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What Is R?

R is a language and environment for statistical computing and
graphics.

R provides a wide variety of statistical (linear and nonlinear
modelling, classical statistical tests, time-series analysis, classification,
clustering, …) and graphical techniques, and is highly extensible.

The S language is often the vehicle of choice for research in
statistical methodology, and R provides an Open Source route to
participation in that activity.



How We Can Install R?



















How R Works?



Assignments

R, like other computer languages, has symbolic variables, that is
names that can be used to present values. To assign the value 2 to the
variable x,

>x<-2

The two characters <- should be read as a single symbol: an arrow
pointing to the variable to which value is assigned. This is know as the
assignment operator.



An Overgrown Calculator

One of the simplest possible tasks in R is to enter an arithmetic
expression and receive a result. (The second line is the answer from the
machine.)



For instance; here is how to compute 𝑒−2 :

The (1) in front of the results is part of R’s way to printing numbers and
vectors.

The number in the brackets is the index of the first number on that line.





Let’s consider the case of generating 15 random numbers from a
normal distribution:

Here , for example the (7) indicates that 0.28085088  is the 
seventh element in the vector.



Here there is no immediately visible results, but from now on, x
has the value 2 and can be used in subsequent arithmetic expressions.



PACKAGES IN R

The following table lists the standard packages which are
distributed with a base installation of R. Some of them are loaded in
memory when R starts; this can be displayed with the function search:







How We Can Install Package?





• help(package="ISwR")



Attach And Detach

The notation for accessing variables in data frames gets rather 
heavy if we repeatedly have to  write longish commands like

Fortunately, we can make R look for objects among the variables 
in a given data frame, for example thuesen. We can write





Type Of Objects Representing Data



VECTORS

The function vector, which has two arguments mode and length,
creates a vector which elements have a value depending on the mode
specified as argument: 0 if numeric, FALSE if logical, or "" if character.

The following functions have exactly the same effect and have for
single argument the length of the vector: numeric(), logical(), and
character().



A data vector is simply an array of numbers, and a vector variable
can be constructed like this:

The construct c(……) is used to define vectors.



Suppose that we also have the heights that correspond to the
weights above. The body mass index (BMI) is defined for each person
as the weight in kg divided by the square of the height in meters. This
calculated as follows:



A Character vector is a vector of text strings, whose elements are
specified and printed in quotes:

• >c<-(“Huey”, “Dewey”, “Louie”)

• (1) “Huey”, “Dewey”, “Louie”



Logical vectors can take a value TRUE or FALSE (or NA; see 
below).

Logical vectors are constructed using the c function just like the 
other vector types:

• >c(T,T,F,T)

• (1) TRUE TRUE FALSE TRUE

• (TALK HERE ABOUT MISSING VALUES)



Functions That Create Vectors 

Here we introduce three functions c, seq, and rep, which are 
used to create vectors in various situations.

The first of these, c, has already been introduced.



The second function, seq (“sequence”), is used for equidistant 
series of numbers.



The third function, rep (“replicate”), is used to generate repeated
values. It is used in two variants, depending on whether the second
argument is a vector or a single number:



Matrices

A matrix is actually a vector with an additional attribute (dim)
which is itself a numeric vector with length 2, and defines the
numbers of rows and columns of the matrix.

A matrix can be created with the function matrix:

matrix(data = NA, nrow = 1, ncol = 1, byrow = FALSE,
dimnames = NULL)



Matrices are used for many purposes in theorical and practical
statistics.

Matrices and also higher-dimensional arrays do get used for
simpler purposes as well, mainly to hold tables, so an elementary
description is in order. Matrices an arrays are represented as vectors
with dimensions:



Notice how the byrow=T switch causes the matrix to be filled in a 
rowwise fashion rather than columnwise.  



Useful functions that operate on matrices include rownames, 
colnames and the transposition function t, which turns rows into 
columns, and vice versa.





We can see “glue” vectors together, columnwise or rowwise,
using the cbind and rbind functions.



For matrices and data frames, colnames and rownames are labels
of the columns and rows, respectively. They can be accessed either with
their respective functions, or with dimnames which returns a list with
both vectors.



FACTOR

A factor includes not only the values of the corresponding
categorical variable, but also the different possible levels of that
variable (even if they are not present in the data). The function factor
creates a factor with the following options:

>factor(x, levels = sort(unique(x), na.last = TRUE), labels = levels, 
exclude = NA, ordered = is.ordered(x)) 



levels specifies the possible levels of the factor (by default the
unique values of the vector x), labels defines the names of the levels,
exclude the values of x to exclude from the levels, and ordered is a
logical argument specifying whether the levels of the factor are ordered.

Recall that x is of mode numeric or character.





The terminology is that a factor has a set levels-say four levels for
concreteness.

The first command creates a numerical vector pain, encoding the
pain level of five patients.



The effect of the final line is that the level names are changed to
the four specified character strings. The result should be apparent from
the following:



DATA FRAME

A data frame corresponds to what other statistical packages call a
“datamatrix” or a “data set”.

It is a list of vectors and/or factors of the same length, which are related
“across”, such data in the same position come from the same
experimental unit (subject, animal, etc.). In addition , it has a unique set
of row names.



To create data frames from preexisting variables:



As with lists, variables are accessible using the $ notation:



Indexing 

If we need a particular element in a vector, for instance the
premenstrual energy intake for woman no.5, we can do

It is also worth noting that to get a sequence of elements, for 
instance, the first five, we can use the a:b notation:



Conditional Selection



Indexing Of Data Frames
It is also possible to use a notation that uses the matrix–like

structure directly:





Subset 
A couple of functions exist to make things a little easier. They are

used as follows(data is used to fetch a built-in data set):



Grouped Data And Data Frames
The natural way of storing grouped data in a data frame is to

have the data themselves in one vector and parallel to that to have a
factor telling which data are from which group.





PROBABILITY AND DISTRIBUTIONS

The concepts of randomness and probability are central to
statistics. It is an empirical fact that most experiments and investigations
are not perfectly reproducible.

In this section we outline the basic ideas of probability and the
functions that R has for random sampling and handling of theoretical
distributions.



Population, the totality of all subjects possessing certain
common characteristics that are being studied.

Sample; a subgroup or subset of the population.

A sample obtained without bias or showing preferences in
selecting items of the population is called a random sample.



Random Sampling

In R we can simulate these situations with the sample function.

If we want to pick five numbers at random from the set 1:40, then
we can write



What is a Distribution? 
Reminder of Basic Definitions

A discrete random variable is a numerical quantity that takes
values with some randomness from a discrete set; often a subset of
integers.

The probability distribution of a discrete random variable
specifies the probability associated with each possible value.





Four fundamental items can be calculated for a statistical 
distribution:

Density or point probability 

Cumulated probability, distribution function

Quantiles 

Pseudo-random numbers



For all distributions implemented in R, there is a function for each
of the four items listed above.

For example, for the normal distribution, these are named dnorm,
pnorm, qnorm, and rnorm, respectively (density, probability, quantile,
and random).



What is a Distribution? 
Continuous Random Variables



Normal Distribution 

A normally distributed random variable with mean µ and standard
deviation σ is one with density function fX (x) = 1 √ 2πσ e − (x−µ) 2
2σ2 . It’s graph is a bell curve centered at µ whose “spread” is
determined by σ.

The standard normal distribution is one with mean 0 and standard
deviation 1.



Normal Distribution  Computing Values in R

The distribution function for the normal with mean = ’mean’ and
standard deviation = ’sd’ is pnorm(x, mean, sd).

The quantile function of the normal is qnorm(p, mean, sd).

The function rnorm(n, mean, sd) randomly generates n values of a
normally distributed random variable with given mean and sd.

Default values: mean=0, sd=1.



Normal Distribution








