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What is this?

Cahier de laboratoire

Laboratory notebook
. %
Unité de recherche: [ ——

Numéro :

Research Unity

Prénom et nom du ou des utilisateur(s): Signature(s):
Flrst name and inst name of the user(s): Signature(s):

|
| —

Date de début: | Date de fin: [ . B
Start dater Ene date: S —

Cahier de laboratoire
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What is it for ?
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Cahier de laboratoire

Laboratory notebook
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The laboratory notebook allows :

- day-to-day recording of the details of the
work

- to report on the progress and scientific
experimentation, from the idea to the
conclusion

- to keep knowledge in a lab

Also very useful for drafting a patent or for
proving anteriority.



What is it for ?

. E A legal tool :

- Each notebook and the pages are numbered.
- On the cover page, we find on each notebook
| the mentions of the owner of the results.
| - Each page has two parts at the bottom
intended to be dated and signed: two
signatures = two people, user and third party

(witness),
- ideally a third party not involved in the research

work but capable of understanding it

https://www.curie.asso.fr/-Cahier-de-laboratoire-national-.html
| https://slideplayer.fr/slide/3817405/
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https://www.curie.asso.fr/-Cahier-de-laboratoire-national-.html
https://slideplayer.fr/slide/3817405/

What is it for ?

For all those who carry out research work :
- researchers,

— R — - engineers,
| g . 2o (- - technicians,

doctoral students,

- trainees,
Cahier de laboratoire - etc.

Laboratory notebook

née:

An

& |

Numéro :

Unité de recherche:

Cahier de laboratoire
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And you ?

Année :

Are yOu USing i ? " LCibamt;ntimeyrmcgbewlaboratoire

Numéro @
Number:

Numéro

Unité de recherche:
Research Unit

Prénom et nom du ou des util Signature(s) :
Fiest name and last neme of the veer(s)i signature(s)

Date de fin:
Ene date

Cahier de laboratoire
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Electronic Laboratory Notebooks (ELN)

Modern LN since 2009 (C.U.R.l.E. Network)
But less and less adapted to recent evolutions of our work

- Increased data quantity

- Change in the nature of data
- Dematerialization

- Security

We need an electronic tool for individual traceability.
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Electronic Laboratory Notebook

EX

MINISTERE

g;%}?i&é::::::; m) gl;\cl:-g-nce LA SCIENCE OUVERTE NOS ACTIONS RESSOURCES ACTUALITES QUI SOMMES NOUS ? FR /CD

Le rapport du groupe de travail « Cahier de

Rapport du . laboratoire électronique » (ELN) présente une
Groupe de travail
sur les Cahiers de vision partagée sur la définition, le cadrage, les
Laboratoire

; . usages et le périmétre fonctionnel de I'ELN, qui
électroniques

doit pouvoir s'intégrer dans les environnements
informatiques et institutionnels existants. Il

Ouvrir eémet un ensemble de recommandations sur les
2021 ) la science!

criteres de choix d'un outil et intégre une liste

comparative d'outils existants.
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Electronic Laboratory Notebook

I Calendrier du projet

2

( 1

Note de synthése

« Caractéristiques
techniques souhaitées

* Inventaire des
solutions existantes
sur le marché

Janvier 2021

Mise en ceuvre de
la stratégie
adoptée

* Mise en ceuvre de la

procédure d’achat
(licences, etc.)

 Cahier des charges de
la solution 3 :
développer Mars-Juillet

2021

https://jso-cnrs-2020.sciencesconf.orqa/333438/document
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Mise a disposition
de ou des solutions
sélectionnées

* Outils déployés sous
licences CNRS

» Solution électronique
développée en interne

Janvier 2022
—Juin 2023

Cahier de laboratoire électronique 17.11.20

PRY0


https://jso-cnrs-2020.sciencesconf.org/333438/document

This session

- Introduction to Laboratory Notebooks J
- Literate programming
- Markdown

- Notebooks for bioinformatics
- R Notebooks (Rmarkdown)
- Quarto
- Jupyter(Lab)

- Practical session (JupyterLab)
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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

@ e G8n Coniret Selection Teal dows -a
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Wolfram Mathematica notebook (1987)
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Literate programming

ece
— Jupyter Lorenz Differential Equations wssws (ol

File Edit View Insert Cell Kemel Help Python3 O

B+ QB 4 v > B C Code ¥  Cell Toolbar: = None

"o
Zjupyter weicome t;: Exploring the Lorenz System

In this Notebook we explore the Lorenz system of differential equations:
File Edit View Insert Call

x=a(y-x)

y=px—=y=-2xz

t==fr+xy
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
~ Jupyter

solutions. The system was originally developed as a simplified mathematical model for
atmospheric convection in 1963,

B + xa B ++ >

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

What does it look like ? T = o

WARNING max_time { | 12
Don't rely on this sen
o 10
Your server is hosted that B 26
| p 28
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

In [ ]: imatplotlib inline

import pandas as pd
import numpy as np
import matplotlib

g_)":B elixir BiGESt 15
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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

< IFB E”M BIGEst
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Interactive programming
interface

allowing to combine both
natural and computer
languages.

In one file:

Explanations
Code

Results

Graphs and plots

16



Literate programming

Why using literate programming frameworks ?

Use cases:

- Labbook

- Day to day analyses

- Analysis reports

- Writing scientific article

B e BIGESst
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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.irontie 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 . - -
R S ) e Prediction of Mutations to Control Pathways
<> Code () Issues 8 1) Pull requests ») Actions :) Security Insights - ~ _
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 o to file e updates. Authors: Nicolas Levy"2, Aurélien Naldi®, Géline Hernandez®, Gautier Stoll**8, Denis Thieffry,
invasion.ipynb Andrei Zinovyev®!", Laurence Calzone®'", Loic Paulevé™”
: 4 o - o i H H H - 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 Ecole 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*s57%, 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 Pierre et Marie Curie, Paris, France assets. However, combining these tools typically mplies 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? IntgrecivoiNotebook prov.\desa.jovn! d'.s bation of soveres
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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Towards the end of scientific articles?

ic analysis of elongated skulls
e female-biased immigration
y Medieval Bavaria

Krishna R. Veeramah®, Andreas nm’“ Mel-nle GroB“", Lucy van Dorp®, Saioa Lopez®, Karola Kirunow chrkﬁ-n Sell’
Jens Blocher’, Daniel Wegmann®¥, Vivian Link"?, Zuzar Hofmanova'™, Joris Peters®”, Bernd Tra

Anja Gairhos!, Jochen Nab«moh‘ Bernd Piffgen®, Garrett Hellenthal®, Brigitte Haas-Gebhard!, Mkhala nanmk""
and Joachim Burger<**

{Department of cclogy and Eupkuion; Stony Brook Universy, Stany Brook, NY 11754 5245, State Collection for Anthropology snd Palsecanatomy.

Bavarian Natural History Collections, 80333 Munich, Germany; ‘Palaeogenet oup, Institute of Organismic and Molecular Mwnn. Johannes

Gu Universty Mo, 55093 Mains Gormany: SUCL Cenatics iautute, Deparmnt of Ganetics, lution and Emiroment. U Cnlm'

London, WCTE 68T London, United Kingdom; “Cancer institute, University Coilege London, WC1E 60D London, United Kingdom; R of B

Univecsty of Frbourg, 1700 Fibourg, Swizerland; Swis Insitute of Bioinformatics, 1700 Fribours, Switzerland:  ArchasosloCenter and inthute ot
natomy, Domesticaion Research and the Hisory of Veterinary Medkine, Ludwig Maximilan Universy, 80539 Munich, Germany Bavarian State

Matuoblka Golletion, 80538 Mhrich, Germany; Bavarian State Department of Monuments and Skes, 80539 Viorich, Germany: ond Ansitute of

Edited by Eske Willerslev, University of Copenhagen, Copenhagen, Denmark, and approved January 30, 2018 (received for review November 21, 2017)

Modern European genetic structure demonstrates strong corre- 1o form in the Sth century AD, and that it emanated from a com-
lations with geography, while genetic analysis of prehistoric bination of the romanized local population of the border province
humans has indicated at least two major waves of immigration  of the former Roman Empire and immigrants from north of the
from outside the continent during periods of cultural change.  Danube (2). While the Baiuvarii are less well known than some

genome data that could shed light uﬂu:t Wmnnnmwlhmnh
on the dumg-q:hk processes occurring during the artificially

periods have Therefore, we rated e ds dugued*nlh a)

from 41 mostly to the | Amfm: cranial ddmnnn (ACD), which is only possible
AD from present-day Bavaria lnmnh-msmnmy including  during carly childhood, s a deliberate and permanent shaping of
1 depth 5.56x). In developed the head pclfonnad with great effort. In some societies p-
ummmmmﬂlm;mmawd! ing the skull has been seen as an ideal of beauty, while it

e ony B Shat Wk ssoaraty o | significance RS

THE SCIENTIFIC PAPER IS
OBSOLETE

Here’s what’s next.

By James Somers

APRIL 5, 2018 SHARE (T,  SAVE []

inventions of modernity. Before it was developed in the 1600s, results

T HE SCIENTIFIC paper—the actual form of it—was one of the enabling We need to be ca reful
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Markup

Definition
A markup language uses tags to define elements within a document.

Three different types and usage

- Presentational (used by traditional word-processing systems)
Markup is invisible

- Procedural, provides instructions to process the text (e.g. TeX, PostScript)
Markup is visible and can be directly manipulated by the author.

- Descriptive, to label documents parts (e.g. LaTeX, HTML, XML...)

Emphasizes the document structure.

® -
<18 BIGE.
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Example

Example in HTML

<h1>Heading</h1>
<h2>Sub-heading</h2>
<a href="www.webpage.com">Link</a>
<ul>
<li>List-iteml</1li>
<li>List-item2</1i>
<li>List-item3</1li>
</ul>

Heading

Sub-heading
Link

e List-item1
e List-item2

e List-item3

[
<Ir8_ e BIGESt
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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.
RANCA BIOINFORMATIQUE FRANCE L

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

23


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.

< IFB E’M BIGEst

INSTITUT FRANCAIS DE ' BIOINFORMATIQUE

P - % v - Addins -

©] 1-example.Rmd =

) Q| g Knit - - ‘a “SRun ~

1% -

title: "Viridis Demo"
output: html_document

library(viridis)

Woo~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

24
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Best practices

open science

Notebooks et science ouverte : FAIR mieux
Mariannig Le Béchec, Célya Gruson-Daniel, Clémence Lascombes, Emilien
Schultz

» To cite this version:

Mariannig Le Béchec, Célya Gruson-Daniel, Clémence Lascombes, Emilien Schultz. Notebooks et
science ouverte : FAIR mieux. 2024. hal-04485968

HAL Id: hal-04485968
https://hal.science/hal-04485968
Preprint submitted on 1 Mar 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépét et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établi ts d’ i t et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires

abroad, or from public or private research centers. publics ou privés.
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Catégorie générale
Rendre votre analyse
tracable et reproductible

Ecrire un code de qualité
(i.e. un code qui peut étre
facilement partagé et
réutilisé)

Exploiter le paradigme de
la programmation lettrée

Garder votre carnet clair
et concis

Faire la différence entre
les artefacts produits
pendant le développement
et la production

Adopter une diffusion
ouverte

Bonnes pratiques

Utiliser un gestionnaire de révision
Gérer les dépendances du projet

Fournir  des  applications  sans
dépendances tierces

Placer les imports au début du fichier
Assurer le bon fonctionnement du code
en complet et pas uniquement la partie
modifiée

Structurer votre code en modules
(abstraire le code en fonctions et les
placer dans un module dédié ; placer les
dépendances au début du carnet)

Tester votre code

Nommer vos carnets de maniére
cohérente

Respecter les standards

Utilisez les chemins relatifs

Définir les requirements

Documenter votre code pour vous et les
autres

Utiliser les titres Markdown pour
structurer votre carnet

Garder votre carnet clair

Garder votre carnet concis

Faire la différence entre les artefacts
produits pendant le développement et la
production

Mettre a disposition votre carnet
Mettre a disposition vos données

26



Limites

3
o

i
[N ’«/ /

|
-]
N7

27

®
I8 BIGESt
INSTITUT FRANCAIS DE ' BIOINFORMATIQUE FRANCE



Limites

In this article, the authors highlight several limitations:
Reproducibility

Lack of documentation

Lack of consistency in cell execution
Version tracking

The quality of the code is often low

Interface dependent
Limited for large data sets

° 0
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