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Jupyter Notebook

).

Jjupyter
o

- interactive document
- hosted in web browser

- combines text, source
code, code output and
images

import matplotlib.pyplot as plt
import numpy as np

Code cells show both code input and output:
6+8 — 3%2
42
Markdown cells such as this one can contain text and ETEX equations such

as c(a,b) = v/a® + b%. We can use code to define the corresponding
functions:

def c(a, b):
return (a**2 + b**2)**0.5

Let us compute c(a, b) asafunctionof a and b and plot multiple lines

(each for a fixed b ).

a = np.linspace(0, 6, 13)
plt.figure(figsize=(8, 4))

for b in [0, 2, 4, 6]:
c_res = c(a, b)
plt.plot(a, c_res, '.-', label='b='+str(b))

plt.xlabel('a’)
plt.ylabel('c(a, b)')
plt.grid()
plt.legend();
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Why Jupyter notebooks for science?

"Jupyter: Thinking and Storytelling With Code and Data”

Granger and Pérez,
101109/ MCSE.2021.3059263 (2021)

"Using Jupyter for reproducible scientific workflows”
Beg, Kluyver, Ragan-Kelly, Fangohr et al
101109/MCSE.2021.3052101 (2021)

"Data exploration and analysis with Jupyter notebooks”
Fangohr, Kluyver, PaNOSC team et al
10.18429/)ACOW-ICALEPCS2019-TUCPRO02 (2019)


https://doi.org/10.1109/10.1109/MCSE.2021.3059263
https://doi.org/10.1109/MCSE.2021.3052101
https://doi.org/10.18429/JACoW-ICALEPCS2019-TUCPR02
https://doi.org/10.18429/JACoW-ICALEPCS2019-TUCPR02

Jupyter notebooks for Photon and Neutron Science [1] (2019)
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Abstract what was done, and a record of the code used and the results,
Jupyter notebooks are executable documents that are dis- to establish confidence and to serve as a base for further

played in a web browser. The notebook elements consist ~ WOrk-

of h thored cc 1 el and computer code, Digital notebook interfaces are an increasingly popular
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Jupyter notebooks for Photon and Neutron Science [1]

- driving data analysis from notebook
- collection of notebook recipes for typical tasks

- JupyterHub and computational environments (remote X11)



17th Int. Conf. on Acc. and Large Exp. Physics Control Systems

ISBN: 978-3-95450-209-7 ISSN: 2226-0358
VISION FOR EUROPEAN
OPEN SCIENCE CLOUD

As part of the Photon and Neutron Science Open Science
Cloud project PANOSC [24] we are working towards a data
analysis framework that allows remote interactive data anal-
ysis of selected data sets over the Internet. A backbone of
this vision are Jupyter notebooks that encapsulate the partic-
ular analysis proceduces for different types of experiments,
and which can be saved but also re-executed through access
points in the European Open Science Cloud (EOSC).

An important use case for this framework is the repro-
ducible re-execution of data analysis for publications which
are, for example, based on research facility data: We suggest
to describe the analysis ina Jupyter notebook, and archive the

driving data analysis from notebook
collection of notebook recipes for typical tasks

JupyterHub and computational environments (remote X11)

ICALEPCS2019, New York, NY, USA JACoW Publishing
doi:10.18429/JACoW-ICALEPCS2019-TUCPRO2

in [27], programs used for data analysis implement algo-
rithms which contain the scientific models. While models
can be described in scientific articles, only the implemen-
tation describes the management of all corner-cases and is
hence needed for reproducibility: only open-source software
allows full reproducibility.

It is furthermore required that scientists are technically
able and have the resources to express their analysis in
Jupyter notebooks. For most scripted processes, this should
be possible (the notebook may just call the script in the
most extreme scenario). In cases the scientist need access
to specific data analysis tools and corresponding graphical
user interfaces, an alternative solution is proposed by the
PaNOSC project which provides remote access to graphical

n to the author(s), title of the work, publisher, and DOL



Vision for European Open Science Cloud

EOSC Jupyter Vision [1]
- a data analysis framework that allows remote interactive
data analysis of selected data sets over the Internet.

- Jupyter notebooks that encapsulate the particular analysis
procedures and which

- can be re-executed through access points in the European
Open Science Cloud (EOSC).

[1] Data exploration and analysis with Jupyter, 1018429/JACOW-ICALEPCS2019-TUCPR02



Vision for European Open Science Cloud [1]

Use case 1: reproducible publications
- describe the analysis in a Jupyter notebook
- archive the notebook with required software as metadata
- together with (raw or preprocessed) publication data

[1] Data exploration and analysis with Jupyter, 1018429/JACOW-ICALEPCS2019-TUCPR02



Example for use case 1: reproducible publications

Nanotechnology 27 (2016) 455502

Smaabort/ @wmane | 1] (o] 1] [t |1
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Figure 2. Vector field plot of the dipole field generated by a
uniformly +z-magnetised MNP. The vectors are scaled to uniform
length with their colour indicating the field strength (orange is high
and violet/black is low). The vertical lines correspond to the x-
values where modes 1 and 2 have maxima in their spin precession
amplitude (see figures 3(a)—(b)). A schematic of the nanodisc is
shown at the bottom.
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Example for use case 1: reproducible publications

< C O @ github. t/paper anoparticle-sensing/tree/mast

Search or jump to. Pull requests Issues Marketpl:

& maxalbert / paper-supplement-nanoparticle-sensing  Public

* publish repository to
. <> Code ( Issues I Pullrequests (® Actions [ Projects O Wil
COmplement manUSCrlpt,

containi ng % master ~ paper-supplement-nanoparticle-sensing / notebooks /

- one notebook per figure / main
result

!! maxalbert Add labels to main figure and inset indicating that the plots show d

- Zenodo for long term

style_sheets Add missing stylest
p rese rvatl on explanation_of_the_data_format.ipynb Add notebook explz
fig_2_dipole_field_visualisation.ipynb Update fig_2_dipol

fig_4_frequency_dependence_on_external_field.ipynb Replace pickled dat
fig_7_frequency_change_vs_lateral_particle_position....  Simplify constructic

. fig_8_frequency_change_vs_particle_separation.ipynb  Add labels to main
https://github.com/maxalbert/

DD OO0 DDODD OO R

paper-supplement-nanoparticle-sensing fig_9a_dependence_of_frequency_change_on_particl.. Replace pickled da

https://doi.org/10.5281/zenodo.60605 ) ) )
fig_9b_dependence_of_frequency_change_on_particl... Replace pickled dat
fig_9c_comparison_of_frequency_change_for_variou... ~ Replace pickled dat
style_helpers.py Simplify constructic


https://github.com/maxalbert/paper-supplement-nanoparticle-sensing
https://github.com/maxalbert/paper-supplement-nanoparticle-sensing
https://doi.org/10.5281/zenodo.60605

Binder software and project

Binder needs: @binder

- data repOSitO I'Y (eg. git repository, Zenodo, Figshare, DataVerse)
- notebooks to execute
- software reqUirementS (eg requirements.txt)

Usage:

- Given the URL of the repository, Binder builds a (Docker)
container to provide the software

- Starts Jupyter notebook server inside that container
- and connects to user’s browser

- Binder is part of Project Jupyter https://github.com/jupyterhub/binder
- Example: https://github.com/fangohr/reproducibility-repository-example


https://github.com/jupyterhub/binder
https://github.com/fangohr/reproducibility-repository-example

mybinder.org service (a public Binder instance)

eee M- < © & mybinderorg ©@ b + &8

Thanks t Google Cloud, OV, GESIS Notebooks and the Turig nstute forsupportng ust @ Donste to mybinder.org!
® b. d

Turn a Git repo into a collection of interactive
notebooks

Have a repository full of Jupyter notebooks? With Binder, open those notebooks in an
executable environment, making your code immediately reproducible by anyone,

anywhere.
New to Binder? Get started with a Zero-to-Binder tutorial in Julia, Python, or R

8uild and launch a repository
Github repository name or URL

Gitub -
Git ref (branch, tag, or commit) Path to a notebook file (optional)

File~

Copy the URL below and share your Binder with others

FALL in the fields to see a URL for sharing your Binder. ®

Expand to see the text below, paste it into your README to show  binder badge: »

Public service “MyBinder”: http://mybinder.org


http://mybinder.org

Software specification makes repo "binder-enabled”

¥ master ~  paper-supplement-nanoparticle-sensing / environment.yml

b maxalbert Eliminate explicit dependency on brewer2mpl (we now hard-code the col... -

A1 contributor

11 lines (11 sloc) 158 Bytes

1 name: particle-sensing
2 dependencies:

3 - python

4 - future

5 - ipython

6 - jupyter

7 - matplotlib>=1.5
8 - numexpr

9 - numpy

10 - pandas>=0.18
11 - statsmodels

software requirements are recorded in repository:
* environment.yml for conda
- requirements.txt for python
install.RforR
More options at
https://repo2docker.readthedocs.io/en/latest/config_files.html


https://repo2docker.readthedocs.io/en/latest/config_files.html

Use cases for Binder-enabled repositories

- reproducibility
* Beg etal, Using Jupyter for reproducible scientific workflows, 101109/ MCSE.2021.3052101 (2021)
- zero-install software provision (only web browser needed)

- interactive documentation

- workshops
- test-drive software

* Example: https://ubermag.github.io —

- data access
- deposit data together with software to read data


https://ubermag.github.io

EOSC Jupyter Vision [1]

Use case 1: reproducible publications

- describe the analysis in Jupyter notebook
- archive the notebook with required software

- together with publication data

Use case 2: data access

- describe the data access in Jupyter notebook
- perhaps include common analysis examples

- archive the notebook with required software

- together with experiment data

[1] Data exploration and analysis with Jupyter, 1018429/JACOW-ICALEPCS2019-TUCPRO2



EOSC Jupyter Vision [1]

Use case 1: reproducible publications

- describe the analysis in Jupyter notebook
- archive the notebook with required software

- together with publication data

Use case 2: data access

- describe the data access in Jupyter notebook
- perhaps include common analysis examples

- archive the notebook with required software

- together with experiment data

- Use cases are similar.

[1] Data exploration and analysis with Jupyter, 1018429/JACOW-ICALEPCS2019-TUCPRO2



Example for use case 2: Data Access through Binder

LX) 02_predictonssave_max pro X 4

C O & edmondmpdlmpg.de/file xhtmizfield=1965278version=1.0

DO AD)

This fil s part of "Code for manuscript "Nanog organizes transcription bodies"

/ File Citation

Kuznetsova Ksenia, 2022, "Code for manuscript "Nanog organizes transcription bodies™,
https:/dol.org/10.17617/31HKRBW, Edmond, V1;
02_prediction+save_max_project_each_ch_each_time-checkpoint.ipynb [fileName]

Cite DataFile v Learn about Data Citation Standards.

Dataset Citation

Kuznetsova Ksenia, 2022, "Code for manuscript "Nanog organizes transcription bodies" https:/doi.or
/10.17617/3HKRBW, Edmond, V1

Cite Dataset + Learn about Data Citation Standards.

Search~  Help  Support  Login

Contact Owner

File Access
@Public
File Metrics
Download Options &
4 Downloads

Jupyter Notebook
Download Metadata &
Data File Citation
Explore Options &

Explore with MyBinder

+ Realised for 50 institutions’ through Dataverse software including
Harvard, Johns Hopkins, Max Planck Society.

- Workflow: the whole data set is copied from the (DataVerse) source to
the Binder-container when the binder session starts

! https://github.com/jupyterhub/repo2docker/blob/main/repo2docker/contentproviders/dataverse.json



Example for use case 2: Data Access through Binder

LX) 02_predictonssave_max. o x N

C O @ edmond.mpdl.mpg.deffile xhtmiZfileld=196527&version=1.0 a0 w o»0@ :

€DM@ND Seach~  Help  Support  Login

This fil s part of "Code for manuscript "Nanog organizes transcription bodies"™

Kuznetsova Ksenia, 2022, "Code for manuscript "Nanog organizes transcription bodies™; Contact Owner

File Access
https:/doi.org/10.17617/3HKRBW, Edmond, V1; on
02_predictionssave_max_project_each_ch_each_time-checkpoint.ipynb [fileName] File Metrics uolic

Download Options &

Cite Data File ~ Learn about Data Citation Standards. 4 Downloads Jupyter Notebook
Download Metadata &
Dataset Citation Data File Citation
Kuznetsova Ksenia, 2022, "Code for manuscript "Nanog organizes transcription bodies™, https:/doi.or Explore Options it E -
/10.17617/3HKRBW, Edmond, V1 Explore with MyBinder

Cite Dataset + Learn about Data Citation Standards.

+ Realised for 50 institutions’ through Dataverse software including
Harvard, Johns Hopkins, Max Planck Society.

- Workflow: the whole data set is copied from the (DataVerse) source to
the Binder-container when the binder session starts

- — not practical for larger data sets

! https://github.com/jupyterhub/repo2docker/blob/main/repo2docker/contentproviders/dataverse.json



Challenges for EOSC Jupyter vision 1/2

Binder-enabled data access and analysis with Notebooks:

- 1. need analysis content/data access software in
repository and notebooks

- 2. need to execute notebooks in the correct
computational environment
- what software is needed
- what versions
- how should it be compiled



Challenges for EOSC Jupyter vision 1/2

Binder-enabled data access and analysis with Notebooks:

- 1. need analysis content/data access software in
repository and notebooks

- user behaviour — v/
- 2. need to execute notebooks in the correct
computational environment

- what software is needed
- what versions
- how should it be compiled



Challenges for EOSC Jupyter vision 1/2

Binder-enabled data access and analysis with Notebooks:

- 1. need analysis content/data access software in
repository and notebooks

- user behaviour — v/
- 2. need to execute notebooks in the correct
computational environment

- what software is needed
- what versions
- how should it be compiled

- Binder software specifications — v/



Challenges for EOSC Jupyter vision 2/2

Binder-enabled data access and analysis with Notebooks:

- 3. for small data sets:

+ Can use mybinder . OT'g (perhaps with added EOSC resources?)
- transfer whole data set when container is created

- 3. for large data sets we need either:
- transparent data access to files at remote location

or
- Need BinderHub instances close to (large) data sets

2 https://github.com/jupyterhub/repo2docker/tree/main/repo2docker/contentproviders
See T4.3 in https://github.com/minrk/horizon-widera-2022/blob/main/submitted-SOURCE-2022-04-20.pdf
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Binder-enabled data access and analysis with Notebooks:

- 3. for small data sets:
- can use mybinder.org (perhaps with added E0SC resources?)
- transfer whole data set when container is created
- working for providers? defined in binder — v/
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2 https://github.com/jupyterhub/repo2docker/tree/main/repo2docker/contentproviders
See T4.3 in https://github.com/minrk/horizon-widera-2022/blob/main/submitted-SOURCE-2022-04-20.pdf



Challenges for EOSC Jupyter vision 2/2

Binder-enabled data access and analysis with Notebooks:

- 3. for small data sets:

- can use mybinder.org (perhaps with added E0SC resources?)
- transfer whole data set when container is created
- working for providers? defined in binder — v/
- 3. for large data sets we need either:
- transparent data access to files at remote location
- protocol and location identifier unclear® — ?
or
- Need BinderHub instances close to (large) data sets

2 https://github.com/jupyterhub/repo2docker/tree/main/repo2docker/contentproviders
See T4.3 in https://github.com/minrk/horizon-widera-2022/blob/main/submitted-SOURCE-2022-04-20.pdf



Challenges for EOSC Jupyter vision 2/2

Binder-enabled data access and analysis with Notebooks:

- 3. for small data sets:

- can use mybinder.org (perhaps with added E0SC resources?)
- transfer whole data set when container is created
- working for providers? defined in binder — v/
- 3. for large data sets we need either:
- transparent data access to files at remote location
- protocol and location identifier unclear® — ?
or
- Need BinderHub instances close to (large) data sets
- provided by data hosting organisations — ? (v/)

2 https://github.com/jupyterhub/repo2docker/tree/main/repo2docker/contentproviders
See T4.3 in https://github.com/minrk/horizon-widera-2022/blob/main/submitted-SOURCE-2022-04-20.pdf



FAIR with project Jupyter

Findable

Accessible

- Technology: Browser sufficient for access v

Interoperable

- If kernel(=language) used in the notebook is acceptable v/

Re-usable (and reproducible)

- Software environment provides immediate executability

v



EOSC Jupyter Vision [1]
- make data available together with software to read data
- provide example/documentation/analysis notebooks

- provide access through Binder instance

Does not formally enforce presence of metadata but code embeds some of it.
Blockers (for large data sets)

- either need data set location and remote access/protocol

- or need Binder instances close to data

[1] Data exploration and analysis with Jupyter,
https://doi.org/10.18429/JACoW- ICALEPCS2019-TUCPRO2
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