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R Notebooks : Sweave (2002)
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Sweave, Part I: Mixing R and IATEX

A short introduction to the Sweave file format and
corresponding R functions

by Friedrich Leisch

This is the first article in a two part mini series on
Sweave (Leisch, 2002), a tool that allows to embed
the R code for complete data analyses in WX doc-
uments. In this issue we will introduce the Sweave
file format and R functions to process it, and demon-
strate how to use Sweave as a reporting tool for lit-
erate statistical practice (Rossini, 2001). The compan-
ionarticle scheduled for the next issue of R News will
concentrate on how to use files in Sweave format to
write primers or manuals for R packages that can be
automatically checked for syntax errors in the code
or inconsistencies between examples and impl
tation.

The traditional way of writing a report as part
of a statistical data analysis project uses two sepa-
rate steps: First, the data are analyzed, and after-
wards the results of the analysis (numbers, graphs,
...) are used as the basis for a written report. In
larger projects the two steps may be repeated alter-
nately, but the basic procedure remains the same. R
supports this in a number of ways: graphs can be
saved as PDF, EPS, or WMF which in turn can be in-
cluded in BTEX or Word documents. ITEX tables can
be created by specifying the columns and row sepa-
rators in write. table () or using the package xtable.
‘The basic paradigm is to write the report around the
results of the analysis.

The purpose of Sweave is to create dynamic re-
ports, which can be updated automatically if data or
analysis change. Instead of inserting a prefabricated
graph or table into the report, the master document
contains the R code necessary to obtain it. When run
through R, all data analysis output (tables, graphs,
...) iscreated on the fly and inserted into a final XX
document. The report can be automatically updated
if data or analysis change, which allows for truly re-
producible research.

A small example

Sweave source files are regular noweb files (Ramsey,
1998) with some additional syntax that allows con-
trol over the final output. Noweb is a simple liter-
ate programming tool which allows to combine pro-
gram source code and the corresponding documen-
tation into a single file. These consist of a sequence
of code and documentation segments, called chunks.
Different command line programs are used to ex-
tract the code (“tangle”) or typeset documentation to-

gether with the code (“weave”).
A small Sweave file is shown in Figure 1, which
contains four code chunks embedded in a simple
ETgX document. “<<...>>=" at the beginning of a
line marks the start of a code chunk, while a ‘0’ at
the beginning of a line marks the start of a documen-
tation chunk. Sweave translates this into a regular
document, which in turn can be compiled by
latex to Figure 2.

The code chunks

The main work of Sweave is done on the code
chunks. All code chunks are evaluated by R in the
order they appear in the document!. Within the dou-
ble angle brackets we can specify options that con-
trol how the code and the corresponding output are
rendered in the final document. The first code chunk
(lines 5-8 in Figure 1) declares that neither the R code
(echo=false) nor output (results=hide) shall be in-
cluded. The purpose of this chunk is to initialize R
by loading packages and data, we want to hide these
technical details from the reader.

Let us skip the text in lines 10-19 for the moment
and go directly to the next code chunk in lines 20-22.
It uses the default settings for all options (nothing is
specified within the double angle brackets): both in-
put and output are shown to the user (see Figure 2),
the chunk is rendered such that it emulates the R
console when the code is typed at the prompt. All
input and output are automatically encapsulated in
verbatim-like environments.

The next code chunk can be found at lines 30-31.
It uses the package xtable to pretty-print the coeffi-
cient matrix of the linear regression model. By speci-
fying results=tex we tell Sweave that the output of
this code chunk is regular TgX code and hence needs
no protection by a verbatim environment.

The last code chunk in lines 36-38 is marked as
a figure chunk (fig=true) such that Sweave creates
EPS and PDF files corresponding to the plot created
by the in the chunk. an
\includegraphics{} statement is inserted into the
ITgX file. Options width and height are passed to
R’s graphics devices and determine the size of the
figure in the EPS and PDF files.

In line 28 we use \SweaveOpts{echo=false} to
modify the default for option echo to the value of
false for all code chunks following, hence the code
for the last two chunks is not shown in Figure 2.
It has exactly the same effect as if we had included
echo=false within the double angle brackets of the
two

"There are ways to suppress evaluation or re-use chunks, which is beyond the scope of this article.

R News

ISSN 1609-3631

&

\documentclass[adpaper]{article}
\begin{document}

<<echo=false,results=hide>>=
library(lattice)
library(xtable)

data(cats, package="MASS")

]

\section*{The Cats Data}

Consider the \texttt{cats} regression example from Venables \& Ripley
(1997) . The data frame contains measurements of heart and body weight
of \Sexpr{nrow(cats)} cats (\Sexpr{sum(cats$Sex=="F")} female,
\Sexpr{sum(cats$Sex=="N")} male).

A linear regression model of heart weight by sex and gender can be
fitted in R using the command

<O>=

1mi = lm(Hwt~Bwt*Sex, data=cats)

1mi

o

Tests for significance of the coefficients are shown in
Table™\ref{tab:coef}, a scatter plot including the regression lines is
shown in Figure~\ref{fig:cats}.

\SweaveOpts{echo=false}

<<results=tex>>=
xtable(lmi, caption="Linear regression model for cats data.", label="tab:coef")
Q

\begin{figure}
\centering
<<fig=true,uwidth=12,height=6>>=
lset(col.whitebg())
print(xyplot (Hwt~Bwt|Sex, data=cats, type=c("p", "r")))
Q
\caption{The cats data from package MASS.}
\label{fig:cats}
\end{figure}

\end{document}

Figure 1: A minimal Sweave file: example.Snw.

At the beginning, there was nothing. Then came Sweave.

Estimate  Std. Error  tvalue  Pr(>[t])

(Intercept) 2.9813 1.8428 1.62  0.1080
Bwt 2.6364 0.7759 3.40  0.0009
SexM  —4.1654 2.0618 —2.02 0.0453
Bwt:SexM 1.6763 0.8373 2.00 0.0472

Table 1: Linear regression model for cats data.

Figure 1: The cats data from package MASS.

The Cats Data

Consider the cats regression example from Venables & Ripley (1997). The data
frame contains measurements of heart and body weight of 144 cats (47 female, 97
male).

A linear regression model of heart weight by sex and gender can be fitted in R using
the command

> 1ml = Im(Hwt ~ Bwt * Sex, data = cats)
> 1ml

Call:
1lm(formula = Hwt ~ Bwt * Sex, data = cats)

Coefficients:
(Intercept) Bwt SexM Bwt : SexM
2.981 2.636 -4.165 1.676

Tests for significance of the coefficients are shown in Table 1, a scatter plot including
the regression lines is shown in Figure 1.

Figure 2: The final document is created by running latex on the intermediate file ‘example.tex’ created by
Sweave("example.Snu").

And people saw that the path would be long...
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Appearance of packages allowing the creation of notebooks | N

Helen Shen, Interactive notebooks: Sharing the code (Nature)
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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://vihui.org/knitr/
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R Notebooks : RMarkdown (2012)

knitr md pandoc

"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 : RMarkdown (2012)

‘ene@ ~/Documents/rmarkdown - gh-pages - RStudio
Ol - £ | [ 4 Go to file/function é v~ Addins ~ & rmarkdown ~

@7 1-example.Rmd x = (7 Environment History Build Git =20

- anc el + o .| =
al 7 Q| @ Knit Z a =¥ Run 2 Files Plots Packages Help Viewer =

Tho] .
2 title: "Viridis Demo"
output: html_document

3
4
5
6- " {r include = FALSE}
7 library(viridis)

g

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} S
15 image(volcano, col = viridis(200))

16

17

18 - ## Magma colors

19

20- """ {r} o
21 image(volcano, col = viridis(200, option = "A"))

22

23

1:1 [#] Viridis Demo * RMarkﬂqu S
Console an

®
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R Notebooks : RMarkdown (2012)

o0 e
Ol - & | [ A Go to file/function 5 - - Addins ~

@7 1-example.Rmd »

&) e Q| & Knit ~ -

L
12 - ## Viridis colors
13
14- " {r}
15 image(volcano, col = viridis(200))
16

o

©

o

©

o

<

(=]

o~

o

[=)

(=]

0.0 0.2 0.4 0.6

17
18 - ## Magma colors
19
20- """ {r}
21 1image(volcano, col = viridis(200, option =
22 ~n

1:1 3 Viridis Demo =

Console

a

"A™)

~[Documents/rmarkdown - gh-pages - RStudio

- Environment  History

Build

Git

& rmarkdown ~

> -
SSpRAN Files Plots Packages

0.8 1.0

R Markdown

20

Help

Viewer

=
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R Notebooks and more...

file below, which is available here & on RStudio Cloud.

Markdown Basics

ece0
Output FOFmatS Ol - 3 - <! Addins = ., ‘,_.“_,. — — B:vlv):c':uments/rmarkdown/uemos/1Ovpresemahon‘mml
©1 10-presentation.Rmd
Vv Q@K - - ‘a #Run ~
Notebooks ) -
2 title: "Viridis Presentation”
3 output:
4 revealjs::revealjs_presentation:
5 theme: league
pashboards B PLASMA COLORS
8- "' "{r include = FALSE}
Websites 9 knitr::opts_chunk$set(echo = FALSE)
10 library(viridis)
11
Interactive Documents 12
13 The [viridis](https://github.com/sjmgarnier/viridis)
package contains four color palettes, revealed in the
Cheatsheets plots that follow.
14
15 >- Viridis
16 >- Magma

17 >- Inferno

18 >- Plasma

19

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

21

22 - ## Viridis colors
23

24- " {r}

25 1image(volcano, col = viridis(200))

ar
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Quarto
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Quarto

Quarto is an open-source scientific and technical publishing
system where authors :

- Can use Jupyter notebooks or with plain text markdown
in your favorite editor.

- Create dynamic content with Python, R, Julia, and
Observable.

- Publish reproducible, production quality articles,
presentations, websites, blogs, and books in HTML, PDF,
MS Word, ePub, and more.

- Share results in a lot of publishing systems like GitHub.
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Quarto
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Examples

o * X\
With R With J t
o [2] . (™ cell-options.ipynb x| +5 } . Pesdes
title: "ggplot2 demo" ggp|ot2 demo B+ XOO» = C » Code . Python 3 fpykemel O Palmer Penguins ode
1 e.‘ ggp (o] el 2 AUTHOR PUBLISHED Show All Code
author: "Norah Jones Norah Jones & Norah Jones March 12, 2023
date: "5/22/2021" Palmer Penguins Hide All Code
format: May 22nd, 2021 — Exploring the Data
html: author: Norah Jones
: format: See Figure 1 for an exploration of bill sizes by species.
) - . . html:
f:_Lg quth. ) Alr Quallty code-tools: true v Code
fig-height: 4 code-fold: true
code-fold: true = Sapurt mat J
: N plotlib.pyplot as plt
o Figure 1 further explores the impact of temperature on ozone level. R retas N e
::’"‘ 9"“;’ .. P‘ o - g = sns.FacetGrid(df, hue="species", height=3, aspect=3.5/2)
» Code il ot masit msiiorakin i g.map(plt.scatter, "bill_length_mm", "bill_depth_mm").add_legend()
## Air Quality
Exploring the Data
.
@fig-airquality further explores the impact of . See @fig-bill-sizes for an exploration of bill sizes by species. 20
temperature on ozone level. E
. 50 #] label: fig-bill-sizes 118 . i
- #| fig-cap: Bill Sizes by Species £ mooey
i} . A J import matplotlib.pyplot as plt g. i ¢ » ::Il‘;o
. 0! pal .
#| label: fig-airqualit o :.:o:::.s::ce:rc‘r::(:cf hue="species”, height=3, aspect=3.5/1.5) - e Chinstrap
£1 s ET Y 4 T s g.map(plt.scatter, "bill_length_ma", “bill_depth_mn").add_legend() &
#| fig-cap: "Temperature and ozone level.
| fig ) P P S <seaborn.axisgrid.FacetGrid at 0x2946720e0>
#| warning: false 50
50 bill_length_mm
. 20
library(ggplot2) £ Figure 1: Bill Sizes by Species
£ -
L4 Adele
ggplot(airquality, aes(Temp, Ozone)) + o ‘%u e (oo
geom_point() + | o Cunstrap
L 7 20 L 14
geom_smooth(method = "loess" Teosp:
) ) S - L
Figure 1: Temperature and ozone level. e

%/IFB elir BiGESt 15
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Really simple?

Rmarkdown

quarto render code/supplementary_material.Rmd --to html
quarto render code/supplementary_material.Rmd --to docx

Jupyter

quarto render code/supplementary_material.ipynb --to html
quarto render code/supplementary_material.ipynb --to docx

®
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Quarto and more...

Developt it Indicators by Continent Gapminder Analytics Group
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1960 1980 2000
year
La Palma Earthquakes
s - o ronurs
‘Steve Purves54® Curvenote @ Msword
Rowan Cockett ® Curvenote @ POF (agu)
B MechBundle
oD
February 25,2024
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InSeptember sy
published by the Instituto Geographico Nacional (IGN).
xevwoRos
LaPalma, Earthquakes
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Figure : Timeline of ecent earthquakeson La Polma
d on data up to and including 1971, eruptions on L 9.
1 as Marrero tal 2019),
;onein K
pt in turn feed: crustal -20km depth).

Eight eruptions have been recorded since the late 1400s (Figure 1).

Data and methods are discussed in Section 2.

p Then,

Py = W

where Ais the rate of eruptions per year. Using Equation 1, the probability of an eruption in the next ¢
years can be calculated.

R for Data Science
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Welcome

This is the website for the 2nd edition of “R for Data
Science”. This book will teach you how to do data science

OREILLY

R for Data
Science

Import. Tidy, Transform, Visualize,
and Model Data

»

e

%,
with R: You'll learn how to get your data into R, get itinto the
most useful structure, transform it and visualize.

In this book, you will find a practicum of skills for data

science. Just as a chemist learns how to clean test tubes and
stock a lab, you’ll learn how to clean data and draw plots—
and many other things besides. These are the skills that
allow data science to happen, and here you will find the best
practices for doing each of these things with R. You’ll learn
how to use the grammar of graphics, literate programming,
and reproducible research to save time. You'll also learn how
to manage cognitive resources to facilitate discoveries when

Hadley Wickham,
Mine Cetinkaya-Rundel
& Garrett Grolemund

wrangling, visualizing, and exploring data.

This website is and will always be free, licensed under the CC BY-NC-ND 3.0 License. If you'd like a
physical copy of the book, you can order it on Amazon. If you appreciate reading the book for free
and would like to give back, please make a donation to Kakapo Recovery: the kakapo (which
appears on the cover of R4DS) is a critically endangered parrot native to New Zealand; there are
only 248 left.

If you speak another language, you might be interested in the freely available translations of the 1st
edition:

® Spanish
o ltalian
® Turkish

You can find suggested answers to exercises in the book at https://mine-cetinkaya-
rundel.github.io/r4ds-solutions.

Please note that R4DS uses a Contributor Code of Conduct. By contributing to this book, you agree
to abide by its terms.

Acknowledgements

R4DS is hosted by https://www.netlify.com as part of their support of open source software and
communities.
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Comparaison

Method

Rmarkdown

IDE

Code mixing

Format

Output

Reproductibility

JupyterHub, JupyterLab

Limited

ipynb

Asciidoc, HTML, LaTeX, MD,
PDF, RST, Slide (Reveal)

Easy

®
<ire e BIGESt
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R, Rstudio

Yes

Rmd

HTML, PDF, Docx, ODT, RTF, MD, Slides
(Powerpoint, Reveal,...), Dashboard, ...

Easy

VS Code, Jupyter, Rstudio, Neovim, TextEditor

Yes

Qmd, Rmd, ipynb

HTML, PDF, Docx, ODT, Epub, RTF, MD, Slides
(Powerpoint, Reveal,...), Wiki (MediaWiki, ...), Book, and
more !

Yes (if done from the start)
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What is it?

O Observable Framework

Observable is an online platform that
enables users to create, execute, and
share interactive notebooks. These
notebooks on Observable are based on
JavaScript and allow users to combine
code, visualizations, and text within a
single interactive document.

218 =i BIGESt
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Analyzing web logs

Web logs capture traffic metadata, such as the request time and route, how long the
server took to respond, the response size, and so on. Analyzing web logs sheds light
on both server performance and client behavior. Yet the common practice of
summary statistics (e.g., 95th-percentile latency) often hides interesting patterns!
This is because performance varies wildly based on the nature of the request, and

unusual clients such as bots can easily hide in a sea of “natural” traffic.

What if — instead of summarizing — we plotted every request as a dot with time
along x— and latency (on a log scale) along y1?

Response latency, color by route
1 Duration (ms)

26 27 28 29 30 31 1 2
Jan Feb

The plot above shows a sample of 7,633,176 requests to Observable servers over a 7-
day period. Color encodes the associated route. Hover to see the route.

https://observablehg.com/framework/examples/api/

21
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How it works ?
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Official documentation

Observable Framework «|

Q Search #K

What is Framework?
Getting started
Project structure
Markdown
JavaScript
Reactivity
Imports

Data loaders
Files

sQL

Themes

Configuration

Deploying
Inputs >
Libraries >

Contributing
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O Observable Framework

What is Framework?

Observable Framework — or “Framework” for short — is an open-source static-site
generator for data apps. By data app we mean an application that is primarily a
display of data. Data apps help you derive insights (to understand) and evaluate
potential decisions (to take action).

2

A data app might be a set of coordinated interactive visualizations for “self-service”
analysis, perhaps to explore a computational model or to investigate activity;

Taxi rides in New York City -

... or it might be a live dashboard that places current events in the context of recent
or historical trends;

«i5r BIGESt
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& quarto

Guide

Authoring
Computations
Tools
Documents
Presentations
Dashboards
Websites
Books
Manuscripts
Interactivity
Overview
Observable JS
Introduction
Libraries
Data Sources
0JS Cells
Shiny Reactives
Code Reuse
Examples
Shiny
Widgets
Component Layout
Publishing
Projects
Advanced

Overview

Via quarto

Get Started Guide Extensions Reference Gallery Blog Help ~

. o On this page
Guide > Interactivity > Observable JS
Overview
Observable JS Bample
Libraries
Overview Data Sources
0JS Cells

Quarto includes native support for Observable JS, a set of enhancements to vanilla JavaScript created by Leaming More

Mike Bostock (also the author of D3). Observable JS is distinguished by its reactive runtime, which is
especially well suited for interactive data exploration and analysis.

©) Edit this page
Reportan issue

The creators of Observable JS (Observable, Inc.) run a hosted service at https://observablehg.com/ where
you can create and publish notebooks. Additionally, you can use Observable JS (“0JS”) in standalone
documents and websites via its core libraries. Quarto uses these libraries along with a compiler that s run
at render time to enable the use of 0JS within Quarto documents.

0JS works in any Quarto document (plain markdown as well as Jupyter and Knitr documents). Just include
your codeinan {ojs} executable code block. The rest of this article explains the basics of using 0JS with
Quarto.

Example

We’ll start with a simple example based on Allison Horst’s Palmer Penguins dataset. Here we look at how
penguin body mass varies across both sex and species (use the provided inputs to filter the dataset by bill
length and island):

Bill length (min): =0

Islands: Torgersen Biscoe O Dream
 Frequency sex
female male
154
104
Adelie
s
9 iEm n g
15
| Il
Tol | ]
A al

yOBR Q
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