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Some terms
● Programming language: bash, R, Python, Perl, C++, Java, JavaScript, Rust
● Workflow language: Snakemake, Nextflow, CWL, WDL
● Runtime: 

○ Dependencies - Docker, Singularity, Conda, ambient installs
○ Specialized hardware - HPC (Slurm or SGE job schedulers)
○ Cloud - AWS, Google Cloud Compute, Microsoft Azure

● Possible comparisons:
○ syntax
○ features

■ data types (inputs/outputs)
■ control structures
■ parallelism
■ modularization
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Why use a workflow language?

Di Tommaso, 2021 "The story of Nextflow: Building a 
modern pipeline orchestrator"

Perkel 2019 "Workflow systems turn raw data into 
scientific knowledge"

https://elifesciences.org/labs/d193babe/the-story-of-nextflow-building-a-modern-pipeline-orchestrator
https://elifesciences.org/labs/d193babe/the-story-of-nextflow-building-a-modern-pipeline-orchestrator
https://www.nature.com/articles/d41586-019-02619-z
https://www.nature.com/articles/d41586-019-02619-z
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https://github.com/isu
gifNF/polishCLR/wiki 

https://github.com/isugifNF/polishCLR/wiki
https://github.com/isugifNF/polishCLR/wiki
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Why use a workflow language?

Di Tommaso, 2021 "The story of Nextflow: Building a 
modern pipeline orchestrator"

Perkel 2019 "Workflow systems turn raw data into 
scientific knowledge"

The common aim is to make computational methods 

reproducible, portable, maintainable, and shareable

https://elifesciences.org/labs/d193babe/the-story-of-nextflow-building-a-modern-pipeline-orchestrator
https://elifesciences.org/labs/d193babe/the-story-of-nextflow-building-a-modern-pipeline-orchestrator
https://www.nature.com/articles/d41586-019-02619-z
https://www.nature.com/articles/d41586-019-02619-z
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Agenda
● Makefiles

● Snakemake

● Nextflow

● CWL and WDL
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Agenda
Makefiles  - pubmed check (3)                    Snakemake - pubmed_check (93)

Nextflow - pubmed_check (92)             CWL and WDL - "Dockstore" pubmed_check (7)

https://j23414.github.io/compare_workflows/Makefile_pm_qc.html
https://j23414.github.io/compare_workflows/Snakemake_pm_qc.html
https://j23414.github.io/compare_workflows/Nextflow_pm_qc.html
https://j23414.github.io/compare_workflows/Dockstore_pm_qc.html
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Agenda
● Makefiles

● Snakemake

● Nextflow

● CWL and WDL
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1976 - Makefiles

● Designed by Stuart Feldman and first 
released April 1976

● Makefiles defined rules
● target: name of the file generated, 

usually object files or executables
● dependency: input file that is used to 

create a target
● command: the action that takes 

dependencies to create the target
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1976 - Makefiles
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1976 - Makefiles

● Caching is file-based —tracks the existence of files 

(dependencies and targets)

● Use rules to pull a final "target"

● To be run locally

● PubMed: https://pubmed.ncbi.nlm.nih.gov/?term=makefile&sort=date 

● Example: mgalardini/reads2snps/Makefile 

pubmed check

https://pubmed.ncbi.nlm.nih.gov/?term=makefile&sort=date
https://github.com/mgalardini/reads2snps/blob/master/Makefile
https://j23414.github.io/compare_workflows/Makefile_pm_qc.html
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Agenda
● Makefiles - 1976, rule, target, dependency, command

● Snakemake

● Nextflow

● CWL and WDL
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2012 Snakemake
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2012 -  Snakemake
● Designed by Johannes Koster and team 

and first published in 2012
● Snakemake was designed to be a readable 

python-based workflow definition 
language and powerful execution 
environment

● first system to support the use of 
automatically inferred multiple named 
widcards (or variables)

● newer features: module, paramspace, 
piped output for streamed output, job 
grouping 

● https://github.com/nextstrain/zika/blob/re
factor/modularize/Snakefile 

Koster & Rahmann, 2012; Molder et al, 2021

https://snakemake.readthedocs.io/en/stable/snakefiles/modularization.html#modules
https://snakemake.readthedocs.io/en/stable/snakefiles/rules.html#parameter-space-exploration
https://snakemake.readthedocs.io/en/stable/snakefiles/rules.html#piped-output
https://snakemake.readthedocs.io/en/stable/executing/grouping.html
https://snakemake.readthedocs.io/en/stable/executing/grouping.html
https://github.com/nextstrain/zika/blob/refactor/modularize/Snakefile
https://github.com/nextstrain/zika/blob/refactor/modularize/Snakefile
https://doi.org/10.1093/bioinformatics/bts480
https://doi.org/10.12688/f1000research.29032.1
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2012 Snakemake

● file-based caching, but can have temp/pipe intermediates

● pass in values via params

● pulls a final "target"

● Command using {input} {output} variables             pubmed_check   

https://github.com/nextstrain/ncov-ingest/blob/master/workflow/snakemake_rules/

curate.smk 

https://pubmed.ncbi.nlm.nih.gov/?term=snakemake&sort=date 

https://j23414.github.io/compare_workflows/Snakemake_pm_qc.html
https://github.com/nextstrain/ncov-ingest/blob/master/workflow/snakemake_rules/curate.smk
https://github.com/nextstrain/ncov-ingest/blob/master/workflow/snakemake_rules/curate.smk
https://pubmed.ncbi.nlm.nih.gov/?term=snakemake&sort=date
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Agenda
● Makefiles - 1976, rule, target, dependency, command

● Snakemake - 2012 published, rule, wildcards, params, modules

● Nextflow 

● CWL and WDL
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2013 Nextflow
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2013 -  Nextflow
● Designed by Paolo Di Tommaso and first released in March 2013

● Nextflow designed with the goal that researchers can continue to use their 

favorite programming language and tools, and swap out the compute environment

● DataFlow is a programming model that allows the definition of tasks that execute 

in parallel in a declarative manner. Imagine tasks in Nextflow workflow as cells 

in a spreadsheet. When a cell is modified the change is propagated automatically 

to all dependent cells. 

Di Tommaso, 2021 "The story of Nextflow: Building a modern pipeline orchestrator"
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2013 Nextflow

● Input accepts both files and paths

● Instead of wiring input and outputs within each rule, 

connect rule (process) in a workflow section

● isolated runs in a work directory

● nextflow.config to provide multiple runtime profiles

● Example: https://github.com/nf-core/rnaseq pubmed_check

https://github.com/nf-core/rnaseq
https://j23414.github.io/compare_workflows/Nextflow_pm_qc.html
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2013 Nextflow - isolated folders
● isolated runs in a work directory

https://carpentries-incubator.github.io/workflows-nextflow/13-workflow_checkpoint_caching/index.html
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Agenda
● Makefiles - 1976, rule, target, dependency, command

● Snakemake - 2012 published, rule, wildcards, params, modules

● Nextflow - 2013 (?) 2017 published, DataFlow, channel, isolated work dir

● CWL and WDL
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2014 - CWL
● cat.cwl - 

https://github.com/ncbi/cwl-ngs-workflows-cbb/blob/master/tools/basic/cat.
cwl

● wc.cwl - 
https://github.com/ncbi/cwl-ngs-workflows-cbb/blob/master/tools/basic/wc.
cwl 

● CWL originated from discussions between Peter Amstutz, John Chilton, 
Nebojsa Tijanic, and Michael R. Crusoe
"The Common Workflow Languagen (CWL) is a language specification designed by the 
bioinformatics community to unify the style, principles and standards of coding pipelines, in 
a way that is agnostic of the hardware. It prioritizes reproducibility and portability of 
workflows and hence requires explicit/pedantic parameters definitions, making it very 
verbose. In contrast, Workflow Description Language (WDL) is a language specification that 
emphasizes human readability of the code and an easy learning curve, at the cost of being 
restrictive in its expressiveness (fig Supplementary 4)."
https://www.nature.com/articles/s41598-021-99288-8 
OpenWDL was developed at the broad institute

https://github.com/ncbi/cwl-ngs-workflows-cbb/blob/master/tools/basic/cat.cwl
https://github.com/ncbi/cwl-ngs-workflows-cbb/blob/master/tools/basic/cat.cwl
https://github.com/ncbi/cwl-ngs-workflows-cbb/blob/master/tools/basic/wc.cwl
https://github.com/ncbi/cwl-ngs-workflows-cbb/blob/master/tools/basic/wc.cwl
https://www.nature.com/articles/s41598-021-99288-8#MOESM1
https://www.nature.com/articles/s41598-021-99288-8
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Agenda
● Makefiles - 1976, rule, target, dependency, command

● Snakemake - 2012 published, rule, wildcards, params, modules

● Nextflow - 2013 (?) 2017 published, DataFlow, channel, isolated work dir

● CWL (verbose) and WDL
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Compute isolation - File localization
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real-world example: 
TheiaCov_Augur_Run 
Terra Dashboard 
remote modules 

https://dockstore.org/workflows/github.com/theiagen/public_health_viral_genomics/TheiaCoV_Augur_Run:smw-mincov-dev?tab=files
https://app.terra.bio/#workspaces/Nextstrain/Development
https://github.com/j23414/wdl_pathogen_build/blob/main/workflows/ncov_workflow.wdl
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2012 or 2014? - WDL

Cloud-based Nextstrain analyses (Aim A3) with Terra
● Work has continued to document ncov-ingest and ncov workflows on Terra 

dockstore:ncov/ncov
run-analysis-on-terra.html 

dockstore:ncov/gisaid_ingest 

dockstore:ncov/genbank_ingest
run-ingest-on-terra.html  

https://auspice.us/

Sequenced samples assembled  in Terra

benchmarks.tsv 

https://dockstore.org/workflows/github.com/nextstrain/ncov/ncov:master?tab=info
https://nextstrain--999.org.readthedocs.build/projects/ncov/en/999/guides/run-analysis-on-terra.html
https://dockstore.org/workflows/github.com/nextstrain/ncov/gisaid_ingest:master?tab=info
https://dockstore.org/workflows/github.com/nextstrain/ncov/genbank_ingest:master?tab=info
https://nextstrain--999.org.readthedocs.build/projects/ncov/en/999/guides/run-ingest-on-terra.html
https://auspice.us/
https://github.com/j23414/wdl_pathogen_build/blob/main/data/benchmarks.tsv
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Agenda
● Makefiles - 1976, rule, target, dependency, command

● Snakemake - 2012 published, rule, wildcards, params, modules

● Nextflow - 2013 (?) 2017 published, DataFlow, channel, isolated work dir

● CWL (verbose) and WDL

○ GitHub

○ Dockstore

○ Terra
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Terra - Firecloud
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workflow {
  call mytask
  output { File outfiles=mytask.outfiles }
}

task mytask {
  command <<<
     curl "github url here"
    nextstrain version > outfile.txt
    snakemake version > outfile.txt
  >>>
  output {
    File outfile = "outfile.txt"
  }
  runtime {
  docker: "nextstrain:base/latest"  # "nextstrain:ncov-ingest"
  }
}



32 / 34January 24, 2023 Jennifer Chang

Agenda
● Makefiles - 1976, rule, target, dependency, command

● Snakemake - 2012 published, rule, wildcards, params, modules

● Nextflow - 2013 (?) 2017 published, DataFlow, channel, isolated work dir

● CWL (verbose) and WDL

○ GitHub

○ Dockstore 

○ Terra
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Summary

● 1976
● file-based caching
● local runtime

● 2012 published
● file-based caching
● containers, conda
● named rules

● 2013 1st commit
● isolated work dir 

caching
● targeting HPC
● DataFlow paradigm

● 2012
● specification must 

be executed on a 
compute engine

● on Terra platform,  
uses hashed 
isolated directory 
caching
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To Learn More

● ● Snakemake RTD 
● snakemake/snakem

ake-wrappers

● Nextflow RTD
● nf-core/modules 

● openwdl/wdl/1.0/SP
EC.md 

https://snakemake.readthedocs.io/en/stable/
https://github.com/snakemake/snakemake-wrappers/tree/master
https://github.com/snakemake/snakemake-wrappers/tree/master
https://www.nextflow.io/docs/latest/getstarted.html
https://github.com/nf-core/modules/tree/master/modules/nf-core
https://github.com/openwdl/wdl/blob/main/versions/1.0/SPEC.md
https://github.com/openwdl/wdl/blob/main/versions/1.0/SPEC.md
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