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 Brief introduction Jupyter * Format:

Notebook . Presentation

e SOme use cases .
« Tutorial

« Jupyter Notebooks for . Discussion

(more) reproducible science

« [nformal: Ask questions

- Binder, and example immediately




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

In [1]:

In [2]:

In [3]:

Out[3]:

In [4]:

In [5]:

# Import Python and libraries we need later
$matplotlib inline

from numpy import exp, cos, linspace

import pylab

from ipywidgets import interact

Mathematical model: We would like to understand f(t, @, ) = exp(—at) cos(wt)

Code: Here is an implementation:

def f(t, alpha, omega):
"""Computes and returns exp(-alpha*t) * cos(omega*t)"""
return exp(-alpha * t) * cos(omega * t)

Interactive exploration: We can execute the function for values of 1, @ and w:

f(t=0.1, alpha=1, omega=10)

0.48888574340060287

Or produce a plot (in a function plot f so it can be re-used for different
parameters):

def plot_f(alpha, omega):
ts = linspace(0, 5, 500) # 500 points in interval [0, 5]
ys = f(ts, alpha, omega)
pylab.plot(ts, ys, '-")

plot_f(alpha=0.1, omega=10) # call function and create plot
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http://github.com/fangohr/jupyter-demo

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




JupyterLab

: File Edit View Run Kernel Tabs Settings Help

2 + t (] [% Lorenz.ipynb X | A Terminal 1 X Console 1 X | [A Data.ipynb X | M README.md X

i # > notebooks a + 3( [ﬁ D > | C Code v Python 3 O
Name - Last Modified In this Notebook we explore the Lorenz system of differential equations:

o

g [W Data.ipynb an hour ago i=oly—2x)

g2 Fas.ta..ipynb a day ago y=px—y—xz
W Julia.ipynb a day ago 7= —ﬂZ +xy

‘ Commands

Cell Tools

Tabs

[N Lorenz.ipynb
W R.ipynb

H iris.csv

{2} lightning.json
@ lorenz.py

seconds ago
a day ago

a day ago

9 days ago

3 minutes ago

Let's call the function once to view the solutions. For this set of parameters, we see the trajectories swirling around two points,
called attractors.

from lorenz import solve_lorenz
t, x_t = solve_lorenz(N=10)

[#] Output View X B lorenz.py

9 def solve_lorenz(N=10, max_time=4.0, sigma=10.0, beta=8./3, rho=28.0):

10 "m"uplot a solution to the Lorenz differential equations."""

11 fig = plt.figure()

12 ax = fig.add_axes([©, 0, 1, 1], projection='3d")

13 ax.axis('off')

14

15 # prepare the axes limits

16 ax.set_xlim((-25, 25))

17 ax.set_ylim((-35, 35))

18 ax.set_zlim((5, 55))

19

20 def lorenz_deriv(x_y_z, t@, sigma=sigma, beta=beta, rho=rho):

21 """Compute the time-derivative of a Lorenz system."""

22 X, ¥, Z = X_y_2Z

23 return [sigma * (y - x), x * (rho - z) -y, x * y - beta * z]
24

25 # Choose random starting points, uniformly distributed from -15 to 15
26 np.random.seed (1)

27 x0 = =15 + 30 * np.random.random((N, 3))

28




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

IPIyI:

IPython

IPI[yl: Notebook

jupyter




* How does it work? . __________

[ HTTP &

; | ngsockets ZMQ/ :

] . Browser : Notebook Server : Kernel I

+ Starting jupyter-notebook CU T - » } i
starts the notebook server =

Files

+ 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




* Supported Kernels

A%
ZScala '{%y »cHaskell p4cUS

Cling

- 50+ languages supported.

m Ocaml - More complete list at

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



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

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)

X-ray Absorption Spectroscopy 9

Step 1: Load data and align them by train id and pulse id

In [4]: proposalNB = 900074
semesterNB = 201930

runNB = 487
topic = 'SCS'
fields = ["SCS photonFlux", "SCS XGM", "MCP3apd", "nrj"]

run = tb.load(fields, runNB, proposalNB, semesterNB, topic,
validate=True, display=False)
nrun = tb.matchXgmTimPulseId(run)

Checking run directory: /gpfs/exfel/exp/SCS/201930/p900074/raw
/re487/
No problems found

Step 2: check the pulse integration window

In [5]: tb.checkTimApdWindow(nrun, mcp=3)

no raw data for MCP3. Loading trace from MCP3

Last pulse sample #
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o ——————
e A Ve
v i |
& ! :
o 10007 first pulse !
o APD region I
O |
S 500l last pu!se E
460 480 500 52@.099e5

First pulse sample #

Step 3: bin the data and plot the XAS spectrum

In [6]: nrj = np.linspace(nrun.nrj.min(), nrun.nrj.max(), 80)
xas = tb.xas(nrun, nrj, plot=True)

run 487 p900074

-6.5 o
0.5
-7.0



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

X-ray Absorption Spectroscopy 10

Step 1: Load data and align them by train id and pulse id

In [4]:

proposalNB = 900074

semesterNB = 201930

runNB = 487

topic = 'SCS'

fields = ["SCS photonFlux", "SCS XGM", "MCP3apd", "nrj"]

run = tb.load(fields, runNB, proposalNB, semesterNB, topic,
validate=True, display=False)

nrun = tb.matchXgmTimPulseId(run)

Checking run directory: /gpfs/exfel/exp/SCS/201930/p900074/raw
/re487/
No problems found

Step 2: check the pulse integration window

In [5]:

tb.checkTimApdWindow(nrun, mcp=3)

no raw data for MCP3. Loading trace from MCP3

Last pulse sample #

0 25 50 75
o ——————
e A Ve
g : :
] : l
o 10007 first pulse !
o APD region I
O |
S 500l last pu!se :
460 480 500 52@.099e5

First pulse sample #

Step 3: bin the data and plot the XAS spectrum

In [6]:

nrj = np.linspace(nrun.nrj.min(), nrun.nrj.max(), 80)
xas = tb.xas(nrun, nrj, plot=True)

run 487 p900074

-6.5 o
0.5
-7.0



overview("Germany");

Use case: | S O—-
report generator

1408
150 - e

100 -

50 - .
0- 4 R /

Feb 20 Apr 20 Jun 20 Aug 20 Oct 20 Dec 20 Feb 21 Apr 21

- Use Jupyter Notebook as a report generator — Germany new cases roling 74 mean)

Germany new cases

T T ik, i

Feb 20 Apr 20 Jun 20 Aug 20 Oct 20 Dec 20 Feb 21 Apr 21

7-day incidence rate
(per 100K people)

N
[}
1

* *execute using nbconvert & save resulting

daily change
normalised per 100K
(3%
(=}

notebook or create html/pdf

(=}
1

20-
=== (Germany new deaths (rolling 7d mean)

Germany new deaths

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

1.5-

0.0 - 0 i T T i i ] i
Feb 20 Apr 20 Jun 20 Aug 20 Oct 20 Dec 20 Feb 21 Apr 21

daily change
normalised per 100K

- Error messages embedded in output

in
q "‘ Germany cases daily growth factor
\

Germany cases daily growth factor (rolling mean)

()
)

R & growth factor
(based on cases)
5
-
>
£

Germany estimated R (using cases)
Yo

« Use cases:

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

e
]

Feb 20 Apr 20 Jun 20 Aug 20 Oct 20 Dec 20 Feb 21 Apr 21



https://oscovida.github.io
https://oscovida.github.io/html/Germany.html

Use case:
blending GUI and script

Figure 1

Train 79498615[132], pulse 004

- “Widgets” provide graphical
control elements in notebooks

| | 600 .-. o
» Buttons, sliders etc trigger 40 .I-=====

o

500

code execution / plotting

250

« Discussion

Image Type: data gain mask

» Reproducibility is difficult at 5 eusenes 4

TrainID: | 79498615 v B! Reset on train

t h e m O m e nt ClipRange: | = 0-1806  ColourMap: @ viridis
Status:

< Prev Good Next Good >
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*JupyterHub: use remote compute environment

+ JupyterHub allows JupyterHub

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

]

L2 N I
a Notebook Server X Kernel } |

]

- Use storage of HPC systems for § | il
notebooks and data S——

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



https://jupyter-cloud.gwdg.de
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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, TUCPRO?2 http://accelconf.web.cern.ch/icalepcs2019/doi/
JACOW-ICALEPCS2019-TUCPR02.html, pdf (2020)

Maxwell partitions® [dedicated node on ALL partition (preemption) v|

Choice of GPU®

Maxwell Jupyter Job Options

Note: For partitions without GPUs (or choice of GPUs) the GPU selection will be set to 'none'

Constraints®

[V1008INTEL

Note: This will override GPU selections!

Number of Nodes®

Note:Number of nodes will be set to 1 on shared jhub partition!

Job duration®

Launch modus®

Note: on the shared Jupyter partition (jhub) the time limit is always 7 days!

[Launch JupyterLAB

Remote Notebook® [PyFAI Tutorials (Collection) v]

Node and GPU availability
Partition # nodes # avail # GPUs avail # P100 avail # V100 avail
jhub 3 3 0 0 0
maxwell 61 46 0 0 0
maxgpu 19 12 12 1 10
all 327 188 0 0 0
allgpu 88 67 67 48 10

L sam
@/ W


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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Use case: reproducible
publication

Pull requests Issues Marketplace Explore

[} maxalbert / paper-supplement-nanoparticle-sensing

<> Code Issues 0 Pull requests 0 Projects 0 Wiki

» Create github repository to -
Branch: master v | paper-supplement-nanoparticle-sensing / notebooks /
C O m p | e m e nt p U b | i C a-t i O n ) ﬂ maxalbert Add labels to main figure and inset indicating that the plots show da...
C O n t a i n I n g ] s.'.cyle_sheets Add missing stylesheets.

[E) explanation_of_the_data_format.ip... Add notebook explaining the data format.

[E) fig_2_dipole_field_visualisation.ipy... ~Update fig_2_dipole_field_visualisation.ipyr

* O n e n Ote b O O k p e r ﬂ g U re / [E) fig_4_frequency_dependence_on_... Replace pickled data frame with text-base:

[E) fig_7 frequency_change_vs_lateral... Simplify construction of style cycle for Fig.
| I I a I n re S U |t [E) fig_8_frequency_change_vs_particl... Add labels to main figure and inset indicati
[E) fig_9a_dependence_of_frequency_... Replace pickled data frame with text-base:

[E) fig_9b_dependence_of_frequency._... Replace pickled data frame with text-base

* Z e n O d O fO r | O n g te rm [E) fig_9c_comparison_of_frequency_... Replace pickled data frame with text-base
. [E) style_helpers.py Simplify construction of style cycle for Fig.
preservann

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

G2y/ W8


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

( ’ This repository Pull requests Issues Marketplace Explore

[ maxalbert / paper-supplement-nanoparticle-sensing @ Watch~ 1 S Star 1 YFork 1

Nanotechnology 27 (2016) 455502 <> Code Issues 0 Pull requests 0 1] Projects 0 Wiki Insights

Branch: master v paper-supplement-nanoparticle-sensing / notebooks / fig_2_dipole_field_visualisation.ipynb Find file = Copy path

E l maxalbert Update fig_2_dipole_field_visualisation.ipynb e@62cd3 on 25 Apr 2016
c 2 contributors m
T 0 : - S
S \ \ \ ARR R RS YooY / / / [ 296 lines (295 sloc) | 214 kB Raw Blame History [J 4 1T
R A 7 R . V.
'52 ]'() AR R S S S N et P LA S S e e 4 YN
4‘.01 1 §::::::\\\\\-;~s—>—>»/// A1 LA \\\*4—4-4—4'/////::‘/’;;
N N N i o A e e P oo d H . H H H H H H H H
= Lo | RRIIIITEEEET 774 ; N NN NRRIS iyl d Fig. 2: Dipole Field Visualisation With Particle and Nanodisc
% 0 :::::::::::-»-w ::: ’; ; ; ; ; ; ; § : ‘\\ ::::::::: _«_::::::::::::: This notebook reproduces Fig. 2 in the paper, which shows a vector field plot of the dipole field generated by a uniformly magnetised
wn S e R e f f \ A S S nanoparticle together with a mockup of the nanodisc.
— 30| S>> A A J A A AR 55 e g
© R S T AR e In [1]: import matplotlib.colors as colors
.B  SaEasanange g Ce g S f ’ \ \ \ AR N it import matplotlib.pyplot as plt
e 40 - - XIS A A ERX X X KN NN - Arorrs e 0O o
w””""”’ / / ’ f \ \ \ \ \\\\“\““m from matplotlib.patches import Ellipse, FancyArrow
(] A AAAA LA A R A e e £rom matplotlib.pyplot import cm ) 1
1T /// / / f f \ \ \ \ \ \\\ PRS- $matplotlib inline
N=2 N=1 N=2

— —

-50 0 50

ymax_fld, annotation='N=1', color='darkblue')
=ymax_fld, annotation='N=2', color='red')
x=ymax_fld, annotation='N=2', color='red')

Lateral offset from particle centre (nm)

=
Figure 2. Vector field plot of the dipole field generated by a =, @
uniformly +z-magnetised MNP. The vectors are scaled to uniform N NN Seeee e e O
length with their colour indicating the field strength (orange is high R R seee M NN ceer e 27
) ) : ) o 20fx333;I;;=;EoTT ST bt
and violet/black is low). The vertical lines correspond to the x- 9 ol I S
. . . . . — RSy YL R R Mo
values where modes 1 and 2 have maxima in their spin precession S a0 TEEEIIIIE 0 RS
amplitude (see figures 3(a)—(b)). A schematic of the nanodisc is § NE===222 2 giiiiiiii“iiiﬁzm
shown at the bottom. N=2 N=1 N=2

Maximilian Albert et al 2016 Nanotechnology 27 455502 50 0 50

Lateral offset from particle centre (nm)



https://iopscience.iop.org/article/10.1088/0957-4484/27/45/455502/meta
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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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Jupyter for Reproducible Science

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

- Archive notebooks (and software
» Publish notebooks with manuscri
» For example one notebook per

- Strategy:

environment) with data

ol

Key statement / figure / table

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

o ® < [Em] mybinder.org &

B

- Given a (Github) repository with @ binder

- Jupyter notebooks
Turn a Git repo into a collection of interactive

- Software requirements (Dockerfile, notebooks

requirements.txt, environment.yml) e ceinatis omtonment. making your tade mmediately femmatuabls by sryont.
anywhere.
- Binder service
Build and launch a repository

- builds a container with the required software
(repoZdocke r) Git branch, tag, or commit Path to a notebook file (optional) =

- starts Jupyter notebook server in that container T mm————— ;

offering the notebooks

Copy the text below, then paste into your README to show a binder badge: (Gl

- Alternative to Google Colab

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

- Public Binder service: https:/mybinder.org



https://mybinder.org
https://github.com/fangohr/jupyter-demo
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[ ]
N\
B
ll
=
]

& github.com & ﬁ ] o o o < [l mybinder.org ¢

O Search or jump to... Pull requests Issues Marketplace Explore ] Thanks to Google Cloud and OVH for sponsoring our computers £

fangohr / jupyter-demo ®@Wwatch~ 0 % star | 0 YFork 1 °
<> Code Issues 0 Pull requests o Projects o Wiki Security Insights Settings ] b I n d e r
Introducing basics of Jupyter Notebook (intended to be used in presentation / chat) Edit

Manage topics

D 25 commits ¥ 2 branches T 1release 22 1 contributor sfs BSD-3-Clause

Branch: master v New pull request Create new file  Upload files = Find File

&} tangohr Add Zenodo badge to version 10 Latest commit 852283 7 days ago Starting repository: fangohr/jupyter-demo/master
executed-notebooks Save widget state 17 days ago The tool that powers this page is called BinderHub. It is an open source tool
) .gitignore git to ignore checkpoint files 9 months ago that you can dep\oy }/OUI'SE‘H.
) 1-basics.ipynb simplify example 1 9 months ago
2-widgets.ipynb remove output from this notebook 17 days ago Build logs hide

] LICENSE Update for use in ICALEPCS 17 days ago

Waiting for build to start...
README.md Add Zenodo badge to version 1.0 7 days ago Picked Git content provider.
Cloning into '/tmp/repo2dockerjaic8b8i'...
HEAD is now at 85f2283 Add Zenodo badge to version 1.0
Building conda environment for python=3.7Using PythonBuildPack builder
E® README.md s Building conda environment for python=3.7Building conda environment for python=3.7Step 1/51 : FROM
buildpack-deps:bionic

) requirements.txt order dependencies alphabetically 17 days ago

Fetching base image...

DOI 10.5281/zenodo.3463132

Most recent version of this repository is located at https://github.com/fangohr/jupyter-demo

Jupyter notebook demo repository

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


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

2

B
(i)

< Em| mybinder.org @] ] o | @® ® < Em] mybinder.org

Starting repository: fangohr/jupyter-demo/master

The tool that powers this page is called BinderHub. It is an open source tool Startmg repository: fanQOhr/JUpyter—demo/maSter

that you can deploy yourself. Your session is taking longer than usual to start!
Check the log messages below to see what is happening.

Build logs ide

notebook-5.7.8 HHARAAHAAR Build logs
nbconvert-5.4.1 HHBHAHHHAH

|

| N
libsodium-1.0.17 | e Pushing image

|

|

Pushing image
Pushing image
Pushing image
Pushing image
Pushing image

defusedxml-0.5.0 A
prompt_toolkit-2.0.9 #ARHAARAAH
backcall-0.1.0
pamela-1.0.0

HHHHHA A
#HAHAA AR

e Pushing image

|

|
ptyprocess-0.6.0 | HERRHARHRS
configurable-http-pr |
Pushing image
Pushing image
Pushing image

HHHHHAA
#HHHHAHAS
#HHHHA A
#HHHHA A
HHHHHA A

readline-8.0
urllib3-1.25.3

bleach-3.1.0
Pushing image
Pushing image

pyrsistent-0.15.4
oauthlib-3.0.1

wcwidth-0.1.7 HHHRHHAAAH
setuptools-41.2.0 #ARHHARAAA

|
|
|
|
|
| Pushing image
|
wheel-0.33.6 | #HHHIA A

|
|

2 |

Pushing image

Pushing image

Pushing image

Successfully pushed dlgpwel7.gra5.container-registry.ovh.net/binder/r2d-£18835fd-fangohr-2djupyter-
2ddemo-3e40cf:85£2283334a£25738921708bc2b989£fc3790c95dBuilt image, launching...

Launching server...

jedi-0.15.1 #HBHAABAAS
alembic-1.1.0 #AHHHAHHAH
nteract_on_jupyter- HERAHAHAHS

Here's a non-interactive preview on r

while we start a server for you. Your binder will open automatically when it is
ready

Here's a non-interactive preview on nbviewer while we start a server for you. Your binder will open automatically when it is

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



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

< in)

@& hub-binder.mybinder.ovh

Z Jupyter
Files Running Clusters
Select items to perform actions on them.
0 v W/
(3 executed-notebooks
& 1-basics.ipynb
& 2-widgets.ipynb
03 LICENSE

[3 README.md

0 requirements.txt

Name ¥

Upload

Last Modified

9 minutes ago
9 minutes ago
9 minutes ago
9 minutes ago
9 minutes ago

9 minutes ago

Quit

New~ &

File size

2.9kB

3.48 kB

1.58 kB

1.68 kB

17B

[Em] & hub-binder.mybinder.ovh
-3 .
~ J u pyter 2‘W|dgets (unsaved changes)

File Edit View Insert Cell Kernel Widgets Help

<«
B

B+ < @& B 44 ¥ MRun B C W Code

In [ ]: %matplotlib inline
from numpy import exp, cos, linspace
import pylab
from ipywidgets import interact, interact_manual

Title of investigation

Mathematical model

Want to understand f(t) = exp(—at) cos(wt)

Code / Data

In [ ]: def f(t, alpha, omega):

return exp(-alpha * t) * cos(omega * t)

Interactive exploration

We can execute the function for valuel of @ and w:
In [ ]: £(t=0.1, alpha=1, omega=10)
In [ ]: £(t=0.0, alpha=1, omega=10)

Although sometimes a plot is more instructive:

Computes and returns exp(-alpha*t) * cos(omega*t)

Not Trusted

22

e

r

‘ Python3 O

Q

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



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

( ’ This repository Pull requests Issues Marketplace Explore

[ maxalbert / paper-supplement-nanoparticle-sensing @ Watch~ 1 S Star 1 YFork 1

Nanotechnology 27 (2016) 455502 <> Code Issues 0 Pull requests 0 1] Projects 0 Wiki Insights

Branch: master v paper-supplement-nanoparticle-sensing / notebooks / fig_2_dipole_field_visualisation.ipynb Find file = Copy path

E l maxalbert Update fig_2_dipole_field_visualisation.ipynb e@62cd3 on 25 Apr 2016
c 2 contributors m
T 0 : - S
S \ \ \ ARR R RS YooY / / / [ 296 lines (295 sloc) | 214 kB Raw Blame History [J 4 1T
R A 7 R . V.
'52 ]'() AR R S S S N et P LA S S e e 4 YN
4‘.01 1 §::::::\\\\\-;~s—>—>»/// A1 LA \\\*4—4-4—4'/////::‘/’;;
N N N i o A e e P oo d H . H H H H H H H H
= Lo | RRIIIITEEEET 774 ; N NN NRRIS iyl d Fig. 2: Dipole Field Visualisation With Particle and Nanodisc
% 0 :::::::::::-»-w ::: ’; ; ; ; ; ; ; § : ‘\\ ::::::::: _«_::::::::::::: This notebook reproduces Fig. 2 in the paper, which shows a vector field plot of the dipole field generated by a uniformly magnetised
wn S e R e f f \ A S S nanoparticle together with a mockup of the nanodisc.
— 30| S>> A A J A A AR 55 e g
© R S T AR e In [1]: import matplotlib.colors as colors
.B  SaEasanange g Ce g S f ’ \ \ \ AR N it import matplotlib.pyplot as plt
e 40 - - XIS A A ERX X X KN NN - Arorrs e 0O o
w””""”’ / / ’ f \ \ \ \ \\\\“\““m from matplotlib.patches import Ellipse, FancyArrow
(] A AAAA LA A R A e e £rom matplotlib.pyplot import cm ) 1
1T /// / / f f \ \ \ \ \ \\\ PRS- $matplotlib inline
N=2 N=1 N=2

— —

-50 0 50

ymax_fld, annotation='N=1', color='darkblue')
=ymax_fld, annotation='N=2', color='red')
x=ymax_fld, annotation='N=2', color='red')

Lateral offset from particle centre (nm)

=
Figure 2. Vector field plot of the dipole field generated by a =, @
uniformly +z-magnetised MNP. The vectors are scaled to uniform 2 RN RN S N [N eoots LAY
. . . . . . . o 10 AT i e L e e e e A
length with their colour indicating the field strength (orange is high R R seee M NN ceer e 27
. . L I I S s S SRR r resereas
and violet/black is low). The vertical lines correspond to the x- 9 ol I S
. . . . . — et LAY N
values where modes 1 and 2 have maxima in their spin precession S a0 TEEEIIIIE 0 RS
amplitude (see figures 3(a)—(b)). A schematic of the nanodisc is § NE===222 2 giiiiiiii“iiiﬁzm
shown at the bottom. N=2 N=1 N=2
Binder link available on: 50 0 50

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

Lateral offset from particle centre (nm)


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

Frequency-based nanoparticle sensing over large field ranges
using the ferromagnetic resonances of a magnetic nanodisc:
supplementary material

DOI 10.5281/zenodo.60605 preprint‘arxiv:1604.07277 launch 'binder @ license MIT

This repository accompanies the paper "Frequency-based nanoparticle sensing over large field ranges using the
ferromagnetic resonances of a magnetic nanodisc”, published in Nanotechnology, Volume 27, Number 45. It provides the
data underlying the figures in the paper, as well as Jupyter notebooks to reproduce those figures.

The latest version of this repository can be found at https://github.com/maxalbert/paper-supplement-nanoparticle-sensing

Authors: Maximilian Albert, Marijan Beg, Dmitri Chernyshenko, Marc-Antonio Bisotti, Rebecca L. Carey, Hans Fangohr and
Peter Metaxas.

Contents

The directory notebooks/ contains Jupyter notebooks for the relevant figures in the paper. On Github you can view them
directly in the browser:

e Fig. 2: Dipole field visualisation

¢ Fig. 4: Frequency dependence on external field strength

e Fig. 7: Frequency change vs. lateral particle position https://github.com/maxalbert/paper-supplernent-na

("

z

)
icle-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




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

- Francois 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 Geron: Hands-on Machine Learning with Scikit-Learn, Keras and TensorFlow,
https.//github.com/ageron/handson-mi2

- 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

# European XFEL Python data Load the geometry from a file, along with the quadrant positions used here.

tools

Use case: documenting &5

Reading data files

[ ]
S O ftWa r e llb r a r AGIPD, LPD & DSSC data geom = LPD_1MGeometry.from_h5_file_and_quad_positions( ' lp:
Streaming data over ZeroMQ

Reassemble and show a detector image using the geometry:

In the future, geometry information will be stored in the calibration catalogue.

[10] # From March 18; converted to XFEL standard coordinate di
quadpos = [(11.4, 299), (-11.5, 8), (254.5, -16), (278.5,

Checking data files

égcl,':n%tlr‘fD S [11] geom.plot_data_fast(clip(modules_data[12], max=5000))

Command line tools [11] <matplotlib.axes._subplots.AxesSubplot at 0x2b611ff3de48>

- Use notebook as chapter in documentation

Performance notes

400

» Supported by sphinx —> html, pdf e e

Accessing LPD data

200
Assembling detector data into

+ Documentation easy to create:

Examining detector geometry

pixels

Detector geometry for AGIPD

+ enter commands in notebook OSSe deteciorgeonety

Working with non-detector
data =Y

Comparing fast XGM data

» ouput is produced automatically Fre R

Overall comparison of
suppression ratio (with error)

» updating docs means re-running TR e

0
pixels

n Ote b OO k Release Notes

Reassemble detector data into a numpy array for further analysis. The areas without
data have the special value “‘nan’" to mark them as missing.

* Can run regreSS|On test On documentatlon 9 [12] res, centre = geom.position_modules_fast(modules_data)

DigitalOcean i
print(res.shape)
plt.figure(figsize=(8, 8))

notebooks using NoteBook VAL idate (n bva 1) e i plt.imshow(clip(res[12, 250:750, 450:850], min=-400, max=

favorite dev tools with 1-Click (128, 1203, 1105)

Apps.
[12] <matplotlib.image.AxesImage at @x2b60ec9f4160>

Sponsored - Ads served ethically
500 —




O_Jupyter_and_CoIab Last Checkpoint: 2 minutes ago (unsaved changes)

a Logout Control Panel

File Edit View Insert Cell Kernel Widgets Help Not Trusted ] Python 3 O 33
+ 3 @ B 4 ¥ MWRun B C W Markdown E| B — foolbar
Notebook name Kernel name
/ Jupyter Notebooks and Colab
Ma rkd own Cel | S Jupyter Notebooks are a widely used tool for data science. They contain both code and rich-text elements like paragraphs, equations and charts. Notebooks

are both (a) human-readable documents used to present analysis and results; and (b) executable documents that your computer can be run.

Take 5 minutes to explore!

Important shortcuts

Action

Colab Shortcut

Executes current cell

Executes current cell and moves to next cell
Insert cell above

Currently selected cell — BIRSRACes e
Convert cell to code

Convert cell to Markdown
Autocomplete

Goes from edit to "command” mode
Goes from "command” to edit mode

Note: On OS X use <COMMAND> instead of <CTRL>

<CTIRL-ENTER>

<SHIFT-ENTER>

<CIRL-M> <A>

<CIRL-M> <B>

<CIRL-M> <Y>

<CIRL-M> <M>

<TAB>

<ESC>

<ENTER>

Types of cell

Notebooks are made up of a series of cells. There are two types:

* Code cells. These contain executable commands in Python.

« Text ('markdown’) cells. These include plain text, or you can use markdown conventions to add formatting.

COde Ce” > In [6]: 1 | print('Hello, I am a code cell')
2 print('Running me executes the code and renders the output below.')
COde OUtpUt > Helleo, I am a code cell

Running me executes the code and renders the output below.
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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”
* Orusing nbconvert:

S 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:

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

+ Can optionally set output name
S jupyter-nbconvert --to html --output myout.html 2-widgets.ipynb

- Can execute notebook before conversion:

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

- Execute notebook and save results as notebook:
S 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
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nbconvert

* nbconvert is atool 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.testis 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

nbval example

$ 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

PASSED 11%]
PASSED 22%]
PASSED 33%]
PASSED 44%]
PASSED 55%]
PASSED 66%]
PASSED 77%]
PASSED 88%]
PASSED 100%]

2-widgets: :ipynb::Cell
2-widgets::ipynb::Cell
2-widgets::ipynb::Cell
2-widgets: :ipynb::Cell
2-widgets::ipynb::Cell
2-widgets::ipynb::Cell
2-widgets: :ipynb::Cell
2-widgets:: :
2-widgets::

cooONOUT D WNEFERO

9 passed, 1 warning in 2.11 seconds
fangohr:jupyter-demo git: (master*) $
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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.




File Edit View Run Kernel Tabs Settings Help Multiple tabs
M 0_JUPYTER_AND_COLAB.IPYNB "] 0_Jupyter_and_Colab.ipynb X | % 1_Python_code_EXERCISES.i| X B roscar@DESKTOP-P9E1B7I: X
— - X [ > =u
<> ME = * B+ XDO0O c il Python 3 O roscar@DESKTOP-P9E1B7I:~/environments$ []
~
o . 1. Jupyter Notebooks and Colab
Jupyter Notebooks are sed tool for data science. They 1 C© J u pyte r N Ote bo o ks a nd CO | a b .
@ contain both code and rich-text elements like paragraph: M u \Uple paﬂe\s
s. Notebooks are both () human
to present analysis and resuits; Jupyter Notebooks are a widely used tool for data science. They contain both code and rich-text elements like paragraphs,
executable documents that your computer can be run.
* equations and charts. Notebooks are both (a) human-readable documents used to present analysis and results; and (b)
¥ 1.0.1. Important shortcuts executable documents that your computer can be run.
¥ 1.0.1.1. Types of cell =
(| ® Take 5 minutes to explore! _
Notebooks are made up of 3 series of cells. There are two types: EXD|OI’6 flleS (eg CS\/)
BLI2015.csv X
= 1.0.1. Important shortcuts o
. Delimiter: | .
Table of Contents extension
* Action Colab Shortcut "LOCATION" Country INDICATOR Indicator
Executes current cell <CTRL-ENTER> 1 AUS Australia HO_BASE Dwellings without basic facilities
Executes current cell and moves to next cell <SHIFT-ENTER> 2 AUT  Austria HO_BASE Dwellings without basic facilities
I T oo CCTRL-M> <A> 3 BEL Belgium HO_BASE Dwellings without basic facilities
4 CAN Canada HO_BASE Dwellings without basic facilities
Append cell below <CTRL-M> <B>
B e 5 CZE Republic HO_BASE Dwellings without basic facilities
‘ s et <CTRLAI <Y> 6 DNK Denmark HO_BASE Dwellings without basic facilities
Convert cell to Markdown <CTRL-M> <M> 7 FIN Finland HO_BASE Dwellings without basic facilities
Autocomplete <TAB> 8 FRA  France HO_BASE Dwellings without basic facilities
O T e CESC> 9 DEU Germany HO_BASE Dwellings without basic facilities
10 GRC Greece HO_BASE Dwellings without basic facilities
Goes from "command" to edit mode <ENTER>
1" HUN Hungary HO_BASE Dwellings without basic facilities
Note: On 05 X use ESEORRININ instead of ESEIRES 12 ISL lceland HO_BASE Dwellings without basic facilities
13 IRL Ireland HO_BASE Dwellings without basic facilities
1.0.1.1. Types of cell 14 ITA ltaly HO_BASE Dwellings without basic facilities
15 JPN Japan HO_BASE Dwellings without basic facilities
Notebooks are made up of a series of cells. There are two types: 16 KOR Korea HO_BASE Dwellings without basic facilities
e Code cells. These contain executable commands in Python. 17 LUX xembourg HO_BASE Dwellings without basic facilities
® Text (‘'markdown’) cells. These include plain text, or you can use markdown conventions to add formatting. 18 MEX ~ Mexico HO_BASE Dwellings without basic facilities
19 NLD stherlands HO_BASE Dwellings without basic facilities
[6]: ( ) 20 NZLw Zealand HO_BASE Dwellings without basic facilities
( ) 21 NOR Norway HO_BASE Dwellings without basic facilities
Hello, I am a code cell 2 POL Poland HO_BASE Dwellings without basic facilities
Running me executes the code and renders the output below. v

1 2 @& BLI2015.csv
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Jupvter Notebook vs. JupyterLab

« JupyterLab is the newer « Console

interface to the notebooks Drag/Drop/Expand/Collapse

« Window manager in browser cells

Themes

[t provides a more flexible

interface closer to a modern IDE .
« Extensions

« Flexible layouts and panes
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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

A notebook-v1.ipynb X | [ notebook-v2.ipynb " notebook-v1.ipynb X [ notebook-v2.ipynb
B + XTO [ » m C Markdown v Python3 O B+ X0 O » = C Makdown v Python3 O

A ~

1. This is a placeholder title! 1. Example of Notebook
Diffing!

Here's some description text, now typo free!

Here's some description text, maybe has a tpyo in it...

Here's some text that won't change.

Here's some text that won't change.
matplotlib.
matplotlib.pyplot plt
amazing_math [1, 2, 3, 4, 5]

amazing_math = [x"*2 amazing_math] amazing math = [1, 2, 3, 4, 5, 6]

amazing_math = [x**2 amazing_math]
plt.plot(amazing_math)

[<matplotlib.lines.Line2D at 0x7f30ab9b86d8>] 1 1 /\ F)IC)t

plt.plot(amazing_math)

[<matplotlib.lines.Line2D at @x7f7cbc839518>]

TODO:

M Better title
M Fix typo
M Section headings TODO:

M Go up to 6 squared!
o M Better title

o M Fix typo
o M Section headings
e B Go up to 6 squared!

v v

Mode: Command @ Ln1, Col 1 notebook-v1.ipynb Mode: Command & Ln1, Col 1 notebook-v2.ipynb




diff notebook-vi.ipynb notebook-v2.ipynb
7c7
"# This is a placeholder title!"

"# Example of Notebook Diffing!"

"Here's some description text, maybe has a tpyo in it ...
"Here's some description text, now typo free!\n",
"amazing_math = [1, 2, 3, 4, 5]\n",

"amazing_math = [1, 2, 3, 4, 5, 6]\n",
39240,46
b "cell_type": "markdown",
> "metadata": {},
> "source": [
> "i## A Plot"
> ]
> L
>
47c54
< "[<matplotlib.lines.Line2D at 0x7f30ab9b86ds>]"
> "[<matplotlib.lines.Line2D at 0x7f7cbc8395f8>]"
56c63
< "image/png": "iVBORWOKGZOAAAANSUhEUgAAAXAAAAD4CAYAAAD1jbo+AAAABHNCSVQICAGIFAhkiAAAAALWSFLZAAALEGAACXIBO
t1+/AAAADhORVhOU29mdHdhcmUABWFOcGxvdGxpYiB2ZXJzaW9uMy4xLjESIGhOdHA6LY9tYXRwbG90bGLlilm9yZy8QZhcZAAAGAELEQVR4N03d
eXwU9eH/8dcHEgjhCFdCwhHCHe4rYERBFKWgVqpWBZTiBVrUelatbb9ae2E961UFRFRO7zsggopYOcORAOG+SUgC5IDcu5/fHIn605RASHZ3dpP
38/HIg83MIPN2zLwzmZ35jLHWIiTIiwaeOOWFERKRqQVOAiIKFKBS4iEQRU4CTIiQUOFLiISpEL8ubKWLVvaulLg4f65SRCTorV27NttaG3nqdL8WeF
XCcHGVWrPHNKkVEgp4xZu/ppusUiohIkFKBi4gEKRW41iEiQUoGLiAQpFbiISIA6a4EbY90ZY74xxmw2xmwyxtzrmf6EMeagMWa95+Ny38cVEZH/q
Mx1hGXAg9baZGNMY2CtMWaxZ97z1tpnfBdPREQqCtYjcGtturU22 fM6HIgCtPFIMBGRmMqCgpIwnPt1EbmMGp17/30Z6DN8bEAF2B125IdxtjNhp]j
ZhpjmlXwNZONMWuMMWuysrKqFVZEJJgcLy7j5pmrefvHPazde9Tr37/SBW6MaQR8ANXnrcOD/gVOAvoB6cCzp/s6a+00a22CtTYhMv]/7gQVEam
RcgtLmfDGStbu08al4/pzSXwrr6+jUrfSG2NCKS/vOdbaDwGstYdPmj8d+Nzr6UREgLBOQQm/mrmKLel5vDI+AKN6RftkPZW5CsUAbwBbrLXPnT
Q95qTFrgZSvRIPRCS4HD1RwWvjpKOlLZz+elmwb6rLyhckfgFWATgBRjzHrPtMeAccaYfoAF9gB3+CShiEiQyMov5sYZK9h7pIAZEXMY1tW3p43PW
uDW2uWAOc2sL70fROQkOB30K2L89BUcyinizZsHMaRzS5+v06/DyYqI1ESHcgoZP30FWfnFVHXrYAZ3a06X9arARUSqYf/RAsZNXOFuQSlv33Ye
A9uf90pqnlCBi4hUBZ7sE4yfvoITIS7mTDGPPmM2b+nX9KnARKSrYkXmcG2esoNRImTvpPHq2jvB7BhW4iMg52pqRz40zVgKWeZMS6Rbd2JECKNA
RkXOw+VAeN72xkpA6hrmTzqdzVCPHsmg8cBGRSko5kMu46SuoH1KHBXc4W96gI3ARKUpI3neMiTNXEdEgLHMTEMNXPNZpSDoCFXESm9V7jjJhxk
qaN6zHgjvOD4jyBh2Bi4ic0b93ZnPbrDXENA1j7u2IREEEOR3pJIZzoCFXGpwLItWdzy5mraNmvA/MmBVd6gI3ARkdNamnaY099JpINUI2bfNpgWj
eo7Hel/qMBFRE6xaFMGd89NIj66Ce/cNpim4fWcjnRaKnARKZN8sTGde+evo3fbCGbdMpiIBqFOR6qQzoGLiHh8v04g98xLpn9sU96+NbDLG3QE
LiICwLtr9vPIBxtI7NCCGRMTaFg/80sx8BOKiPjY3JX7e0yjFIZ2acmoCQkOqFfX6UiVogIXkVrtrX/v4fFPN3FIfBSV3jiAsNDgKGIQgYtILTZ
92S7++uUWRvZoxcvjB1lAvILjeFLSBi0it9Mo303h66Vau6B3DC2P7EVo3uMobVOAiUstYa3nh6+38c812ftGvNc9c15eQICXxVUIGLSClireXpRV
t59dud/HIgW566tg916xinY1IWZCLxEagVrLX/9Ygszlu9m/Hmx/GVML+0EcXmDCLxEagG32/Knzzbx1097uX1IHI//vAfGBHd5gwpcRGo4tIvy+
49TmLdqP50GduCxy7vXiPIGFbiI1GAut+WRDzby/toD3HVxJx4a2a3GlDeowEWkhipzuXnwvQ18sv4Q91/ald+M6FyjyhtU4CISASW63Nw3 fz1f
pKTz8KhuTBne2elIPqECF5EapbjMxd1z17F482H+cEV3bh/aelIPqMCF5Ea06jUxa9nr+Wbrvn86aqeTBwS53Qkn1KBi0iNUFjiYvI7ali+I5u
/Xd2b8efFOh3351TgIhLOThSXcdtbqim5+yj/uLYP1yWoczqSX5x1AABjTDt jzDfGmM3GmE3GmHs905sbYXYbY7Z7/m3m+7giIv8tv6iUiTNXsX
rPMV640V+tKW+03CPVyoAHrbU9gETgLmMNMD+BRYIm1tguwxP05iIjf5BaWMuGNVazfn80LY/szpl8bpyP51VkL3FqbbqiN9rzOB7YAbYAxwFuex
d4CfuGrkCIipzp200QbZ6xg06FcXrixAFfOiXE6kt+d0xiKxpg4oD+wEmhlru33zMoAWLXwNZONMWUMMWuyYsrKqEVVEpNYR48WMm76CbYePM21C
[AiN7RjsdyRGVLnBjTCPgA+A+a23eyfOstRawp/s6a+00a22CtTYhMjKyWmFFRDLZzixg7bQV7jpzgjYkIXBwf5XQkx1SqwIOxoZSX9xxr7YeeyYe
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Here's some text that won't change.

amazing_math = [x**2 for x in amazing_math]

TODO:




