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The R Project

Environment for statistical computing and graphics:

@ Free software and Open-source;

A simple programming language:

> it is an open-source implementation of S language;
> it is among the Top 10 Programming Languages in 2019 for
IEEE Spectrum Journal.

software and packages can be downloaded from:

www.cran.r-project.org

Versions of R exist of Windows, MacOS, Linux and various
other Unix-like OS.
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Why to use R language

@ Implement many common statistical procedures;

Provide excellent graphics functionality;
@ A convenient starting point for many data analysis projects

o Libraries (namely packages) can be automatically
downloaded from:

www.cran.r-project.org

@ It is standard for data mining and statistical analysis;

Efficient data structures make programming easier.
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Download and Install R language
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Download and Tnstall R
Precompiled binary distributions of the base system and contributed packagss, Windows and
Mac users most likely want one of thase versions of R:

« Downlead R for Linux
* Download R for iMac] OSX

« Download R for Windows

R is part of many Linux distributions, you should check with your Linux package management
system in addition to the link above,

Source Code for all Platfoms

Windovws and Mac users most likely want to download the precompiled binaries listed in the upper
box, not the source code. The sourcss have to be compiled befors you can use them. If you do not
know what this means, you probably do not want to do it}

+ The latest releass (2013-09-25, Frisbes Sailing) R-3.0.2.tar.gz read what's new in the latest
vereion.

« Sources of B alpha and beta releases (daily snapshots. created only in time periods befors a
planned release).

« Dally snapshots of current patched and development versions are available here. Please read
about new features and bug fxes befors fling correspending Teature requests or bug
reports.

 Source code of clder versions of R is available here.

http://cran.mirror.garr.it/mirrors/CRAN/

Download the appropriate version (w.r.t. your OS) and follow the instructions to

install the programme.
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R under GUI

beccuti: A - onsols Yo
Settings_Hielp

Fle Edt_View Bookmarks

R version 2.3.0 (2008-10-20
Copyrian: (€) 2008 The R Founcatien for Stavistical Computing
138N 3-800051-07-0

 is foee sofuuare cnd cones vich MISOLUTILY 10 VARRAITI.
ou $n conditions.

B ie o oslishorasive projest wich meny seucribucors
sonceibucora()! for mere nfommation ans
cicacion() on how to cite R or T packages in publicacions.

L] beccuti: R

from Linux

from Windows
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R under GUI using Rstudio

RStudio allows the user to run R in a more user friendly environment.

It is open-source and available at http://www.rstudio.com/

[®) RStudio PO
File Edit Code View Plots Session Build Debug Tools Help
Q- - » - Addins - & Project: (None) +
Console 5 Environment History =0
€ _#Import Dataset~ y st @
R version 3.2.0 (2015-04-16) -- "Full of Ingredients® — ‘Hb | t
Copyright (C) 2015 The R Foundation for Statistical Computing @ Global Environment -
Platform: x86_64-redhat-linux-gnu (64-bit) Data
m int [1:4, 1:5] 12345678910... J
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions. P .
Type 'license()' or 'licence()' for distribution details. ik Workspate tab shows a|| the active ob]ects
Natural language support but running in an English locale 2. History tab shows a list of commands recently used
R is a collaborative project with many contributors. fy y
Type *contributors()® for more information and
‘citation()' on how to cite R or R packages in publications. Files Plots Packages Help Viewer =0
Type 'demo()' for some demos, *help()' for on-line help, or Q) New Folder | @ | Delete (5] Rename | {G¥ More -
*help.start()' for an HTM browser interface to help. £ Home eps
Type 'q()" to quit R. = Name Sze Modfied
> m = matrix(1:20,ncol=5) i
- } Clientserver.eps 39K8  Dec16, 2013, 5:24 PM
} ProbNetonlySecurityeps 9.6K8  Apr29, 2014, 6:02PM

! 1, Files tab shows all the files and folders in your workspace.
Console is where you can type commands and see output L ———

3. Packages tab will list a series of packages or add

4. Help tab can be used for additional info
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http://www.rstudio.com/

Starting R

R can be started:

by double-clicking on the R icon (e.g. Window);

by double-clicking on the Rstudio icon (e.g. Window + Rstudio);
by typing R in a shell (e.g. Linux).

by typing rstudio in a shell (e.g. Linux + Rstudio).

How R works:

@ R creates its objects in memory and saves them in a file called .RData (by
default);

@ Commands are recorded in an .Rhistory file, Command can be recalled using
up- and down-arrow;

Recalled commands may be edited;
Commands may be abandoned by pressing <Esc>;
To end your session type q() or just kill the window.

A concept of working directory is introduced: each project is associated with
a working folder containing each data.
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Interactive R

@ R defaults to an interactive

. = beccuti: R - Konsole P @@
mode; = :
File Edit wview Bookmarks Settings Help

A prompt ">" is presented to
users;

Each input command is
evaluated and a result returned;

Commands

» consist of expressions or
assignments;

> are separated by a semi-colon ]
(;) or by a newline - 5

> can be grouped together [T beccuti : R
using curly brackets({ and }) '

T



RStudio prompt and script

R tud
File Edit Code Wiew Plots Session Build Debug Profile Tools Help
IR == = Addins ~
@] Untitled7* % | §] Untitleds* % (7 Untitled8 % = @] seript. R % =0
=] &1 @ [Jseurceonsave  Q /-l ]| - =#Run | %3  [#Source -| =
1
11 (Top Level) + R Script +
Console =0
Type 'demo()' for some demos, 'help()' for on

-line help, or
‘help.start()"
to help.

Type 'q()' to
[Workspace loa

>

M. Beccuti
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quit R.

ded from ~/.RDatal]
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& Project: (None) +

Environment  History =0
< [J  _#Import Dataset - | & ust- | @
) Global Environment -

Environment is empty
Files Plots Packages Help Viewer =0
axMala @

R: Solver for Ordinary Differential Equations (ODE) +

Isode {deSolve} R Documentation

Solver for Ordinary
Differential Equations (ODE)

Description
Solves the initial value problem for stiff or nonstiff

systems of ordinary differential equations (ODE) in the

dyfdt = flt.y)

The R function Lsode provides an interface to the
FORTRAN QDE solver of the same name, written by Alan
C. Hindmarsh and Andrew H. Sherman

It commbines parts of the code 1sodar and can thus find
Rt SR S S et A
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RStudio prompt and script

@ R script can be used to save R commands into a file;

e Commands into R script can be executed line by line (clicking on Run) or
globally (clicking on Source).

-

» R Y
le Edt Code View Plots Session Buld Debug Profile Tools Help
Y- - Addins < & Project: (None) ~

] ]

RScript  Ctrl+ShIt+N bs « | o3 untileds x | 01 seript Rt (| Environment History =0

=
R Notebook az-al- g‘ = || @ @ | @meortoataset - | st | @

% Global Enviranment -

R Markdown.
Shiny Web App.
Text File

Cos Flle Environment is empty

B

R Sweave
O RHTML

R Presentation
©) R Documentation

*

Files Plots Packages Help Viewer =&

R Solver for Ordinary Differential Equations (ODE) - |

Isode {desolve} R Documentation |
1 fonueeds ==l Solver for Ordinary
Sl =" Differential Equations (ODE)
Type 'demo()' for some demos, 'help()' for on  Description
-line help, or Solves the nital value problen for stiff or nonstif
‘help.start()' for an HTML browser interface gystems of odinary dereial equatons (0D inthe
to help. dye = fity)

Type 'q()' to quit R.

The R function Lsods provides an interface to the
[Workspace loaded from ~/.RDatal FORTRAN ODE solver of the same name, written by Alan
C-Hindmarsh and Andrew H, Sherman.

> combing parepfthe sode seder apdcep e nd
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RStudio prompt and script

@ Commands can be directly typed into the R script console.

L R d
Ele Edt Code View plots Session Buld Debug Profle Tools Help
9. =- B = - Addins - & Project: (None) +
@ Untiled7é % ©]Untitledst % @ Untitledsr | @] scriptRr s | Environment  History e
5 & B OSourceonSave | Q <l £l - [#Run | 8% [#Source | = | £ [ | (#import Dataset~ | ste | @
1 4%2 7 Global Environment «
Environment is empty
Files Plots Packages Help Viewer L
el RiSa @
R: Salver for Ordinary Differential Equations (ODE) «
Isode {desolve} R Documentation
(Top Level) cript < .
2 Toes ==l Solver for Ordinary
Consele -/ - =1 Differential Equations (ODE)
-line help, or
'help.start()' for an HTML browser interface Description
to help. Solves tha il valusprobler for stff o nonstff
. . . systems of ordinary differential equations (ODE) in the
Type 'q()' to quit R. form i g
dyide = flty)

[Workspace loaded from ~/.RData]

The R function Lsode provides an interface to the
> 4%2 FORTRAN ODE solver of the same name, written by Alan
. Hindmarsh and Andrew H. Sherman

[1] 8
>
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R as a calculator

Simple Arithmetic
>3+4
[1]7

Operator precedence
>2+3x%5
[1]17

Exponentiation
>3"5
[1]243

Basic mathematical functions
> exp(4)
[1]54.59815
> sqrt(4)
[1]2

Predefined constant
> pi
[1]3.141593
> Inf
[1]Inf
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Assignments in R

It is often required to store intermediate results so that they do not need to be
re-typed over and over again. To assign a value of 324 to the variable X type:
> X < =324

or

> X =324

Variable X can be used in next expressions:

Example
> X >X=X+X;X
[1]324 [1]648
> X+ X > X/4
[1]648 [1]162
> sqrt(X) > X" sqrt(X)
[1]18 [1]1.54814e + 45
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Variable name in R

R is a case-sensitive language, hence x and X do not refer to the same variable.

Variable name:

@ can be created using letters, digits and the . (dot) symbol;

> datal.address
> dl_A4.f

@ must not start with a digit or a . followed by a digit.

@ some names are reserved by the system: if, while, NULL, TRUE ...
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Variable type in R

Basic variable types are:

Numeric: integer, floating point values;
Boolean: values corresponding to True or False;
Strings: sequences of characters.

Type is determined automatically when variable is created with < — or = operator.

Data structures/Objects are: R provides types of different object.

Vector: a collection of elements (numbers, logical values and character
strings) with same type;

Array: a generalization of a vector;

List: collections of objects of any type;
e.g. list of vectors, list of matrices, etc.

Data Frame an array in which the type of each element can be different;

Factor takes on a limited number of values;
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Variable in R

During an R session, objects are created and stored by name;

The command Is() displays all currently-stored objects (workspace);

Objects can be removed using rm( variable_name);

All the objects in the workspace are removed using rm(list=Is()).

Observe

At the end of each R session, you are prompted to save your workspace. If you
click Yes, all objects are written to the .RData file. When R is re-started, it
reloads the workspace from this file and the command history stored in .Rhistory
is also reloaded.
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Variable in RStudio

[OXOXY
Edit Code View Plots Session Build Debug Tools Help

Qe @~ » [+ Addins + & Project (None)
Tyx .~ Environment IIMI =0
&) 7 FRiter Q @8/ rd Lste (&
v v2 v3 va vs % Global Environment + Q
1 1 3 s 7 9 Data
2 2 4 s 8 10 y int [1:2, 1:5) 12345678910
-———
x num [1:10] 1234567809 10
| Files Plots Packages Help Viewer
Q) New Folder ' @ | Delete [ Rename  {G More +
4 Home
a Name Size Modified
W Abstact ITA.docx 12.7 kB r:y 30, 2016, 140
Showing 1 to 2 of 2 entries .
] abstractBit2016.tex 11k8 Apr 3, 2016, 4:44 PM 1
Console =0| [0 & Aticoli
Natural language support but running in an English locale & O & aticolsw
Ris a collaborative project with many contributors. O O3 boza 6738 May 30, 2016, 12:18
Type ‘contributors()* for more information o
‘citation()' on how to cite R or R packages in publications. 1) BozaEIPRIN.odt 34.4K8  Jans, 2016, 5:27 PM
] bozzaimpact.doc 16 k8 jan 14, 2016, 9:43 PM
Type 'demo()* for some demos, 'help()* for on-line help, or == o !
*help.start()* for an HTML browser interface to help. * 13 bozaimpact.odt 35.6K8  Jan 14, 2016, 9:41 PM
Type 'q()' to quit R. O & c++
> x = ¢(1,2,3,4,5,6,7,8,9,10) ™) capitolo07.pdf 388.8KB Jan 14, 2016, 5:53 PM
>y = matrix(1:10,ncol=5) ) capitolo07.ps 1.7MB  Jan 14, 2016, 5:53 PM
> Viewly) .
> ' ! 1 citazioni.ods 173k 419 20061009 ]

M. Beccuti

ROGRAMMING FOR D,

SCIENCE



Getting help in R

R provides a built-in help facility.

@ To get more information on any specific function, e.g. sqrt(), the command
is:
help(sqrt)
or
7sqrt

@ help on features specified by special characters must enclose in single or
double quotes (e.g. "[[") help("[[")

@ Help is also available in HTML format by running help.start()

@ For more information use
?help

M. Beccuti PROGRAMMING FOR DATA SCIENCE September 2021 18/22



Getting help in Rstudio

Yoy

Qv
Fle Edt Code View glm Session Build Debug Tools Help
Ol - - Addins +

Console /trmp.

R version 3.2.0 (2015-04-16) -- *Full of Ingredients*
Copyright (C) 2015 The R Foundation for Statistical Computing
Platform: x86_64-redhat-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()* or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.
Type ‘contributors()' for more information and
‘c1tation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, ‘help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> m = matrix(1:20,ncol=5)
>

& Project: (None) +

=0

<% [ _#Import Dataset+ uste @&

) Global Environment +

Data
m int [1:4, 1:51 12345678910 ... a

Environment  History

Files Plots Packages Help Viewer
e a

R: List Objects ~ i v 1

Is {base} R Documentation |

List Objects

Description

1s and objects return a vector of character strings aningt the names of the objects in
ecified environment. When invoked with no argument at the top level prompt, 1s
jata sets and functions a us defined. When invoked with no

argumer a function, 1s returns the names of the function's local \nnlblu this
is useful in conjunction with browser.

Usage

1s(name, pos = -1L, envir = as.environment(pos),
all.names ALSE, pattern, sorted = TRUE)
nvironment (po-) .

, sorted = TRUE)
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Working directory
Working directory in R:

e Working directory contains data and R scripts. It is a directory of the
file-system;

o getwd() returns the current Working directory;

o setwd("new_path") sets Working directory;

Working directory in RStudio:

RStudio
File Edt Code View Plots Project Build Tools Help
-  —
Ol &~ & [~ Interrupt R
Restart R
2 HousePets.R x 2] MyRscrip” _IBx 2] GraphsR x
[7] Source on Save Terminate R... #Run 59
1
2 library(car) # & Set Working Directory  » To Source File Location
3 Tlibrary(rgl) # 8 ;
A y(rgl] Load Workspace... To Files Pane Location
2 # scatterplot per Save Workspace As... Choose Directory... |  Ctrl+Shift+K
7 scatterplotiprest Clear Workspace... Iols-u\Lsg. span-0.75, data-prés
8
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Packages in R

@ R provides libraries of packages. Packages contain various functions and data
sets for numerous purposes;

@ Some packages are part of the basic installation. Others can be downloaded
from CRAN:
> install.packages(*ggplot2")

@ To use functions and data sets of a package, it must be loaded into the
workspace:
> library(ggplot2)

@ To check what packages are currently loaded into the workspace:
> search()

@ A loaded package can be removed:
> detach(" package: ggplot2")

Observe:

if you terminated your session and start a new session with the saved workspace, you must load
the packages again.

M. Beccuti PROGRAMMING FOR DATA SCIENCE September 2021 21/22




Packages in Rstudio

7] RCurl General network (HTTP/FTP/...) client interface for R 195-41 -
] resha Flexibly reshape data: a reboot of the reshape package. 122 Before
B

rpart Recursive Partitioning 411

Mursell colows s3tem 04
Linesr and Nonlinesr Mised Effects Mocels 31109
Fred-for Install Packages

=q ——r e We focus on Package tab(bottom-right)
Colordrg Packages (eparate muliple wih space or Commal: 5

Genersty |9 2 |pu
b

Fleiblyt | rgl —
Fecaniy | RoE o Files BR300 library [Defaut) =] F
Took 24 e
Scaletur Wlnstall depencencies
Funcher

Regresz 3= Cance

Statistical Functions using 34 Classes

Mobnd mario b b i shios

mEAN

[ RCud General network (HTTP/FTP/...) client interface for R 195-41

[[] reshape2 Flexbly reshape data: a reboot of the reshape package. 122
After [ gl 3D visualization device system (OpenGL) 093952

[ et Recursive Partitioning 411 12
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