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Problem

How can we preserve scientific 
computational workflows?



Basic terms

Workflow: Executable process, describes order and dependencies 
of Tools

Tool: Component of a Workflow. Usually Program/Script that can 
be executed on the command line



Workflow Preservation

• Workflow Specifications, e.g., CWL, WDL, …  → „Recipe“

• Problem: Preservation of workflow components
• Components often Container-Images

Preservation of 
Container-Images

Integration in 
Workflows



Workflow Preservation

Step A Step B

Step C

Step C’

Step D
Input Output

Preserved Workflow 
component



CWL

• Workflow Specification:
Order + Dependencies

• Workflow and CommandLineTool

• Workflow: Steps -> Tools/Workflows

• Executed by CWL Runner

• Execution : Input File (Job File) + CWL File



workflow.cwl

biom-convert.cwl

input.yml



Workflow preservation in four steps

1. Preserve container-based tools: 

2. Use preserved tools without user interface:

3. Use preserved tools in workflows:

4. Automated Integration of preserved tools:



Container Preservation



Workflow preservation in four steps

1. Preserve container-based tools: EaaS

2. Use preserved tools without user interface:

3. Use preserved tools in workflows: 

4. Automated Integration of preserved tools:













Workflow API: Preserved Tool Execution

Request
Inject 

Input Data
Tool 

Execution

Determine 
Output

Return 
Output



Workflow preservation in four steps

1. Preserve container-based tools: EaaS

2. Use preserved tools without user interface: Workflow API

3. Use preserved tools in workflows: 

4. Automated Integration of preserved tools:



CWL Wrapper

„Wrapper“ Container-Image

Replaces original tool while providing 
same functionality

Communicates with Workflow API

How can we use the Workflow API in 
actual workflows?



CWL Wrapper

Reads config 
file

Uploads input 
files

Request 
(Workflow API)

Polls execution 
status

Download 
output

Extract output



Accessing the Wrapper in CWL



Workflow preservation in four steps

1. Preserve container-based tools: EaaS

2. Use preserved tools without user interface: Workflow API

3. Use preserved tools in workflows: CWL Wrapper

4. Automated Integration of preserved tools: 



CWL Rewriter

AUTOMATED
REWRITING OF 

CWL FILES

AUTOMATICALLY 
IMPORTS IMAGES 

TO EAAS

RECURSIVE ONLY HANDLES 
CWL FILES WITH 

DOCKERPULL

INTEGRATED IN 
EAAS



CWL Rewriter

Workflow

Step 3:
Sub-Workflow

Step 2

Step 1
dockerPull: 
myContainer:1.0

Step 3.2

Step 3.1

EaaS Backend

ID
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Return 
ID
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Import
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Rewriter



baseCommand:  [myTool.sh]

dockerPull: myContainer:1.0

inputs:

inputFile: File

prefix: --file

outputFile: File

baseCommand: 

[python3, /app/wrapper.py, myTool.sh]

dockerPull: cwl-wrapper

inputs:

inputFile: File

prefix: --file

outputFile: File

InitialWorkDirRequirement: config.json

original.cwl

inputFile: myFile.txt

job.yml

rewritten.cwl

myTool.sh --file myFile.txt
executed in myContainer:1.0 

python3 /app/wrapper.py 
myTool.sh --file myFile.txt

executed in wrapper container

myTool.sh --file myFile.txt

executed in preserved container

API

Environment ID, Arguments

Input File, …

outputFile

Output

Emulation Framework

outputFile

Starts Execution
Retrieves

Output



Workflow preservation in four steps

1. Preserve container-based tools: EaaS

2. Use preserved tools without user interface: Workflow API

3. Use preserved tools in workflows: CWL Wrapper

4. Automated Integration of preserved tools: CWL Rewriter



Towards Continuous Preservation

Manually using the rewriter? Second workflow to maintain?

• CWL Rewriter as GitHub Action

• Automatically create rewritten workflow on commit

• Run sample workflow on commit



Towards Continuous Preservation

Repository

CWL Workflow
Branch: Main

New Commit

Workflow Result

CWL Action

Execute CWL 
Workflow

Rewriter Action

Rewrite Workflow

Execute rewritten 
Workflow

Rewritten 
Workflow Result

Rewritten 
Workflow

Rewritten Workflow
Branch: Rewritten

Commit

Reference to 
original Commit



Rewriter Action
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Thanks for you 
attention!


