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1 The R prompt

When you start an R session, a terminal will open, where you can type commands. The
line where commands are to be typed starts with a “>” symbol. This character is called the
“prompt” (when R displays it, it means it is expecting you to type a command):

herve@garonne: ~
Fichier Edition Affichage Rechercher Terminal Aide
herve@garonne:~$ R

R version 3.1.1 (2014-07-10) -- "Sock it to Me"
Copyright (C) 2014 The R Foundation for Statistical Computing
Platform: 1686-pc-linux-gnu (32-bit)

R est un logiciel libre liwvré sans AUCUME GARANTIE.
Vous pouvez le redistribuer sous certaines conditions.
Tapez 'license()' ou 'licence()' pour plus de détails.

R est un projet collaboratif avec de nombreux contributeurs.
Tapez 'contributors()' pour plus d'information et
"citation()' pour la fagon de le citer dans les publications.

Tapez 'demo()' pour des démonstrations, 'help()' pour 1'aide
en ligne ou 'help.start()' pour obtenir 1'aide au format HTML.
Tapez 'q()' pour quitter R.

=

Figure 1: The R prompt.

You can then type a command, e.g., a simple calculation like “24+2” and press Enter:

herve@garonne: ~
Fichier Edition Affichage Rechercher Terminal Aide
herve@garonne:~5$ R

R version 3.1.1 (2014-07-18) -- "Sock it to Me"
Copyright (C) 2014 The R Foundation for Statistical Computing
Platform: i686-pc-linux-gnu (32-bit)

R est un logiciel libre livré sans AUCUNE GARANTIE.
Vous pouvez le redistribuer sous certaines conditions.
Tapez 'license()' ou 'licence()' pour plus de détails.

R est un projet collaboratif avec de nombreux contributeurs.
Tapez 'contributors()' pour plus d'information et
'citation()' pour la fagon de le citer dans les publications.

Tapez 'demo()' pour des démonstrations, 'help()' pour 1'aide
en ligne ou 'help.start()' pour obtenir 1'aide au format HTML.
Tapez 'q()' pour quitter R.

> 242
[1] 4
=

Figure 2: Entering a command. The result of the command is displayed in a line that does
not start with the “>” character.

The result of the command (“4”) is displayed on a line that does not start with the “>”
prompt. Instead, that line starts with “[1]”: we will see why in section .
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R contains many mathematical functions, as well as some built-in constants (like the number
7). Figure |3 shows some examples of functions readily usable in R.

herve@garonne: ~
Fichier Edition Affichage Rechercher Terminal Aide

Tapez 'contributors()' pour plus d'information et
"citation()' pour la facon de le citer dans les publications.

Tapez 'demo()' pour des démonstrations, 'help()' pour 1'aide
en ligne ou 'help.start()' pour obtenir 1'aide au format HTML.
Tapez 'q()' pour quitter R.

> 242

[1] 4

> exp(3)

[1] 20.08554
> log(28)
[1] 3.332205
> sqrt(9)
[1] 3

> 2A5

[1] 32

> (1+3/2)*4-cos(2)
[1] 10.41615
> pi

[1] 3.141593

=

Figure 3: Mathematical function usage. Here I calculated €2, the natural logarithm of 28,
the square root of 9, 2 to the power 5, (1+ %) x 4 — cosine(2), and I displayed the (approximate)
value of .

You can also define variables: they will be represented by letters (or Wordﬂ). You may use
either the “=" or the “<-” symbols to attribute a value to a variable. Once the variable is
defined, type its name and press Enter: its value will be displayed:

herve@garonne: ~

Figure 4: Working with variables. I defined a variable (named “x”) and gave it the value:
3. Then I displayed its value, and I used that variable in a simple calculation: = + 5.

Once you are done and you want to exit R, you type:
qO)
(“q” is for “quit”, and the parentheses show that R considers “q” as a function; it is a very
special function, with no argument, so the parentheses are empty, unlike “cos(2)” in figure ,
where the argument, 2, was given to the function “cos”). Then you press Enter, you will be
asked whether R should save the values you have been working on (if you type “y”, these values
will be automatically restored at your next R session), then the R terminal closes.

IThere are a few constraints on the names you can give to variables: they may not start with a digit, and

they may not contain mathematical operators (like “+7, “-” etc.): such variable names would be ambiguous to
R.
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2 Types of variables

You can define and manipulate several types of objects in R: figure [4] showed how to define and
use a scalar variable (a “scalar” is a number). You can also define “vectors” of numbers: these
are ordered lists of values:

herve@garonne: ~
Fichier Edition Affichage Rechercher Terminal Aide
> a=c(23,5,pi,-4,4/5)
a

1] 23.000000 5.000000 3.141593 -4.000000 0.800000
a[2]
1] 5

=

Figure 5: Vectors. The first line defines a vector (named “a”) using the command “c()”
(elements in the vector are separated by commas). I then displayed the content of “a”, then I
displayed the second element of “a”.

You can refer to a given element of a vector using square brackets: in figure , “a[2]” means:
“the second element of vector a”.

It is important not to confuse the two types of brackets: parentheses “(” and )” are used
to pass an argument to a function; square brackets “[” and “|” are used to extract an element
in a vector.

If the vector contains many elements, displaying its content will span on several lines in the
terminal:

herve@garonne: ~

Fichier Edition Affichage Rechercher Terminal Aide
> b=c(3.5,2.3,4,3,5,43,7,-12,43,25,-90,-2,11,24,53,-12,2~5,34,2,3,12,-0.2,-5,sqrt(5),-23)
> b
[1] 3.500000 2.300000 4.000000 3.000000 5.000000 43.000000
[7] 7.000000 -12.000000 43.000000 25.000000 -90.000000 -2.000000
[13] 11.000000 24.000000 53.000000 -12.000000 32.000000 34.000000
[19] 2.000000 3.000000 12.000000 -0.200000 -5.000000 2.236068
[25] -23.000000

>

Figure 6: Displaying long vectors. When the vector is very long, its elements span on several
lines. Each line starts with the rank of the first displayed elements, between square brackets.

Each line here starts with a number between square brackets: that’s the rank of the first
displayed element in the vector (e.g., 3.5 is the first element in the vector, 7 is the 7th element,
11 is the 13th element, etc.). This is the reason why the line displaying the value of variable x
(see figure {]) started with “[1]”: that’s because a scalar variable is in fact a vector with a single
element... and when it is displayed, R shows the rank of that variable in its single-element
vector, which is “1”.

You can also use multi-dimensional vectors (in other words: tables). They can be defined
with command “array”:
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(F=1

Fichier Edition Affichage Rechercher Terminal Aide
c=c(26,14,-12,pi,34,49)

26.000000

14.000000 -12.000000 3.141593

array(c,dim=c(3,2))

[,2]
26 3.141593
14 34.000000
-12 49.000000

Figure 7: Defining a bi-dimensional vector.
dimensional vector into a multi-dimensional one.

34.000000

o' herve@garonne: ~

49.000000

The command “array” converts a uni-
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Then you can refer to a specific element of a bi-dimensional array using square brackets and

comimas:

herve@garonne: ~
Fichier Edition Affichage Rechercher Terminal Aide
> d[1,2]
[1] 3.141593
> d[1,]
[1] 26.080000 3.141593
> d[,2]
[1] 3.141593 34.000000 49.000000

Figure 8: Extracting elements, or vectors, from a multi-dimensional vector. The value
“d[1,2]” is the element on the first row, second column of table “d”; vector “d[1,]” is the first
row, and vector “d[,2]” is the second column, of d.

It is also possible to define vectors of higher dimension (tridimensional, quadridimensional,

etc.), though parsing their display on a terminal gets a bit tricky.
Of note: vectors do not have to be numbers. It is possible to define a vector of character

strings for example:

herve@garonne: ~

"Albert" "Jean-Claude" "Patrick" "Michele" "Dédée"
"Rosemonde”

Figure 9: A vector of character strings.

Many other types of variables can exist in R; in particular, “lists” and “data.frames”. These
are tables whose columns do not all have to have the same nature (there can be columns of
numbers, columns of character strings, etc.; this is impossible with arrays: all the columns in

an array have to have the same type).

3 Loading data from an external file

Instead of entering values by hand in R, you can also load data from a text file. The input file
may be in the “.csv” format (N.B.: Excel can save files in the CSV format), or in a tabulation-
delimited, or space-delimited format (you can also ask Excel to save file as tabulation- or space-
delimited files under the “.txt” format). It is also possible to load “xls” files, but for that you
need to install a specific R package (see section |5| for a description of package installation).
Let’s assume you have a “.csv” file containing data that you want to import in R, and that

file is name 'my_data.csv’:
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my_data.csv - LibreOFffice Calc

Edition Affichage [nsertion Format
4 | Arial vl[10 [+ »
Al v fe X = §
| s 8| ¢ | D [
1 [Sample Value
2 |control replicate 1 | 0.982
3 |control replicate 2 1.23
4 |control replicate 3 0.75
5 |control replicate 4 0.94
6 |control replicate 5 1.53
7 |siRNA replicate 1 1.67
8 |siRNA replicate 2 2.08
9 |SiRNA replicate 3 1.32
10 [siRMNA replicate 4 1.78
12 v
s Feuille1 /45 7 I [T ) |
Rechercher « O »
Feuille 1 /1 | Par défaut STD

Figure 10: An example data file (to be saved in the “.csv” format).
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As long as the file is in the current directory (i.e.: the folder where R has been launched),
it will be loadable using the “read.csv” function:

herve@garonne: ~/tex/Misc/Unix_tutorials/R_tutorial
Fichier Edition Affichage Rechercher Terminal Aide
read.csv('my_data.csv',header=TRUE)
Sample Value
control replicate 1 0.982
control replicate .230
control replicate .750
control replicate .940
control replicate .530
siRNA replicate .670
siRNA replicate .080
siRNA replicate .320
siRNA replicate . 780

W

oW

7ol
30
40
51
11
22
31
41

(=] =)

7

Figure 11: Loading data from an external “.csv” file in R.

The function “read.csv” takes one mandatory argument: the name of the “.csv” file. You
can add optional arguments (“header” specifies whether the first line contains column names,
or whether these are already data).

Just like for every other function in R, you can always get some help by typing:
?read.csv()
(it will display a manual for the usage of that function, as well as some details on available
options, and examples of usage). You can quit that help page by typing:
q
(like “quit”).

Instead of simply displaying the content of the file in the terminal, you can also save it in
a variable. By default, that variable will be a “data.frame” (see section : in this example,
it is an object that contains a column of character string (column “Sample”) and a column
of scalars (column “Value”). You can extract columns from a data.frame using the “$” sign,
followed by the column title:

herve@garonne: ~/tex/Misc/Unix_tutorials/R_Eutorial

Fichier Edition Affichage Rechercher Terminal Aide
data=read.csv('my_data.csv',header=TRUE)
dataSSample

[1] control replicate 1 control replicate 2 control replicate 3

[4] control replicate 4 control replicate 5 siRNA replicate 1

[7] siRNA replicate 2 siRNA replicate 3 s1RNA replicate 4

9 Levels: control replicate 1 control replicate 2 ... siRNA replicate 4

> dataSValue

[1] ©.982 1.230 ©.750 0.940 1.530 1.670 2.080 1.320 1.780

=

Figure 12: Extracting data from a data.frame.

Of note: each of the extracted column is a vector. In this example, “data$Sample” is a
vector of character strings. When R displays vectors of character strings, it lists the values
spanned by the vector (see the line starting by “9 Levels:” in figure .
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4 Conditional selection

You can apply filters on vectors, either based on the index of the element in a vector, or based

on their mathematical properties:

(== herve@garonne: ~/tex/Misc/Unix_tutorials/R_tutorial
Fichier Edition Affichage Rechercher Terminal Aide

> datasSValue

[1] ©.982 1.230 0.750 0.940 1.530 1.670 2.080 1.320 1.780

= dataSValue[3]

[1] ©.75

= data$value[3:5]

[1] ©.75 ©.94 1.53

> dataSValue[c(3:5,7)]

[1] ©.75 ©.94 1.53 2.08

>

Figure 13: Selecting vector elements using their index.

We saw (in section [2)) that a[2] is the second element of a vector named a. R uses the “:”
symbol to indicate a range of values (“3:5” means: all the integer values between 3 and 5, in an
increasing order; “5:3” means: all the integer values between 5 and 3, in a decreasing order).
So data$Value[3:5] means: “The 3rd, 4th and 5th element of vector data$Value”.

The last line of this example uses a more complex pattern: c(3:5,7) is a vector containing
all the integer values between 3 and 5, then value 7 (so that vector is: 3, 4, 5, 7).

You may also select values in a vector by their mathematical properties:

:"T' == herve@garonne: ~/tex/Misc/Unix_tutorials/R_Eutorial
Fichier Edition Affichage Rechercher Terminal Aide

> dataSValue
[1] ©.982 1.230 0.750 0.940 1.530 1.670 2.080 1.320 1.780

= data$Value[datasvalue=1]

[1] 1.23 1.53 1.67 2.08 1.32 1.78

> dataSValue[datasValue>1 & data$Value<1.5]
[1] 1.23 1.32

>

Figure 14: Selecting vector elements using their mathematical properties.

Filters are also written between square brackets (e.g., data$Value>1 will select all the values
strictly larger than 1), and they can be combined (data$Value>1 & data$Value<1.5 selects
values between 1 and 1.5). Here, the “&” character means “AND”, and the “—” character
means “OR”. You can add parenteses to group conditions:

(a>1 & a<1.5) | (a<0 & a>-1.5)
(that filter would select values for which a falls between 1 and 1.5 or between 0 and -1.5).

You can also select values from one vector, based on a filter applied to another vector:
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(=r=eEn herve@garonne: ~/tex/Misc/Unix_tutorials/R_Eutorial
Fichier Edition Affichage Rechercher Terminal Aide
> dataSSample[dataSValue=1.2]

[1] control replicate 2 control replicate 5 siRNA replicate 1
[4] siRNA replicate 2 siRNA replicate 3 siRNA replicate 4
9 Levels: control replicate 1 control replicate 2 ... siRNA replicate 4

>

Figure 15: Selecting vector elements using information from another vector

Here, we selected the sample names (from vector data$Sample) based on a filter on the
values in vector data$Value.

Such filtering scheme will make it very easy to select biological data for further processing
(e.g., selecting the fold-change of genes whose p-value is lower than a cutoff; selecting the
sequence of small RNAs whose abundance exceeds a cutoff; etc.).

5 Adding more functions to R with additional packages

Some functions are not included in the basic R installation (for example, Levene’s test, which
we will use to test for the homogeneity of variances): they are provided by additional packages,
that can be installed (a given package just needs to be installed once per computer: you won'’t
have to re-install it every time you will use a function from that package).

For this, your computer has to be connected to the Internet. Most R packages are available
from a central repository called “CRAN” (the comprehensive R archive network; http://cran.
r-project.org/), which has mirror sites on every continent.

(Er=eEn herve@garonne: ~/tex/Misc/Unix_tutorials/R_Eutorial
Fichier Edition Affichage Rechercher Terminal Aide
> install.packages('car')

Installing package into ‘/home/herve/R/i686-pc-linux-gnu-library/3.1°
(as ‘lib’ is unspecified)
- SVP sélectionner un miroir CRAN pour cette session ---

Figure 16: Installing a package. Here examplified with package 'car’.

Note that the package name has to be given between quotes (so it is not interpreted as
a variable name). A list of CRAN mirror sites will show up (one of them is at the IGH, in
Montpellier: it is always better to choose the closest server, geographically, to speed up data
transfer). Once you chose a mirror site and clicked “OK”, the download will start (it should

take a few seconds).
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