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Literate programming

Instead of imagining that our main task is to instruct a computer what to do, let
us concentrate rather on explaining to human beings what we want a computer
to do.

— Donald E. Knuth, Literate Programming, 1984
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Literate programming

A literate computing environment is one that allows users not only to execute
commands interactively, but also to store in a literate document the results of
these commands along with figures and free-form text.

- Millman KJ and Perez F (2014)
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And the concept was already in place in the 1980s
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Literate programming

What does it look like ?
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~ Jupyter weicometoP

File Edit

View Insert Cetl

B + xa B ++ >

In[ ):

= Jupyter

Welcome to the
This Notebook Server wat

WARNING
Don't rely on this sen

Your server is hosted that

Run some Python (

To run the code below:

1. Click on the cell to S¢
2. Press SHIFT+ENTER

A full tutorial for using the

tmatplotlib inline

import pandas as pd
import numpy as np
import matplotlib

— Jupyter Lorenz Differential Equations wsws

File Edit View Insert Cell Kemel Help
B+ ¥ Q8B 44 v > B C Code ¢ Cell Toolbar: None
Exploring the Lorenz System
In this Notebook we explore the Lorenz system of differential equations:
x=a(y-x)
y=px—=y=-2xz
t==fz+xy

A

Python3 O

This is one of the classic systems in non-linear differential equations. It exhibits a range of
complex behaviors as the parameters (0, /3, p) are varied, including what are known as chaotic
solutions. The system was originally developed as a simplified mathematical model for

atmospheric convection in 1963,

In [7): interact(Lorenz, N=fixed(10), angle=(0.,b360.),
o=(0.0,50.0),B=(0.,5), p=(0.0,50.0))

angle 308.2
max_time |12
o 10
p 26
P 28




Literate programming

ene
— Jupyter Lorenz Differential Equations wsses o
File Edit View Insert Cel Kemel Help Python3 O
B + ¥ 28 2 v > B C Code §  Cell Toolbar: None

— Jupyter weicometo I;

nsert Cel

8 + x B + 93 »>1

— Jupyter

Welcome to the
This Notebook Server wat

WARNING
Don't rely on this sen

Your server is hosted that

Run some Python (

To run the code below:

1. Click on the cell to ¢
2. Press SHIFT+ENTER

A full tutorial for using the

In [ ): %matplotlib inline

import pandas as pd
import numpy as np
import matplotlib

Exploring the Lorenz System

In this Notebook we explore the Lorenz system of differential equations:

x=o(y—x)
y=px=y=-2xz
= ~fz+xy

This is one of the classic systems in non-linear differential equations. It exhibits a range of
complex behaviors as the parameters (0, f, p) are varied, including what are known as chaotic
solutions. The system was originally developed as a simplified mathematical model for
atmospheric convection in 1963,

In [7): interact(Lorenz, N=fixed(10), angle=(0.,360.),
o=(0.0,50.0),B=(0.,5), p=(0.0,50.0))

angle 308.2
max_time | 12
o 10
p 26
] 28
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Interactive programming
interface

allowing to combine both
natural and computer
languages.

In one file:
Explanations

- Code
- Results
- Graphs and plots



Literate programming

Why using literate programming frameworks ?

Use cases:

- Labbook

- Day to day analyses

- Analysis reports

- Writing scientific article
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Example of an article entirely written using a notebook

File (on a repository) Published article Executable file

colemote-dockerfusacase - X m @ {Frentlers| Pedlcrion of Mt _ [ e s *

© & https://github.com/colomoto/colo: e+ w @ search © & hitpsy//www.irontic B e0% @ Y Q_ search © | @ hitps://nbviewer.jupyterorg B | eee w Q search

Lo (=)= C a

:Jupyter wevier A (> = @ ¢ X

nbviewer
B colomoto / colomoto-docker ©Watch 5  Yrsta 7 % Fork 2
e TOTAL 1 8 66
VIEWS - N .
R S ) ’ Prediction of Mutations to Control Pathways
<> Code () Issues 8 1) Pull requests ») Actions :) Security Insights e ~ _
PROTOCOLSARTICLE Enabling Tumour Cell Invasion with the
ColLoMoTo Interactive Notebook (Tutorial
B . Front. Physiol., 06 July 2018 | https://doi.org/10.3389/fphys.2018.00787 cﬁ (T )
¥ for-next ~  colomoto-docker / usecases / Usecase - Mutations enabling tumour Go to file .- updates’ Authors: Nicolas Levy'2, Aurélien Naldi®, Céline Hernandez®, Gautier Stoll8, Denis Thieffry3,
invasion.ipynb Andrei Zinovyev®!", Laurence Calzone® ', Loic Paulevé™”
: 4 o - o i H H 2 - 1 LRI UMR 8623, Université Paris-Sud, CNRS, Université Paris-Saclay, Orsay,
N pauleve update notebooks with new ginsim graphics Latest commit 14985¢c2 on 24 Apr YO History Pred'ct'on of Mutatlons to Control Pathways Ena bl'ng Tu mor France; 2 Ecole Normale Supérieure de Lyon, France; * Computational Systems
Cell Invasion with the CoLoMoTo Interactive Notebook Biology team, Institut de Biologie de PEcole Normale Supérieure, CNRS
Ax 1 contributor - UMRB8197, INSERM U1024, Ecole Normale Supérieure, PSL Université, Paris,
(Tu tOrIal) France; ¢ Université Paris Descartes/Paris V, Sorbonne Paris Cité, Paris,
France; 5 Equipe 11 labellisée Ligue Nationale contre le Cancer, Centre de
2513 lines (2513 sloc) 422 KB o = - Recherche des Cordeliers; Paris, France;  Institut National de la Santé et de la
: 2 <> [ Raw | oame J G - Nicolas Levy2, 7' Aurélien Naldi®,  Céline Hernandez®,  Gautier Stoll*ss7%, f} Denis Thieffry?, Recherche Médicale, U1138; Paris, France; 7 Université Pierre et Marie Curie,
o n Andrei Zinovyev®101.12, Laurence Calzone®0 and E Loic Paulevé!* Paris, France; ® Metabolomics and Cell Biology Platforms, Gustave Roussy
Cancer Campus; Villejuif, France; ° Institut Curie, PSL Research University,
Prediction of Mutations to Control Pathways Enabling LRI UMR 8623, Centre National de la Recherche Scientifique, Université Paris-Sud, Université Paris-Saclay, Orsay, France Paris, France; '° INSERM, U900, Paris, France; ' MINES ParisTech, PSL
. . = s Research University, CBIO-Centre for Computational Biology, Paris, France
Tumour Cell Invasion with the CoLoMoTo Interactive *Ecole Normale Supérieure de Lyon, Lyon, France
Notebook (Tutoria') 3Computational Systems Biology Team, Institut de Biologie de 'Ecole Normale Supérieure, Centre National de la Recherche
Scientifique UMR8197, INSERM U1024, Ecole Normale Supérieure, PSL Université, Paris, France Abstract

Authors: Nicolas Levy'?, Aurélien Naldi®, Céline Hernandez®, Gautier Stoll*®, Denis Thieffry?, Andrei

Zinovyev®, Laurence Galzone®!", Loic Paulevé™ “4Université Paris Descartes, Sorbonne Paris Cité, Paris, France

Boolean and multi-valued logical formalisms are increasingly used to model
complex cellular networks. To ease the development and analysis of logical
models, a series of software tools have been proposed, often with specific

SEquipe 11 Labellisée Ligue Nationale contre le Cancer, Centre de Recherche des Cordeliers, Paris, France
T LRI UMR 8623, Université Paris-Sud, CNRS, Université Paris-Saclay, Orsay, France;

Sinstitut National de la Santé et de la Recherche Médicale, Paris, France
2 Ecole Normale Supérieure de Lyon, France; 3 Computational Systems Biology team,

Institut de Biologie de 'Ecole Normale Supérieurs, CNRS UMR8197, INSERM U1024, TUniversite Plerre et Marie Curie, Paris, France assets. However, combining these tools typically implies a series of

Ecole Normale Supérieurs, PSL Université, Paris, France; ¢ Université Paris 8Metabolomics and Cell Biology Platforms, Gustave Roussy Cancer Campus, Villejuif, France cumbersome software \Installatlon and model S §t995- In this respect,
Descartes/Paris V, Sorbonne Paris Cité, Paris, France; 5 Equipe 11 labellisée Ligue ®Institut Curie, PSL Research University, Paris, France me.COLDMDT? IntgracivelNotebook prov.\desa.jovn! d'.s baton of covere!
Nationale contre le Cancer, Centre de Recherche des Cordeliers; Paris, France; © 10|NSERM U900, Paris, France logical modelling software tools, along with an interactive web Python interface

Institut National de la Santé et de la Recherche Médicale, U1138; Paris, France; 7 easing the chaining of complementary analyses.

SR i N 3 8 h i HMINES ParisTech, PSL Research University, CBIO-Centre for Computational Biology, Paris, France
Université Pierre et Marie Curie, Paris, France; ® Metabolomics and Cell Biology

lZLobachevsky University, Nizhni Novgorod, Russia Our computational workflow combines (1) the importation of a GINsim model
£ i and its display, (2) its format conversion using the Java library BioLQM, (3) the

DOI:10.3389/fphys.2018.00787
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Jupyter Notebook
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What is a Jupyter Notebook

INSTIT

Ok

A special file with the .ipynb extension

A combination of Markdown and code
Code can be executed in the notebook
Code output is integrated directly into the
notebook
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Code cel

Result

B + X

B B » m C » Markdown v

Exploratory Data Analysis

Exploratory Data Analysis (EDA) is an open-ended process where we make plots and calculate statistics in order to explore our data. The purpose is
to to find anomalies, patterns, trends, or relationships. These may be interesting by themselves (for example finding a correlation between two
variables) or they can be used to inform modeling decisions such as which features to use. In short, the goal of EDA is to determine what our data
can tell us! EDA generally starts out with a high-level overview, and then narrows in to specific parts of the dataset once as we find interesting areas

to examine.

To begin the EDA, we will focus on a single variable, the Energy Star Score, because this is the target for our machine learning models. We can

rename the column to score for simplicity and then start exploring this value.

Single Variable Plots

A single variable (called univariate plot shows the distribution of a single variable such as in a histogram.

figsize(s, 8)

# Rename the score

data = data.rename(columns = {'ENERGY STAR Score': 'score'})
# Histogram of the Energy Star Score
plt.style.use('fivethirtyeight')
plt.hist(data['score’].dropna(), bins = 100, edgecolor = 'k');
plt.xlabel('Score'); plt.ylabel('Number of Buildings');
plt.title('Energy Star Score Distribution');

Energy Star Score Distribution
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Markdown cell

12



Markdown

Markdown is a Lightweight markup language

Designed to be :

- easy to write using any generic text editor

(plain-text-formatting syntax)

- easy toread in its raw form

From GitHub’s help page
https://docs.qithub.com/en/get-started/writing-on-github/getting-st
arted-with-writing-and-formatting-on-github/basic-writing-and-form

atting-syntax

([ ] :
<18 =i BIGE.
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Example in markdown

# Heading

## Sub-heading

### Another deeper heading

A [link](http://example.com).

Text attributes _italic_, *italic*,

Bullet list:

* apples
* oranges
* pears

**bo

1d**, “monospace

13


https://docs.github.com/en/get-started/writing-on-github/getting-started-with-writing-and-formatting-on-github/basic-writing-and-formatting-syntax
https://docs.github.com/en/get-started/writing-on-github/getting-started-with-writing-and-formatting-on-github/basic-writing-and-formatting-syntax
https://docs.github.com/en/get-started/writing-on-github/getting-started-with-writing-and-formatting-on-github/basic-writing-and-formatting-syntax

Markdown

But how is this useful for literate
programming?

When you want to weave both code
(to be interpreted) and formatting
information, you precisely need a
lightweight language for the
formatting part.
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P - % - - Addins -

©] 1-example.Rmd =

) Q| g Knit - - ‘a “9Run ~

1% -

title: "Viridis Demo"
output: html_document

library(viridis)

OWoo~NOTWUVHdWN

=
S

- " {r include = FALSE}

The code below demonstrates two color palettes in the

[viridis](https://github.com/sjmgarnier/viridis) package. Each plot

displays a contour map of the Maunga Whau volcano in Auckland, New

Zealand.
12- ## Viridis colors
14- " {r}

15 image(volcano, col =

18 - ## Magma colors

20- " {r}
21 1image(volcano, col =
22 e

3:22 @ Viridis Demo *
Console R Markdown
‘markdown/demos

~/Docu

> render("1l-example.Rmd",

viridis(200))

viridis(200, option = "A"))

output_format = "word_document")

R Markdown |

=

1-example.docx (1 page)

Viridis Demo
The code below demonstrates two color palettes in the viridis package. Each plot displays 2
contour map of the Maunga Whau volcano in Auckland, New Zealand
Viridis colors
image(volcano, col = viridis(200))

1.0

00 02 04 06 08

Magma colors
image(volcano, col = viridis(200, option = "A"))

1.0

00 02 04 06 08

=
1=}

0.2 0.4 0.6 0.8 1.0

14



An history of Jupyter
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An history of Jupyter

How to create and use notebooks ?

You need a Notebook server

| 2001 | 2014 2018 |
—
> o 0
ﬁé&o \Q&Jose eﬁ\){b
3 A @o QQ’&
%O \\}

A complete environment for online data analys
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JupyterLab on the IFB Core cluster

On the IFB Core Cluster, you can launch your own JupyterLab server from the Open
Ondemand portal : https://ondemand.cluster.france-bioinformatique.fr

a I
s ). | OPEN |
¥ DnDemand
. N J
Cluster access IFB cluster
portal

2B =i BIGESt



Launch your JupyterLab server

IFB Core Cluster Apps~ Files ~ Jobs ~ Clusters ~ Interactive Apps ~ @ My Interactive Sessions </>Develop ~ @Help ~ & Logged inas jseiler & Log Out

Use your IFB Core Cluster account to SnDemand

OnDemand provides an integrated, single access point for all of your HPC resources.

CO n n eCt to th e I F B O pe n O n D e m a n d Pinned Apps A featured subset of all available apps

portal { 2 } *

JupyterLab: Core RStudio Server: Core
ystem Installed App System Installed App

powered by

Y -
GE3 DOnDemand OnDemand version: 1303

https://ondemand.cluster.france-bioinformatique.fr
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Launch your JupyterLab server

Start a JupyterLab Core server

Reservation : 2412 fairbioinfo
Number of CPUs : 10
Amount of memory : 10G
Number of hours : 6 hours

Click Launch
and wait of few seconds...

®
<8 eni BIGESt
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IFB Core Cluster Apps~ Files ~ Jobs ~

JupyterLab: Core

This app will launch a JupyterLab server inside a SLURM job.

Reservation

Partition

https://ondemand.cluster.france-bioinformatique.fr
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Launch your JupyterLab server

eoe @ | "D Mylnteractive Sessions - IFBC. X+

< [¢] 08 =

IFB Core Cluster Apps~ Files ~ Jobs ~ Clusters ~ Interactive Apps ~

@ My Interactive Sessions </>Develop ~ @ Help ~

& Logged in as jseiler & Log Out

When your Jupyter app is ready x
Click Connect to Jupyter

Interactive Apps JupyterLab: Core (38728806) @D | @I | Running

Desktops

Host: cpu-node-101
JDesktop: Core

Created at: 2024-04-05 12:40:18 UTC
Servers
= JupyterLab: Core Time Remaining: 11 hours and 59 minutes

Session ID: acbb0421-29f9-464b-8d17-e15130bc6f75

@ Connect to Jupyter

@ RStudio Server: Core

powered by

& OnDemand

OnDemand version: 3.0.3

https://ondemand.cluster.france-bioinformatique.fr

°
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Launch your JupyterLab server

. °
®° »
@ | % My nteractive Sessions - IFBC. X | _ JupyterLab x|+ N
« c 08 d % L a @ =2
Z File Edit View Run Kemel Git Diagram Tabs Settings Help
™ + C & | © Launcher (e £
Welcome to JupyterLab o 8 e :
0 Name - Last Modified
= bin ayear ago
™ boot 5 months ago ﬁ @ P @
= cumfs 2 days ago
™ dev B o Python 3.7 Bash Python 3.9 R4.23
* . etc 2 days ago
= home 4 years ago p—
- ib ayear ago
- lib32 ayear ago
= lib64 ayear ago ﬁ @ P @
- libx32 ayear ago
| media a year ago Python 3.7 Bash Python 3.9 R4.23
= mnt ayear ago
. opt ayear ago
™ proc 2 months ago Other
= rn 6 hours ago
= sbin ayear ago — M
et e s_| = e R H &=
™ snap ayear ago - D.g
Terminal Diagram Text File Markdown File Python File R File CSV File Show
- srv ayear ago Contextual Help
- sys 2 months ago
- tmp seconds ago
- usr ayear ago
™ var & months ago
D swap.img 6 months ago
|
|
|
|
|
Simple 2@Mo® © Launcher |

https://ondemand.cluster.france-bioinformatique.fr
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