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Current You Future You



What you did and why

Paper
Documentation
README files

How you did it

Actual implementation 
(methodology)
Data + software + code

To give the full 
history of your 

science

The 
importance of 
reproducibility

You will deliver robust, reliable, trustful science.
Open Science benefits the research community and society

but…

+



Think about your 
purpose and skills

Full end-to-end automatic reproducibility is hard

Be realistic

https://thinkbeyondthelogo.wordpress.com/2015/06/19/moving-parts/

Scripts

Config

Files Data

Github

Depend
encies

Soft- 
ware



Think about your 
purpose and skill

Incremental 
progress is better 
than frustration

Who is going to reproduce your research?

Potentially, all the future generations of scientist that will ever exist

Define your 
scope

● Do it for yourself (and your future self)

● For your collaborators

● For the paper referees

● For the community in your field

● For everyone



A 
reproducible 

paper

Location and instructions to 
access raw data

Explicit definition of software 
used (provenance)

Analysis (code)

Documentation

Ramos-Padilla+2021: The viewing angle in AGN SED models, a data-driven analysis

https://github.com/aframosp/AGNView

https://github.com/aframosp/AGNView


Document what you do (README files) 

Use plain text (e.g. Markdown)

Use online repositories (Github, gitlab)

Get used to version control (git), at least the basics

Be explicit with the software you use

Notebooks can help with collaboration and sharing

Where to 
start?

Get routines



Software 
repositories  

(e.g. Github)





















Github
Gitlab

Bitbucket
…

 

They aim to provide an efficient collaborative platform
with powerful git management under the hood
and enabling personal or social coding

Software 
repositories



Basic ingredients





Jupyter notebooks
csv

markdown

Automatic 
rendering of 

files



Useful and efficient 
syntax

For .md files, 
issues, pull 

requests, etc.

Markdown 
language



Useful and efficient 
syntax

For .md files, 
issues, pull 

requests, etc.

Markdown 
language



Example README 
editor 

Describe what is this, for who 
and why

Describe the structure or add 
links to relevant files

Include instructions Project information

First thing a visitor sees

README

https://readme.so/editor
https://readme.so/editor


 

Commit 
history



 

Issues



 

Pull/merge 
requests



Workflow 
management 

systems

snakemake



https://slides.com/johanneskoester/ismb-snakemake-tutorial-2019

https://slides.com/johanneskoester/ismb-snakemake-tutorial-2019


https://slides.com/johanneskoester/ismb-snakemake-tutorial-2019

https://slides.com/johanneskoester/ismb-snakemake-tutorial-2019


https://slides.com/johanneskoester/ismb-snakemake-tutorial-2019

https://slides.com/johanneskoester/ismb-snakemake-tutorial-2019


Documentation

Software and 
data 

provenance

Code 
repository with 
version control

Data

Plots Tables

Paper

Catalog
Note-
books

Workflow Management Systems



● Allow you to create, manage, and execute workflows for data analysis

● From raw data to figures/paper automatically

● Atomic steps, more intuitive logic of analysis

● Re-run half-way through

● Re-run same analysis many times. Manage parallelization

● Create workflows that are transparent, shareable, and reusable

● Tools for dependency management (tasks and software packages)

Workflow 
management 

systems
Why workflows?

Adapted from S. Luna-Valero https://www.youtube.com/watch?v=ktZf7sze1ug

https://www.youtube.com/watch?v=ktZf7sze1ug


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

Existing 
workflow 
systems

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


Why 
snakemake?

Why?

Adapted from S. Luna-Valero https://www.youtube.com/watch?v=ktZf7sze1ug

● Snakemake is based on Python and uses a domain-specific 

language to define workflows

● Easy to learn (subjective)

● Scalability: runs on laptop or multi-core servers (e.g. slurm)

● Easy to manage software (specific conda or singularity per task)

● Snakemake provides tools for visualizing the job flow

● Handles boilerplate: common tasks such as parallelization, 

suspend/resume, logging

https://www.youtube.com/watch?v=ktZf7sze1ug


To manage 
packages, 

dependencies and 
execution

(~make in python)

Mölder et al. F1000Research 2021, 10:33

snakemake

https://f1000research.com/articles/10-33


Some DAG examples

(think input → output)











rule count_countries:
input:

"european-countries.txt"
output:

"number-of-countries.txt"
shell:

"wc --lines european-countries.txt > 
number-of-countries.txt"

$ cat european-countries.txt
Netherlands
Greece
Spain
Portugal
Italy
Poland
Austria

Adapted from S. Luna-Valero https://www.youtube.com/watch?v=ktZf7sze1ug

https://www.youtube.com/watch?v=ktZf7sze1ug


rule count_countries:
input:

"european-countries.txt"
output:

"number-of-countries.txt"
shell:

"wc --lines {input} > {output}"

$ cat european-countries.txt
Netherlands
Greece
Spain
Portugal
Italy
Poland
Austria



rule count_countries:
input:

"european-countries.txt",
"other-countries.txt"

output:
"number-of-countries.txt"

shell:
"wc --lines {input} > {output}"

$ cat european-countries.txt
Netherlands
Greece
Spain
Portugal
Italy
Poland
Austria



rule count_countries:
input:

"european-countries.txt",
"other-countries.txt"

output:
"number-of-countries.txt"

shell:
"wc --lines {input} > {output}" 

rule pre_processing:
input:

"number-of-countries.txt"
output:

"my_plot.png"
shell:

"python myscript.py {input}"



rule count_countries:
input:

"european-countries.txt",
"other-countries.txt"

output:
"number-of-countries.txt"

conda:
    "envs/count_countries.yaml"
shell:

"wc --lines {input} > {output}" 



rule count_countries:
input:

"european-countries.txt",
"other-countries.txt"

output:
"number-of-countries.txt"

container:
"docker://repo/image"

shell:
"wc --lines {input} > {output}"



Outputs:
temporary
protected
directory
ensure checksum
pipe

Remote files:
http
ftp
zenodo
Google
Dropbox
AWS

Execution:
shell
script
bash
notebook

rule count_countries:
input:

"european-countries.txt",
"other-countries.txt"

output:
"number-of-countries.txt"

shell:
"wc --lines {input} > {output}"

Launch:
local
cloud
Kubernetes
slurm
mpi



rule count_countries:
input:

"european-countries.txt",
"other-countries.txt"

output:
"Number-of-countries.txt"

container:
"docker://repo/image"

log:
"logs/count_countries.log"

benchmark:
"benchmarks/count_countries.txt"

report:
"report("fig1.png", caption="fig1.rst")"

params:
option="--lines"

resources:
mem_mb=100
nvidia_gpu=1

threads: 8
priority: 50
shell:

"wc {params.option} {input} > {output}"



Workflow 
management tool 
for open source 
scientific articles

Show your 
work!

● Based on snakemake. Final output is ms.pdf

● Github action to generate the pdf

● Can use Zenodo as archive for heavy files

● Integration with overleaf

● Prepares files for arXiv submission 

● Links figures in pdf to actual script

● https://show-your.work/en/latest

https://show-your.work/en/latest/


Demo time

Example of a simple reproducible paper using snakemake

https://snakemake.readthedocs.io/en/stable/

https://snakemake.readthedocs.io/en/stable/


A quick example
SKA Data Challenge 2



SDC1 (2018)

Continuum images at 3 bands 
simulating 1000 h of data. Source 
finding + characterization + identification

SDC2 (2021)

Multifrequency source finding and 
characterization of HI emitting 
galaxies. 1 TB data cube

The SKA 
Data 

challenges

Preparatory activities 
for the science 

community. 
Familiarize with SKA 

data products and 
optimize analysis



An SKA 
Data 

Challenge 
example



File 
traceability

Helps anyone to 
understand the 
logic and flow of 
the analysis.

Benefits 
modularization



File 
structure

Using a template 
is very helpful to 
organize ideas 
and start the 
project

Workflow file structure Results file structure



Version-controlled 
documentation 
deployed with 
readthedocs

Documentation



Populated directly 
from the scripts 

using Sphinx

Developers 
docs



Use standard 
Open 

Science 
related files

Manuel Parra’s talk 
this afternoon



Interoperable



Reproducibility 
checklists

Criteria:
https://drive.google.com/file/
d/1B2mZ_SYwktvXY-Rbdf0
OglIPuyHBs2UW/view

SDC2 reproducibility award 

List of criteria: link

● Well-documented
● Easy to install
● Easy to use
● Open license
● Accessible code
● Code standards
● Testing

https://drive.google.com/file/d/1B2mZ_SYwktvXY-Rbdf0OglIPuyHBs2UW/view
https://drive.google.com/file/d/1B2mZ_SYwktvXY-Rbdf0OglIPuyHBs2UW/view
https://drive.google.com/file/d/1B2mZ_SYwktvXY-Rbdf0OglIPuyHBs2UW/view
https://drive.google.com/file/d/1B2mZ_SYwktvXY-Rbdf0OglIPuyHBs2UW/view


Conclusions

What to do next?



First things 
first

Manual → automatic
Code ←/→ params

Use version control
software repositories

Start documenting 
(README, code …)

Share your work
(Zenodo, ASCL, 

WorkflowHub, SWH)



Follow a 
reproducibility 

checklist



Snakemake 
workflow catalog

Get inspired: 
Workflows

https://snakemake.github.io/snakemake-workflow-catalog/?rules=true

https://snakemake.github.io/snakemake-workflow-catalog/?rules=true


+ virtually all recent 
papers from 
Mohammad 

Akhlaghi and close 
collaborators

https://github.com/robertdstein/at2019dsg/tree/master

Get inspired: 
papers with 
repositories

Stein+2020: A tidal disruption event coincident with a high-energy neutrino

https://github.com/robertdstein/at2019dsg/tree/master

Jones+2019: Evolution of compact groups from intermediate to final stages. A 
case study of the H I content of HCG 16

https://github.com/aframosp/AGNView

Ramos-Padilla+2021: The viewing angle in AGN SED models, a data-driven analysis

https://github.com/robertdstein/at2019dsg/tree/master
https://github.com/robertdstein/at2019dsg/tree/master
https://github.com/aframosp/AGNView


Events to review 
the reproducibility 

of papers

Community

ReproHack Hub: https://www.reprohack.org/

Papers to review: https://www.reprohack.org/paper/

Reprohacks

https://www.reprohack.org/
https://www.reprohack.org/paper/


Resources

● Snakemake documentation 
https://snakemake.readthedocs.io/en/stable/index.html

● Open Science Droplets (IAA) https://droplets-spsrc.readthedocs.io/
● Reproducibility course @ CSIC https://github.com/spsrc/reproducibility-course
● SKA Data Challenge reproducibility criteria: 

https://drive.google.com/file/d/1B2mZ_SYwktvXY-Rbdf0OglIPuyHBs2UW/view
● The Turing Way https://the-turing-way.netlify.app/index.html
● A Survey on Adoption Guidelines for the FAIR4RS Principles: Dataset 

https://zenodo.org/record/6375540
● NBIS Reproducible research course

https://nbis-reproducible-research.readthedocs.io/en/course_1811/snakemake/
● Becoming a better scientist with open and reproducible research 

https://lgatto.github.io/open-and-rr-2/
● Creating an executable paper is a journey through Open Science 

https://www.nature.com/articles/s42005-020-00403-4
● Chapter 14 Managing Workflows with Snakemake 

https://eriqande.github.io/eca-bioinf-handbook/snakemake-chap.html
● Five recommendations Endorse for fair software https://fair-software.eu/
● Analysis preservation using Snakemake 

https://mstamenk.github.io/2017/08/snakemake-tutorial-for-data-analysts.html

https://snakemake.readthedocs.io/en/stable/index.html
https://droplets-spsrc.readthedocs.io/
https://github.com/spsrc/reproducibility-course
https://drive.google.com/file/d/1B2mZ_SYwktvXY-Rbdf0OglIPuyHBs2UW/view
https://the-turing-way.netlify.app/index.html
https://zenodo.org/record/6375540
https://nbis-reproducible-research.readthedocs.io/en/course_1811/snakemake/
https://lgatto.github.io/open-and-rr-2/
https://www.nature.com/articles/s42005-020-00403-4
https://eriqande.github.io/eca-bioinf-handbook/snakemake-chap.html
https://fair-software.eu/
https://mstamenk.github.io/2017/08/snakemake-tutorial-for-data-analysts.html

