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FAIRagro

What is a Workflow?

An orchestrated and repeatable pattern of business activity enabled by the systematic
organization of resources into processes that transform materials, provide services, or
process information. - Software AG

== Scientific Computational Workflow
A set of scripts and tools that run sequential or in parallel to transform

input data to output data

Plot Image :
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to csv
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Why do we need Workflows?

Result 1
Dataset 1 ,rhen

I did some g Result2
processing*

Dataset 2
Result 3

Dataset 1

- Plot Figure g4 Result1

Combine Transform
Convert Data Data

Data

=e Result?2

Dataset 2
Plot Figure Result 3

=P \Norkflows make data processing transparent, reproducible, and automatable
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A FAIRagro

Workflow Management System (WfMS)

WFMS Software —

Well-defined environment, separated from business logic
Better reproducibility & easy sharing

Scalable through parallelism
BAD: new system/language to learn
Visualization & provenance for free

Everything managed

GOD-Script
A single script executing

everything ew team members
Complex logic in stép orchestration
Poor man'‘s WfMS—L Error b
. . rone
YO—U exeCUtmg SCFIptS Data in undefined state

Repetitive Tasks
“It works on my machine”

by Hand

11 /3 / 2025 Bear attack created with ChatGPT
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So if workflows are awesome...

..why aren‘t all researchers using workflows, yet?

 Lack of awareness - Researchers are trained on

science not coding MAYBE? YESIII
Tool fragmentation (e.g. CWL, WDL, Nextflow, ...) USER
Workflow descriptions can be verbose (e.g. CWL) VALUE |
Demanding technologies being used (e.g. Docker)
Reward structures — FAIR data often not rewarded NO MA\/B;?

LOW >
HIGH EFFORT LOW

Is there enough return on investment?
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Existing WfMS Solutions
Alion reana J{nexiflow s Wi

LANGUAGE
Open for In

KNIME & g argo =Galaxy 2»{wd1}

Arvados Makeflow 35"
So @Streamﬂow m SciFlow Mai

HOW STANDARDS PROUFERATE:
(625 A/C CHARGERS, CHARACTER ENCODINGS, IN STANT MESSAGING, ETC)

117! RIDICULOLS!

WE NEED To DEVELOP
SITUATION: ?’kﬁTUC%VERS E\JSEEIWES SITUATION:
THERE ARE USE. CASES. m' THERE ARE
M COMPETING L O 15 COMPETING

=Ry | =

XKCD Standards, https://xkcd.com/927/ - CC-BY-NC 2.5
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https://hackage.haskell.org/package/SciFlow
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COMMON
Common Workflow Language (CWL) e
LANGUAGE
« Open Standard describing command line
° ° Workflow Inputs
tools and their connections to create a N B e
workflow \/ e /,12;'/
» Metadata describing execution SO\ S| e
- Describe what to run, not how to run - f'/ N\ ST
« Community based standard - not a specific  ~ Ne-

plot_election

software package
* No vendor lock-in
« portable between systems

bar map

Workflow Outputs
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Common Workflow Language (CWL) me

LANGUAGE

« YAML based (easy parsable) S

* 3 types of CWL Files o] o] [o] ]| oo e
Xmo n'/ags / s

R4

* Workflow

-
-
—————
-

. download_election_data geb e -BEZNUM )
« CommandLineTool / o
o (EX p r ess I O n TO O l ) get_feature_info plot_map ‘—‘

eeeeeee

« Tools describe granular steps used in
Workflows

« Workflows describe the Tool connections

plot_election

bar map

Workflow Outputs
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Structure of CWL Documents

Metadata

Input
Parameters

Output
Parameters

Runtime
Environment

Command

11/3/2025
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CommandLineTool Workflow
cwlVersion: v1.2 cwlVersion: v1.2
class: CommandLineTool class: Workflow
inputs: inputs:

- id: filename - id: token

type: string type: string

default: districts.geojson

inputBinding: outputs:

position: @ - id: raw_data

type: File
outputs: outputSource: collect/raw_data
- 1d: districts

type: File steps:

outputBinding: - id: collect

glob: $( . ) in:

- 1d: token
requirements: source: token
- class: DockerRequirement run: ../collect/collect.cwl

dockerPull: osgeo/gdal:ubuntu- out:
full-3.6.3 - raw_data

baseCommand: ogr2ogr

'FAIRagro

Metadata

Input
Parameters

Output
Parameters

Workflow
Steps
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% FAIRa gro /\ Scientific workfloWw Infyastuctore

SciWIin Client

We believe you are not supposed to write CWL Files by Hand

> Command-Line Application

Produce, Edit and Execute CWL

Written in the best programming language on the planet
Rust is yet again the most admired programming language (72%),

StackOverflow Survey 2025
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Easy (& Iy ELGRTIE L] Creation

/\ Version contyol

| 4
0 git Repository

{ K
> s&n create python calculation.py --population population.csv -- Creates
speakers speakers.csv Commit

The current working directory is /home/ubuntu/my_project
Executing command: python calculation.py --population
population.csv --speakers speakers.csv

Found changes:
- results.csv

Created CWL file workflows/calculation/calculation.cwl

& s4n create [OPTIONS] <COMMAND>

Research Environment Research Environment
wirth CommandlineTool

11/3/2025 1




FAIRagro
Easy (& Iy ELGRTIE L] Creation

s4n create [OPTIONS] <COMMAND>

oce Metadata
> s4n create g4 Input Parameters
python calculation.py Output Parameters
--population population.csv . .
—-speakers speakers.csv Runtime Environment j
> Command
0 git Repository [OPTIONS]
-¢, --container-image Dockerfile | python:3.10
-t my-docker

--enable-network, --net

Tracks file changes
--env .env

11/3/2025




y- docker:

Docker in a nutshell (for researchers)

Reproducible, isolated and small (Research) Environment

« Like a virtual machine but smaller

« Contains all neccessary code, data, tools to run an ,app“
* Runs everywhere: Laptop, HPC, Cloud, ... with consistent results
« Resolves , it works on my machine* problems

« Own Images can be build from special instruction files (Dockerfile)
« Existing Images can be downloaded from a registry
« Arunning image is called container

Simple Dockerfile
FROM python:3.13-slim
RUN apt-get update && apt-get install -y chrome

RUN pip install plotly pandas kaleido==0.2.1 matplotlib l
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Streamlined T4 kil Creation

Step added

. . CWL Workflow Inputs
Q) git Repository -\‘

s election

- CO d e > s4n connect main --from @inputs/election --to download_election_datp
download_election_data/election /
dat:

- Added step download_election_data to workflow
: Added or updated connection from inputs.election to ﬁ
- Data SetS download_election_data/election in workflow get_feature_infq [data

Updated Workflow workflows/main/main.cwl! \
feat!

i

- CWL Flles plot_election

bar

s4n connect [WORKFLOW] e
--from SLOT --to SLOT

Research Environment
with QWL Fileg

11/3/2025 14
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Streamlined IS Creation  wame of worfow /\

o o > s4n connect main
Metadata --from plot_election/bar
> s4n connect main N — n --to @outputs/bar
--from @inputs/election g '"putrarameters
--to download_election_data/election :
Workflow Steps
{step_id}/{slot_name} . .
{step_id}: one of CWL File, @inputs, ri-l\ Note: @inputs & @outputs prefix
@outputs [ - will be optional with next release!

>
CWL File resolved from

*[** [workflows/{step_id}/{step_id}.cwl can be Worikfiow or Tool

11 /3 /2 025 lillustration by https://www.manypixels.co 1 5
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Streamlined [T ilan] Creation ‘mom.

How to get {step_id}/{slot_name}? . =

Lists all cwL Files With slot information (-a)

¢c22f Inputs Outputs
| XX )
. plot_map ' plot_map/feature, plot_map/plot
> s4n list -a (CommandLineTool) plot_map/on, ...
demo (Workflow) demo/election, demo/ags demo/bar, demo/map
Details about Workflow (connection)
Workflow: “workflows/demo/demo.cwl’
ece CWL Version: vl.2
> s4n list workflows /flow/flow.cwl b Connection status:
[.]
: connected - : tool default - : no connection

1 1 /3 /2 025 lillustration by https://www.manypixels.co 1 6
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Reuse existing N30T

Data))| PLANT

> s4n install
https:/ / git.nfdi4plants.org/venn/Ru_ChlamyHeatstress

Installed Package venn/Ru_ChlamyHeatstress

s4n install --branch (branch) [GIT-URL] aiways has been

 Adds ,package“(=other git repository) as git Submodule
- Committed as link (no copy of data)
* Fixed to current commit

e Can be used in own Workflows via connect Command

« Use uninstall command to remove

11/3/2025 17
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Workflow [

CWL Reference implementation

e Local Execution

i | FAIRagro ]
=1 Sciwin Client gCWLTool

s4n execute local cwltool

« Remote Execution

reana @ de%gNBI UNIVERSITAT

BIELEFELD
Developed by CERN

FAIRagro Instance reana.bi.denbi.de

Available Instances: Adding Keycloak Login in early 2026

FAIRagro (de.NBI), CERN, PUNCH4NFDI

s4n execute remote
reana-client

11/3/2025
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UG Execution

_t reana
communicates REST AP| kubernetes

L

- Easier execution compared to reana-client reana.bi.denbi.de
de#NBI

« Auto-generates boilerplate config files 3
UNIVERSITAT

* Subcommands « 5 node Kubernetes cluster BIELEFELD

* start:schedules execution « ~ 280 VCPUs, 640 GB RAM, 5 TB Storage
« status: queries execution status
« download: download resulting files

 rocrate: create Provenance Run Crate from execution result

Workflow Run
{&} RO-Crate

> s4n execute remote start <

my_workflow.cwl inputs.yml

03.11.2025
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VTR your Workflows

outputs mermaid diagram code to use in e.g.
README. md

> s4n visualize /path/to/workflow.cwl

outputs dot diagram Wwhich can be piped into
eraphviz Yo create sug file

> s4n visualize -r dot /path/to/workflow.cwl
| dot -Tsvg > workflow.svg

11/3/2025

analyzed_data

d

json templates_template_m
/

plﬂ‘fb"“

readme

'FAIRagro

«l{templates/template.nd

release

| workflow outpu ts

|

(o] [me] [=] (o] [=]

)

Workflow Inputs

token

collect

\

analyze ..|../templates/template.md
H
1
1
: template
A
analyzed_data announce
readme
| 4 | 4
raw_data analyzed_data badge platform release readme

Workflow Outputs
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Overview

Scientist
1 uses
execution ee SILITE STTTPITTITY cessnnns > deorkﬂowHub
mana 1 interacts with (planned)
Creates Provenance Run Crate ‘E* FAIRagro ,
@ de:#NBI Workflow Run = | SciWIn Client installs Workflows from B O GitHub
@ rotrae & GitLab
10perates on
pulls ¢ Y 1
| Git-Reposito uses
. @ pository
ttl.sh : i
Ephemeral Docker registry i ? :::i:fy;e': < : Dat oL ANT
! @ docker | a 59 (
REPLICATED O :
@9 docker i - Annotated Research l »  PLANTdataHUB

03.11.2025 21
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What's next? Ideas for the Future

« Automated WorkflowHub.eu Publications
 Better ARC - Stack Interop UX oas)(puant
* (Semi-)automated Dockerfile creation

* Integration of Tool Registry Service API (TRS API) for install
» WorkflowHub.eu aEWorkflowHub o
- Dockstore.org amﬂﬂﬂ Dockstore

03.1 1 .2025 lillustration by https://www.manypixels.co 22
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What's next? Ideas for the Future

Graphical User Interface for SciWin

FAIR
= SciWIn Studio

https://code.blender.org/2023/10/node-tools/

11/3/2025
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Thank you for your Attention!

Download SciWin-Client

O github.com/fairagro/mé4.4_sciwin_client

Documentation

IE* fairagro.github.io/m4.4_sciwin_client

Examples

O github.com/fairagro/m4.4_sciwin_client_examples

1 1 /3 /2 025 lillustration by https://www.manypixels.co 2 4
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