
Max-Planck-Institut für
Struktur und Dynamik der Materie
�ÕÀÕ«iÀÊ
�>ÕÃÃiiÊ£{�]Ê�iL°Ê��Ê
��®
ÓÓÇÈ£Ê�>�LÕÀ}

Carsten Fortmann-Grote 
Scientific Computing Services 
Max-Planck-Institut for Evolutionary Biology, Plön, Germany 
carsten.fortmann-grote@evolbio.mpg.de 

Hans Fangohr  
Scientific Support Unit for Computational Science 
Max-Planck Institute for Structure and Dynamics of Matter, Hamburg, Germany 
University of Southampton, Southampton, United Kingdom 
@ProfCompMod, hans.fangohr@mpsd.mpg.de  

Research Data Management workshop 5 and 6 May 2021

Reproducible Science with Jupyter

6

Als Farbe wurde ein leuchtendes klassisches Blau 

gewählt, was sich vom traditionellen dunklem Grün 

der Max-Planck-Gesellschaft abgrenzt, aber ebenso 

klar und kühl wirkt. 

NEUERSTELLUNG DES MPSD-LOGOS

Die Farben

Das Logo wird in Schwarz, Blau 

und jeweils invers gesetzt.

Pantone 328

CMYK 100/0/57/30

RGB 17/102/86

Pantone 301

CMYK 100/45/0/20

RGB 48/89/160

mailto:carsten.fortmann-grote@evolbio.mpg.de
https://twitter.com/profcompmod
mailto:hans.fangohr@mpsd.mpg.de


Introduction Jupyter Prof Hans Fangohr, 5 October 2019

Max-Planck-Institut für
Struktur und Dynamik der Materie
�ÕÀÕ«iÀÊ
�>ÕÃÃiiÊ£{�]Ê�iL°Ê��Ê
��®
ÓÓÇÈ£Ê�>�LÕÀ}

2

Outline

• Brief introduction Jupyter 
Notebook 

• Some use cases  

• Jupyter Notebooks for 
(more) reproducible science 

• Binder, and example 

• Format: 

• Presentation 

• Tutorial 

• Discussion 

• Informal: Ask questions 
immediately
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3

Jupyter Notebook
• Purpose: data analysis, exploration, visualisation, … 

• Document hosted in web browser (demo) 

• Combines  

• text (markdown with LaTeX support) 

• Computer code (Python) 

• Output from code 

• Saved in one document 

• *.ipynb  [IPYthon NoteBook]   (JSON format on disk) 

• Can be re-loaded and re-executed

http://github.com/fangohr/jupyter-demo 

http://github.com/fangohr/jupyter-demo
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4

Terminology project Jupyter

• Jupyter Notebook: document in browser / file format 

• Jupyter Lab - newer interface in browser 
(includes Jupyter Notebook) 

• JupyterHub:  
allows to use Jupyter notebooks remotely
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5

JupyterLab
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6

History of Jupyter

• IPython -> IPYthon NoteBook -> *.ipynb 

• community began adding other languages 
(“kernels”) to the notebooks, starting with 
Julia and R 

• JUlia, PYThon, and R -> Jupyter 

• “Jupyter” is also a homage to Galileo’s 
notebooks which recorded the discovery of 
Jupiter’s moons
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7

* How does it work?

• Starting jupyter-notebook 
starts the notebook server 

• Opening a notebook starts up the “kernel” 

• The kernel communicates with the notebook server via ZMQ 

• The notebook server shows content via the browser 

• JavaScript used in Browser
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8

* Supported Kernels

• 50+ languages supported.  
• More complete list at  
• https://github.com/jupyter/jupyter/wiki/Jupyter-kernels

https://github.com/jupyter/jupyter/wiki/Jupyter-kernels
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9

Use case: data analysis 

• Explorative data analysis 

• Convenient combination of processing, 
results and interpretation 

• Complete capture of all computational steps 

• Good record for reproducibility 

• Share with collaborators & supervisors 
(html, latex, pdf)
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10

Use case: recipes

• For recurring tasks, pre-populate 
notebook with cells to carry out a 
particular type of data analysis 

• Create collection of such notebook 
recipes 

• Compromise between static recipe 
(=script) and interactive exploration
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Use case:  
report generator

• Use Jupyter Notebook as a report generator 

• *execute using nbconvert & save resulting 
notebook or create html/pdf 

• *Can modify parameters in beginning of 
notebook (nbparametrize or papermill) 

• Error messages embedded in output 

• Use cases:  

• Open Science COVID Analysis  
https://oscovida.github.io 
https://oscovida.github.io/html/Germany.html 

https://oscovida.github.io
https://oscovida.github.io/html/Germany.html
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12Use case:  
blending GUI and script

• “Widgets” provide graphical 
control elements in notebooks 

• Buttons, sliders etc trigger 
code execution / plotting 

• Discussion 

• Reproducibility is difficult at 
the moment
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13

*JupyterHub: use remote compute environment

• JupyterHub allows  

• users to connect through browser 
to High Performance Computing 
(HPC) resources 

• Use storage of HPC systems for 
notebooks and data  

• Example: JupyterHub @ GWDG:  
https://jupyter-cloud.gwdg.de 

JupyterHub

Home office

https://jupyter-cloud.gwdg.de
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14

JupyterHub example EuXFEL / DESY

• Access to ~30PB of data 

• Many thousand compute cores 

• Select appropriate hardware 
before launching 

Data exploration and analysis with Jupyter notebooks, Proceedings of the 17th 
International Conference on Accelerator and Large Experimental Physics Control 
Systems ICALEPCS2019, TUCPR02 http://accelconf.web.cern.ch/icalepcs2019/doi/
JACoW-ICALEPCS2019-TUCPR02.html, pdf (2020) 

http://accelconf.web.cern.ch/icalepcs2019/doi/JACoW-ICALEPCS2019-TUCPR02.html
http://accelconf.web.cern.ch/icalepcs2019/doi/JACoW-ICALEPCS2019-TUCPR02.html
http://accelconf.web.cern.ch/icalepcs2019/doi/JACoW-ICALEPCS2019-TUCPR02.html
https://jacow.org/icalepcs2019/papers/tucpr02.pdf
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15Use case: reproducible 
publication

• Create github repository to 
complement publication, 
containing 

• one notebook per figure / 
main result 

• Zenodo for long term 
preservation 

Example:  
https://github.com/maxalbert/paper-supplement-nanoparticle-sensing

https://github.com/maxalbert/paper-supplement-nanoparticle-sensing
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Maximilian Albert et al 2016 Nanotechnology 27 455502

https://iopscience.iop.org/article/10.1088/0957-4484/27/45/455502/meta
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17

One-study one-document

• One-study one-document:  
Notebook combines (and logs) equations, code, results, interpretation 

• Much easier than manually tracking post-processing, analysis, plot-
creation scripts, figure files, and LaTeX / Word files. 

• Data exploration and analysis with Jupyter notebooks, 10.18429/
JACoW-ICALEPCS2019-TUCPR02 (2020)

http://accelconf.web.cern.ch/icalepcs2019/doi/JACoW-ICALEPCS2019-TUCPR02.html
http://accelconf.web.cern.ch/icalepcs2019/doi/JACoW-ICALEPCS2019-TUCPR02.html
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18

Jupyter for Reproducible Science

• One-study one-document: research driven from notebook 

• Archive notebooks (and software environment) with data 

• Publish notebooks with manuscript  

• For example one notebook per key statement / figure / table 

• Strategy:  
Using Jupyter for reproducible scientific workflows. Computing in 
Science & Engineering, 10.1109/MCSE.2021.3052101 (2021)

https://www.doi.org/10.1109/MCSE.2021.3052101
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*Binder project
• Given a (Github) repository with 

• Jupyter notebooks 

• Software requirements (Dockerfile, 
requirements.txt, environment.yml) 

• Binder service  

• builds a container with the required software 
(repo2docker) 

• starts Jupyter notebook server in that container 
offering the notebooks 

• Alternative to Google Colab 

• Public Binder service: https://mybinder.org 
Example: https://github.com/fangohr/jupyter-demo

• Binder project provides free pilot at  

https://mybinder.org
https://github.com/fangohr/jupyter-demo
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20

http://github.com/fangohr/jupyter-demo 

http://github.com/fangohr/jupyter-demo
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Example: https://github.com/fangohr/jupyter-demo

https://github.com/fangohr/jupyter-demo
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Example: https://github.com/fangohr/jupyter-demo

https://github.com/fangohr/jupyter-demo
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Binder link available on:  
https://github.com/maxalbert/paper-supplement-nanoparticle-sensing

https://github.com/maxalbert/paper-supplement-nanoparticle-sensing
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https://github.com/maxalbert/paper-supplement-nanoparticle-sensing
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Summary – Jupyter notebook use cases

• Data analysis, One-study one-document 

• Provision of recipes, report generator 

• Remote data analysis (JupyterHub) 

• Documentation of Software (also publishing of books) 

• Reproducibility
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Additional remarks
• A wide ecosystem of tools is emerging for Project Jupyter 

• JupyterLab - a new interface to Jupyter Notebooks (Window manager in browser) 

• Many discipline specific libraries; rapid development; can be difficult to track 

• Observed issues 

• Multiplication of code and notebooks, for example during intense data analysis or 
experiment period 

• State of notebook may be tricky: Good practice to restart and re-run to check
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Summary Jupyter for Reproducible Science

• “One-study one-notebook” concept is powerful 

• Some open issues: 

• Jupyter Notebook does not work for (i) all applications and  
(ii) all people 

• Archiving software environment 

• Studies with large data and large compute 

• Binder shows interesting perspectives (NFDI, EOSC, GWDG, MPCDF, …?)
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Example text books using Jupyter
• François Chollet: Deep Learning with Python, https://github.com/fchollet/deep-learning-

with-python-notebooks   

• Wes McKinney: Python for Data Analysis, https://github.com/wesm/pydata-book 

• Aurélien Géron: Hands-on Machine Learning with Scikit-Learn, Keras and TensorFlow, 
https://github.com/ageron/handson-ml2  

• Hans Fangohr: Introduction to Python for Computational Science and Engineering, 
https://github.com/fangohr/introduction-to-python-for-computational-science-and-
engineering/blob/master/Readme.md 

https://github.com/fchollet/deep-learning-with-python-notebooks
https://github.com/fchollet/deep-learning-with-python-notebooks
https://github.com/wesm/pydata-book
https://github.com/ageron/handson-ml2
https://github.com/fangohr/introduction-to-python-for-computational-science-and-engineering/blob/master/Readme.md
https://github.com/fangohr/introduction-to-python-for-computational-science-and-engineering/blob/master/Readme.md
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32Use case: documenting 
software library

• Use notebook as chapter in documentation 

• Supported by sphinx —> html, pdf 

• Documentation easy to create: 

• enter commands in notebook 

• ouput is produced automatically 

• updating docs means re-running 
notebook 

• Can run regression test on documentation 
notebooks using NoteBook VALidate (nbval)
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Notebook name

Markdown cells

Code cell

Code output

Kernel name

Currently selected cell

Toolbar
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Sharing and exporting notebooks
• Share *.ipynb files 

• Can be displayed using jupyter-notebook 

• Code can be re-executed on collaborator‘s machine 

• Only if software is available, and data is available, and collaborators know how to start notebook 

• “Static sharing“ through html and email (for example)  

• Often sufficient – does not require installation or additional skills 

• Effective to communicate with supervisors, line managers etc 

• Convert using menu “File -> Download as -> html“ 

• Or using nbconvert:  

$ jupyter-nbconvert --to html 2-widgets.ipynb 
[NbConvertApp] Converting notebook 2-widgets.ipynb to html 
[NbConvertApp] Writing 382609 bytes to 2-widgets.html
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Summary – some tools in ecosystem
• Jupyter Lab – next generation Jupyter user interface 

• Jupyter Hub – serving notebook from compute facility for multiple users 

• NBDIME – DIffing and MErging tools 

• NBVAL – VALidation tool; use each cell as a test 

• NBCONVERT – conversion of notebooks to other formats & execution 

• NBParametrize and Papermill – inject parameters into notebook files 

• IPyWidgets – GUI like elements in notebook 

• Binder – Cloud hosted execution of notebooks from github repositories 

• There is much more.
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* Executing a notebook from the command line (nbconvert)

• Convert from ipynb to html: 

$ jupyter-nbconvert --to html 2-widgets.ipynb 

• Can optionally set output name 

$ jupyter-nbconvert --to html --output myout.html 2-widgets.ipynb 

• Can execute notebook before conversion: 

$ jupyter-nbconvert --execute --to html --output myout.html 2-widgets.ipynb 

• Execute notebook and save results as notebook: 

$ jupyter-nbconvert --execute --to ipynb --output myout.ipynb 2-widgets.ipynb 

[NbConvertApp] Converting notebook 2-widgets.ipynb to ipynb 

[NbConvertApp] Executing notebook with kernel: python3 

[NbConvertApp] Writing 103398 bytes to myout.ipynb



Introduction Jupyter Prof Hans Fangohr, 5 October 2019

Max-Planck-Institut für
Struktur und Dynamik der Materie
�ÕÀÕ«iÀÊ
�>ÕÃÃiiÊ£{�]Ê�iL°Ê��Ê
��®
ÓÓÇÈ£Ê�>�LÕÀ}

37

nbconvert
• nbconvert is a tool which can execute and convert notebooks to various other formats such as: 

• HTML, LaTeX, PDF, Markdown, ReStructuredText, Python, … 

• Static HTML pages can be created as documentation or tutorial 

• Nbsphinx -> Jupyter notebook provides section in sphinx documentation  

• Homepage: https://github.com/jupyter/nbconvert    

• Notebook as a script approach 

• Can change parameters inside notebook before execution (nbparametrize or papermill)

https://github.com/jupyter/nbconvert
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nbval
• py.test is a popular Python testing framework 

• nbval is a py.test plugin which lets py.test recognise and collect Jupyter notebooks 

• In each notebook, each cell is a test: 

• The test passes if execution of the input creates the stored output 

• The test fails otherwise 

• There is a variety of configuration parameters 

• Home page: https://github.com/computationalmodelling/nbval 

https://github.com/computationalmodelling/nbval
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$ py.test --verbose --nbval 2-widgets.ipynb 
============================= test session starts ============================== 
platform darwin -- Python 3.6.8, pytest-3.10.0, py-1.7.0, pluggy-0.8.0 -- /Users/fangohr/anaconda3/
bin/python 
rootdir: /Users/fangohr/Desktop/jupyter-demo, inifile: 
plugins: remotedata-0.3.1, openfiles-0.3.0, doctestplus-0.1.3, arraydiff-0.2, nbval-0.9.1 
collected 9 items 

2-widgets::ipynb::Cell 0 PASSED                                          [ 11%] 
2-widgets::ipynb::Cell 1 PASSED                                          [ 22%] 
2-widgets::ipynb::Cell 2 PASSED                                          [ 33%] 
2-widgets::ipynb::Cell 3 PASSED                                          [ 44%] 
2-widgets::ipynb::Cell 4 PASSED                                          [ 55%] 
2-widgets::ipynb::Cell 5 PASSED                                          [ 66%] 
2-widgets::ipynb::Cell 6 PASSED                                          [ 77%] 
2-widgets::ipynb::Cell 7 PASSED                                          [ 88%] 
2-widgets::ipynb::Cell 8 PASSED                                          [100%] 

===================== 9 passed, 1 warning in 2.11 seconds ====================== 
(base) [20:49:09] fangohr:jupyter-demo git:(master*) $

nbval example
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Jupyter Lab
• Next generation Jupyter notebook interface 

• Window manager embedded in browser 

• “classic notebook“ in one window 

• Additional features in other windows 

• File browser 

• Extensions 

• CSV viewer. 
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Dark theme!

Table of Contents extension

Multiple panels

Multiple tabs

Explore files (e.g. CSV)
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Jupyter Notebook vs. JupyterLab

• JupyterLab is the newer 
interface to the notebooks 

• Window manager in browser 

• It provides a more flexible 
interface closer to a modern IDE 

• Flexible layouts and panes 

• Console 

• Drag/Drop/Expand/Collapse 
cells 

• Themes 

• Extensions
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Nbdime – NoteBook DIff and MErge
• Jupyter notebooks are rich media documents, stored 

as plain text JSON files 

• Basic diff and merge tools (such as that used by git) 
do not handle this format well  

• Small changes to text/plots result in unreadable 
diffs 

• nbdime provides multiple tools to help with “content-
aware” diffing and merging for Jupyter notebook files 

• Homepage: -https://github.com/jupyter/nbdime 

• nbdiff compare notebooks in a terminal-friendly 
way 

• nbmerge three-way merge of notebooks with 
automatic conflict resolution 

• nbdiff-web shows you a rich rendered diff of 
notebooks 

• nbmerge-web gives you a web-based three-way 
merge tool for notebooks 

• nbshow present a single notebook in a terminal-
friendly way

https://github.com/jupyter/nbdime
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