0

inputs:
  pattern: string
  infiles: File[]

outputs:
  outfile:
    type: File
    outputSource: wc/outfile

requirements:
  - class: ScatterFeatureRequirement

Source file: 
https://github.com/common-workflow-language/workflows/blob/2855f2c3ea875128ff62101295897d8d11d99b94
/workflows/presentation-demo/grep-and-count.cwl

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
https://github.com/common-workflow-language/workflows/blob/2855f2c3ea875128ff62101295897d8d11d99b94/workflows/presentation-demo/grep-and-count.cwl
https://github.com/common-workflow-language/workflows/blob/2855f2c3ea875128ff62101295897d8d11d99b94/workflows/presentation-demo/grep-and-count.cwl
https://github.com/common-workflow-language/workflows/blob/2855f2c3ea875128ff62101295897d8d11d99b94/workflows/presentation-demo/grep-and-count.cwl
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Example: grep & count

class: Workflow
cwlVersion: v1.0

inputs:
  pattern: string
  infiles: File[]

outputs:
  outfile:
    type: File
    outputSource: wc/outfile

requirements:
  - class: ScatterFeatureRequirement

steps:
  grep:
    run: grep.cwl
    in:
      pattern: pattern
      infile: infiles
    scatter: infile
    out: [outfile]

  wc:
    run: wc.cwl
    in:
      infiles: grep/outfile
    out: [outfile]

Tool to run

Scatter over 
input array

Connect output 
of “grep” to input 
of “wc”

Connect output of “wc” 
to workflow output

https://github.com/common-workflow-language/common-workflow-language/tree/master/presentations
https://creativecommons.org/licenses/by-sa/4.0/
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Challenges
Giving a standard to a community that is “free as in 
puppies”: How does the community participate? How will 
maintenance be funded?

CWL isn’t the only effort that has these needs; can we 
join with related efforts?
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A Grand Opportunity
if:

properly funded and embraced by the wider community

then:

  the researchobject.org standards + CWL could fulfill 
the huge need for an executable and complete 
description of how computationaly derived research 
results were made
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What’s next for the Common Workflow Language?
Public charity to own the standard

Tooling improvements

Release of {argparse,click}2cwl by GSoC mentee Anton 
Khodak (based on code from the Galaxy Project & Eric 
Rasche)

More mature implementations (Galaxy, Taverna, …?)

Integration with researchobject.org standards for 
attribution, provenance, and metadata guidance.

http://www.researchobject.org/
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CWL Even in London Nov 1-4
See https://goo.gl/aVmpCF

Very open to new participants!

https://goo.gl/aVmpCF
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Thanks!

http://commonwl.org

http://commonwl.org
http://commonwl.org
http://commonwl.org
http://commonwl.org

