R software installation and first steps

In this module you will find the step by step instruction to install the R software
and receive a basic imprinting of R language.
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What is R?

R is a programming language and software environment for statistical computing and
graphics. The R language is widely used among statisticians and data miners for developing
statistical software and data analysis. Polls, surveys of data miners, and studies of scholarly
literature databases show that R's popularity has increased substantially in recent years.[Read
more from Wikipedia...]

R main features are:

object-oriented programming,
provides calculations on matrices,
excellent graphics capabilities,
supported by a large user network.
In this first module, you are going to find information and some help to install the programme, and
you are going to be introduced to R language.

Installing R on Windows/1
This course is centered on the installation of the software on Windows system. However, the
software can be handy installed in every platform, with few differences in the management of the
packages.
Notice that software version indicated in the images below has to be intended as an example since
new version are frequently released.

1. Access the R Project site:
https://cran.r-project.org

2. Choose the proper version for your operating system. Here, the link
"Download R for Windows" is chosen.

Installing R on Windows/2
1. Access the R Project site: https://cran.r-project.org;
2. Choose proper the version for your operating system. Here the link "Download R for
Windows" is chosen;

3. Once opened the new page, choose the link "base" that will direct you
to another page containing the last version of R.

Installing R on Windows/3
1. Access the R Project site: https://cran.r-project.org
2. Choose the proper version for your operating system. Here the link "Download R for
Windows" is chosen.
3. Once opened the new page, choose the link "base" that will direct you to another page with
containing the last version of R;

4. Download the file and start the installation process. At the end of the
installation, an R icon is added to your desktop.

Installing R on Windows/4
1. Access the R Project site: https://cran.r-project.org
2. Choose the version for your operating system. As said before, this course is on the
installation on Windows system. So here the link "Download R for Windows" is chosen.
3. Once opened the new page, choose the link "base" that will direct you to another page with
containing the last version of R;
4. Download the file and start the installation process. At the end of the installation, an R
shape icon is added on your desktop;

5. Double click on the icon on your desktop to open the R Console.

R Console
R consoleis the command line interface of the R engine.
In this mode, R can be used as a very simple calculator: for example type

1+2
and press the Return key.

It is quite simple till now, isn't it?

From now on, you are requested to keep R console opened on your PC and repeat lesson's
examples side by side.

The Kernel of R language (in a nutshell)
Everything in R is an object.
Every
object in R is a member of a class (e.g. character vectors, numeric vectors, data frames,
lists, arrays, functions, etc.)

Every object in R has a type (e.g. single, double, etc.).

Objects:
vector [dim1] --> "dim" stands for "dimension"
matrix [dim1, dim2]
array [dim1, dim2, dim3]
data frame (a better organized matrix)
list (objects of different nature and length in a unique store)
date (special objects for treating dates)
time series
....
Functions:
utilities to transform objects --> e.g. log(x), sort(x)
to analyze objects --> e.g. summary(x), boxplot(x)
to build a statistical model --> e.g. lm(y~x), glm(y~x)

DON’T WORRY IF IT IS NOT CLEAR AT THIS STAGE, PROCEED!

The kernel of R language: Arithmetic expressions

Exercise-basic-commands
Set x=c(2,7).

What does appear in the console if you run is.numeric(x)?

What if you run class(x)?

What if you run str(x) ?

The Kernel of R language: expressions

Exercise-basic-commands2
Set x<-rep(0,times=10). Which object do we have build?

A vector of 10 numbers.

An object of class "numeric".

A NULL object.

The Kernel of R language: assignment
KEEP PRACTICING ON YOUR OWN R CONSOLE!

Object Assignment
You can store values into an object with the assignment
operator <- or = to access it later.
xbecomes a variable and can now be used in expressions in
place of the original value.

Functions
You can call a function by typing its name.
In the example, the function c() combines 3 numeric values
into a vector.
Let's try using the sum() function to add up a few numbers.

Comments
All text after the pound sign # within the same line is
considered a comment.

The kernel of R language: documentation
Help and documentation
There is a large amount of (free) documentation and help available. Some help is automatically
installed.
Typing in the console:
>help(sum)
you will have help about the sum() function.

Typing:
>example(sum)
you will find some examples of how the function can be
used.
Notice how this function works when NA are present in the
data.

Typing:

> ??cumulative

you will obtain an interactive list
of packages::functions that contain the
word cumulative in the description text.

CONSIDER THE USE OF WEB AS A USEFUL OPTION TO FIND HELP, AS
WELL!

The kernel of R language: manipulation
CREATE AND MANIPULATE THE OBJECTS SHOWN IN EXAMPLES IN YOUR CONSOLE.
Vector
A vector is simply a collection of values.
Vector's elements can be numbers, strings, logical values
(TRUE, FALSE), or any other type, as long as they're all
the same type.

Vector indexing
You can retrieve an individual value within a vector by
providing its numeric index in square brackets. Try getting
the third value from vector named “string”.
You can pick multiple values from a vector. Try getting the
first and third elements.

Vector names
You can name vector's elements by using names() function.

The kernel of R language: Sequences

The kernel of R language: visualizing
Plotting vectors

The plot() function draws a chart of vector's values.
>
> plot(num)
You can add a line joining points in the existing plot by using
the lines() function.
>
>lines(num, col="red")
The barplot() function draws a barchart of vector's values.
>
> barplot(num)

The kernel of R language: matrix
Matrix
A matrix is a collection of data elements arranged in a twodimensional rectangular layout. The following is an example
of a matrix with 2 rows and 3 columns.
I recommend you to have a look at in-line help to clarify
what the three arguments of the function represent (TIP:
type ?matrix into console).
Matrix indexing
Getting values from matrices isn't that different from
vectors; you just have to provide two indices instead of one.
You can get an entire row of the matrix by omitting the
column index (but keep the comma). Try retrieving the
second row.

The kernel of R language: data.frame
Data frame
A data frame is used for storing data tables. It is a list of
vectors of equal length. For example, the following
variable df is a data frame containing three vectors n, s, b.

Data frame indexing
You can get individual columns typing the data frame name,
a dollar sign (or double square brackets), and the column
name.

How to extract elements from a data frame object.
Does the indexing of data frame by using the column/row number works?

True

False

The kernel of R language…. and now YOU MOVE!
Think of the monthly distribution of precipitation at your place and populate an object named
“prec” with the 12 values (just guess because we’re going to compare them with the observed
data).

The kernel of R language: script file
Writing commands into a script file
Create and save a script file by means of R editor
Copy and paste the following 4 lines in the created
file:
prec<-c(60,55,90,85,70,20,0,0,25,90,110,70)
names(prec)<-month.abb
plot(prec, type=“h”, main=“Monthly Precipitation in
Rome”)
lines(prec, col=“blue”, lwd=2)

Executing commands from a script file
From “Edit” menu, select and click “Run all”……you
should visualize a new window with the usual plot.

Exercise: knowing basic commands
The history() command.

When running the history() command in the R Console, you get:

When running the tail(prec) command in the R Console, you get:

When running the head(prec) command in the R Console, you get:

R packages
Packages are collections of Rfunctions, data, and compiled code in a well-defined format. The
directory where packages are stored is called the library.
For instance, the function mean() is included in base package and lm() for linear trend model is in
stats package.
Both base and stats are preloaded in the R console since R comes with a standard set of
packages. However, many others are available for download and installation.
Non standard packages have to be loaded into the session after installed in order to be used.

Installing Packages
On MS Windows:
Choose Install Packages from the Packages menu;

Select a CRAN Mirror. (e.g. Italy);

Select a package. (e.g. climdex.pcic; https://cran.r-project.org/web/packages/climdex.pcic/)

When prompted to the following pops-up, tick "Yes" so that a new directory will be created
where this and other personal packages will be stored (it will be useful whenever you will
decide to update R to newer version).

Finally, type in the console library("climdex.pcic") to load it in the engine.

Summary
Is everything all right?
At this point you should be able to:
install packages
build and name vectors, matrix and data frames
extract elements from objects
draw a basic plot
execute commands by launching a source file (.R)
In the next module, you will be introduced to use a more friendly editor (Rstudio), which integrates
to the R engine and you will learn to work on time series.

The end
Welcome to the cruel world of
DATA ANALYSIS AND MANIPULATION

…to be continued
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