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What is it for ?

Cahier de laboratoire

Laboratory notebook ‘

The laboratory notebook allows :

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

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

e to keep knowledge in a lab

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




What is it for ?

A legal tool :

e FEach notebook and the pages are numbered.

e Onthe cover page, we find on each notebook
the mentions of the owner of the results.

e FEach page has two parts at the bottom
intended to be dated and signed: two
signatures = two people, user and third party

(witness),
o 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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Who is it for ?

For all those who carry out research work :

® researchers,
® engineers,
e technicians,
' °
Cahier de laborataire doctoral students,
ié ;m?::!l‘a ory noteboo . trainees,
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Electronic Laboratory Notebooks (ELN)

Modern LN since 2009 (C.U.R.I.LE. 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.



Electronic Laboratory Notebook
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Electronic Laboratory Notebook
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This session

e |Introduction to Laboratory Notebooks
e Literate programming
e Markdown

e Notebooks for bioinformatics

o R Notebooks (Rmarkdown)

o Jupyter(Lab)

e Practical session (JupyterLab)
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Literate programming




Literate programming

What is literate programming ?

“ Let us change our traditional attitude to the construction of programs:

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

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

"Literate programming is a programming paradigm introduced by Donald Knuth in
which a computer program is given an explanation of its logic in a natural language,
such as English, interspersed with snippets of macros and traditional source code,
from which compilable source code can be generated.” Donald Knuth, 1984.

Wikipedia, 18/08/2020

https://en.wikipedia.org/wiki/Literate_programming#Workflow
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Literate programming

eve
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: B+ x 0B Vv > B C Coke 4+ Cell Toolbar: | None $
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= Jupyter weicometoP Exploring the Lorenz System
== =T — — c-] In this Notebook we explore the Lorenz system of differential equations:
= X=o0(y-x)
8 + xaB + v > 3 mpr=ye g
] Z=~fr+xy
| This is one of the classic systems in non-linear differential equations. It exhibits a range of
- t e r 1 as the (0, B, p) are varied, including what are known as chaotic
-«Jupy solutions. The system was originally as a simplified model for
atmospheric convection in 1963.
Welcome to the In (7]: interact(Lorenz, N=fixed(10), angle=(0.,360.),
o=(0.0,50.0),Pf=(0.,5), p=(0.0,50.0))
This Notebook Server wat
angle 308.2
WARNING !'J max_time H12
Don't rely on this
| o 10
Your server is hosted that B 26
— p 28
Run some Python (

To run the code below:

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

A full tutorial for using the

: imatplotlib inline




Literate programming

Interactive programming interface
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ZJupyter Lorenz Differential Equations mowmes
File Ex
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‘atmospheric convection n 1963,
In [7]: interact(Lorenz, N=f
Welcome to the
0
This Notebook Server wat

WARNING
Don't rely on this seny

e Explanations
e “ | e Code
® Results
e Graphs and plots
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Literate programming

Why using literate programming frameworks ?

Use cases:
e Labbook
e Day to day analyses
e Analysis reports
e Writing scientific article
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Example of an article entirely written using a notebook
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Abstract

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
assets. However, combining these tools typically implies a series of
cumbersome software installation and model conversion steps. In this respect,
the CoLoMoTo Interactive Notebook provides a joint distribution of several
logical modeling software tools, along with an interactive web Python interface
easing the chaining of complementary analyses.

our workflow combines (1) a GINsim model
and its display, (2) its format conversion using the Java library BioL.QM, (3) the
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Markup / Markdown




Markup

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

Three different types and usage :

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

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

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

o Emphasizes the document structure.
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Markdown

Markdown is a Lightweight markup language.

Designed to be:

® casy to write using any generic text editor (plain-text-formatting syntax)
® ceasy toreadinits raw form

21



Markdown

You've probably seen it already on Wikipedia, GitHub (README)...

# Heading

## Sub-heading

### Another deeper heading

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

Bullet list:

* apples
* oranges
* pears

Text attributes _italic_, *italic*, **bold**, “monospace’.

From GitHub’s help page
https://docs.qgithub.com/en/get-started/writing-on-githu
b/getting-started-with-writing-and-formatting-on-github
[basic-writing-and-formatting-syntax
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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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Notebooks for bioinformatics




Notebooks for bioinformatics

R Notebooks Jupyter(Lab)




R Notebooks : Sweave (2002)

At the beginning, there was nothing.

Then came Sweave.

Leisch, Friedrich (2002). "Sweave, Part |: Mixing R and LaTeX: A short
introduction to the Sweave file format and corresponding R functions”

And people saw that the path would be long...

26



R Notebooks : knitR (2011)

"The knitr package was designed to be a transparent engine for dynamic report
generation with R, solve some long-standing problems in Sweave, and combine
features in other add-on packages into one package”

https://yihui.org/knitr/

27



R Notebooks : RMarkdown (2012)

-~ - ,
knitr md pandoc e

"When you run render, R Markdown feeds the .Rmd file to knitr, which executes all
of the code chunks and creates a new markdown (.md) document which includes
the code and its output.

The markdown file generated by knitR is then processed by pandoc which is
responsible for creating the finished format.”

https://rmarkdown.rstudio.com
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https://rmarkdown.rstudio.com

R Notebooks

(LK) ~/Doc - gh-pages - RStudio
Q-2 &) | [ A Go o file/function 5 - [ - Addins - & rmarkdown ~
@1 1-example.Rmd * - Environment  History Build  Git @Dl
Gl 7 a F Q [kt - @ - B ¢ O [Eprun- | = BT piots | Packages | Help | Viewer —_
2 title: "Viridis Demo"
3 output: html_document
A~~~
5
6- """ {r include = FALSE} S
7 library(viridis)
g o
9
10 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.
11
12 - ## Viridis colors
13
14- " {r} o
15 image(volcano, col = viridis(200))
6
17
18 - ## Magma colors
19
20- """ {r} z»
21 1image(volcano, col = viridis(200, option = "A"))
22
23
1:1 @ Viridis Demo R Markdown *
Console a0|

29
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R Notebooks

‘a0 e ~/Documents/rmarkdown - gh-pages - RStudio
9 - . & | A cot function 5 -~ Addins ~ & rmarkdown ~
@7 1-example.Rmd * = (7 = Environment History Build Git a0
Sl 7 Q| Mkt - @~ | v SPRun"> Files Plots Packages Help Viewer =5
12 - ## Viridis colors
13
14- {r} =
15 1image(volcano, col = viridis(200))
16
<
@
o
©
o
<
o
o~
o
o
o
0.0 0.2 0.4 0.6 0.8 1.0
17
18 - ## Magma colors
19
207 =i} s
21 1image(volcano, col = viridis(200, option = "A"))
2
1:1 | @ Viridis Demo * R Markdown
Console a0

30
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R Notebooks and more...

Markdown Basics

Output Formats

Notebooks

Dashboards

Websites

Interactive Documents

Cheatsheets

file below, which 1s available here & on RStudio Cloud.

ece
Qlv -~ 3 - ~  Addins -
@1 10-presentation.Rmd
Qe kit - . ‘a #Run ~
1- ---
2 title: "Viridis Presentation”
3 output:
4 revealjs::revealjs_presentation:
5 theme: league
6 ---
7
8- " "{r include = FALSE}
9 knitr::opts_chunk$set(echo = FALSE)
10 library(viridis)
11
12
13 The [viridis](https://github.com/sjmgarnier/viridis)

package contains four color palettes, revealed in the
plots that follow.

>- Viridis
>- Magma
>- Inferno
>- Plasma

Each plot displays a contour map of the Maunga Whau
volcano in Auckland, New Zealand.

- ## Viridis colors

ey

image(volcano, col = viridis(200))

~IDi

Open in Browser

PLASMA COLORS

html
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Jupyter

e A bit of history...

e 2011 : IPython (interactive Python shell) with notebook functionalities

e 2014 : Spin-off project called Project Jupyter a non-profit, open-source project
maintained by a strong Community

o "Jupyter will always be 100% open-source software, free for all to use and released under the
liberal terms of the modified BSD license”

A reference to the three core programming languages supported by Jupyter (Julia, Python and
R)

(@)

https://jupyter.org/
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Jupyter

What is it exactly ?
Web-based interactive computational environment.

e Web-based : client/server
® Interactive : notebook system
e Computational environment : console, many kernels available...
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Jupyter : Notebook editor

an ' © o I olsiom

Z Jupyter welcome to Python wnsaved changes) A
File Edit View Insert Cell Kernel Help Menubar | Python3 O
+ s @ B 4 ¥ M B C | Markdown + @  CelToolbar Toolbar Cell Mode Indicator | Kernel Indicator

= Jupyter @ rackspace

Welcome to the Temporary Notebook (tmpnb) service!

This Notebook Server was launched just for you. It's a temporary way for you to try out a recent development version of the IPython/Jupyter notebook.

WARNING

Don't rely on this server for anything you want to last - your server will be deleted after 10 minutes of inactivity.

Your server is hosted thanks to Rackspace, on their on-demand bare metal servers, OnMetal.

Cell In Command Mode
Run some Python code!

To run the code below:

1. Click on the cell to select it.
2. Press SHIFT+ENTER on your keyboard or press the play button ( B ) in the toolbar above.

A full tutorial for using the notebook interface is available here.

In [ ]: %matplotlib inline
import pandas as pd
import numpy as np 34
import matnlotlib



Jupyter : Dashboard (Project Jupyter only)

000 < >

o QDlOle

localhost

E

‘ =

= Jupyter

Files Running Clusters

Select items to perform actions on them.

O

- #® File Tree
[ data
3 dev
& Exploratory Data Analytics.ipynb

& Lights Out.ipynb

0O/0O|O0O|0|0

& Welcome to Python.ipyno  Running Notebook

Upload New~ £

Running
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JupyterLab : Dashboard

'i:' File Edit View Run Kernel Tabs Settings Help

I Filter files by name Q ‘

./ IE Notebook
.— Name - Last Modified

B courses a day ago .

8 labbook a day ago " . ‘ @
* B meetings a day ago

Python 3 Julia 1.7.2 R
[ Dockerfile 6 days ago (ipykernel)
[ Untitled.ip... 6 days ago

Console
2 & @R
o0

Python 3 Julia1.7.2 R
(ipykernel)

Other

= M o a
—
- —
— v o0 &
Terminal Text File Markdown File Julia File Python File

R File Show
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