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What Is R?

‘R 1s 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 iIn
statistical methodology, and R provides an Open Source route to
participation in that activity.



How We Can Install R?

R Downlosd R-4.0.4 for Windows X + = o X

2 C & cranr-projectorg/bin/windows/!

R-4.0.4 for Windows (32/64 bit)

Download R 4.0.4 for Windows (8% megabytes, 32/64 bit)

nstatiatios nd other Instructions
New features in this version

If you want to double-check thar the package you have downloaded matches the package distributed by CRAN, you can compare the mdSsum of the .exe 1o the fingerprint on the master server. You will need a version of md3sum for

windows: both ggaphical and command line versions are available.
Frequently asked questions
° Oe5 inde. v version of Wiwndows?

= How do [ update packages ln v previous version of R?
e Should I run 32-bit or 64-bit R?

Please see the R FAQ for general information about R and the R Windows FAQ for Windows-specific information

Other builds

* Patches to this release are incorporated i the -patched snapshot busld

¢ A build of the development version (which will evenmally become the next major release of R) is available in the r-deve] spapshot build

- E““'-‘ DUS [~| Ases

Note to webmasters: A stable link which will redirect to the current Windows binary release is

Last change: 2021-02-15

n L Type here to search



& & 8 cran.r-project.org/bin/windows/base/

R-4.0.4 for Windows (32/64 bit)

Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

Installation and other instruckions
Mew features in this version

If vou want to double-check that the package yvou have downloaded matches the package distributed by CEAN, vou can compare the mdSsum of the .exe to the fingerprint o
and command line versions are available.

Frequently asked questions

* Dioes B run under mv version of Windows?
 How do I update packages in my previous version of B7
* Should I run 32-bit or 64-bit B7

Please see the B FAQ for general information about B and the B Windows FAQ for Windows-specific information.

Seleziona la lingua dell'installazicne ot

* Patches to this release are incorporated in the r-patched snapshot build. i'E_j ﬁﬁféﬁ;;;ﬁ;ing”a da usare durante
» A build of the development version (which will eventually become the next major release of R) 1s ayf ==

¢ Previous releases

English ~
Note to webmasters: A stable link which will redirect to the current Windows binary release 1s
=CEAN MIREOE=/bin'windows base'release html. P~
nulla

Last change: 2021-02-15



& & 8 cran.r-project.org/bin/windows/base/

Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

R-4.0.4 for Windows (32/64 bit)

Installation and other instructions
MNew features in this version

If vou want to double-check that the package yvou have downloaded matches t

i3 Setup - R for Windows 4.0.4 -

Information
¥ou should be logged in as an administrator when installing R

s

R

and command line versions are available.

* Does R run under my version of Windows?
» How do [ update packages in my previous version of R
* Should I run 32-bit or 64-bit B7

Please see the B FAQ) for general information about E and the R Windows FA

* Patches to this release are incorporated in the r-patched snapshot build.
s A build of the development version (which will eventually become the

Mote: A full R installation reguires administrative privileges, and it appears that those

are not available. If you continue with this installation, you will not be able to
assodate R with .RData files. Installation must be made to a directory where you
have write permission.

¢ Previous releases

Note to webmasters: A stable link which will redirect to the current Windows

Cancel

=CEAN MIEROR=bin windows, base release html.

Last change: 2021-02-15



Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

Installation and other instructions
New features in this version

If vou want to double-check that the package vou have downloaded matches 1
and command line versions are available.

R-4.0.4 for Windows (32/64 bit)

i5 Setup - R for Windows 4.0.4

Information

Please read the following important information before continuing,

s Doez B run under mv version of Windows?

 How do [ update packages in my previous version of R?
s Should [ run 32-bit or 64-bit B7

Please see the B FAQ) for general information about R and the B Windows FA

s Patches to this release are incorporated in the r-patched snapshot build.

s A build of the development version (which will eventually become the
s Previous releases

When you are ready to continue with Setup, dick Mext.

GMU GEMERAL PLBLIC LICENSE S
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

51 Franklin 5t, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GMU General Public
License is intended to guarantee your freedom to share and change free
software—-to make sure the software is free for all its users. This
General Public License applies to most of the Free Software

W
[ JC YR (Y . S Oy E R IR | :

Note to webmasters: A stable link which will redirect to the current Windows

=CRAN MIRROR=tin/'windows/base/release html.

< Back

Cancel

Last change: 2021-02-13

the fingerprint on t



“« & 8@ cran.r-project.org/bin/windows/base/

Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

R-4.0.4 for Windows (32/64 bit)

Installation and other instructions
MNew features in this version

If vou want to double-check that the package yvou have downloaded matches 1

5 setup - R for Windows 4.0.4

Select Destination Location
Where should R for Windows 4.0.4 be installed?

x

R

and command line versions are available.

¢ Does B run under mv version of Windows?
* How do I update packages in my previeus version of R?
¢ Should I run 32-bit or 64-bit R7

Please see the B FAQ for general information about R and the E Windows FA

s Parches to this release are incorporated in the r-patched snapshot build.
o A build of the development version (which will eventually become the
s Previous releases

Note to webmasters: A stable link which will redirect to the current Windows

Setup will install R for Windows 4.0.4 into the following folder,

To continue, didk Mext. If you would like to select a different folder, dick Browse.

Browse...

At least 2,5 ME of free disk space is reguired.

=CRAN MIEROE=bin'windows base/release html.

< Back

Cancel

Last change: 2021-02-15



Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

R-4.0.4 for Windows (32/64 bit)

Installation and other instructions
MNew features in this version

i Setup - R for Windows 4.04

Select Components
Which companents should be installed?

— X

‘R

If vou want to double-check that the package vou have downloaded matches t
and command line versions are available.

* Does B run under mv version of Windows?
* How do [ update packages in my previous version of R?

e Should I run 32-bit or 84-bit R7

Please see the B FAQ) for general information about B and the B Windows FA

» Patches to this release are incorporated in the r-patched snapshot build.
* A build of the development version (which will evenrually become the

Select the components you want to install; dear the compeonents you do not want to
install. Click Mext when you are ready to continue.

User installation

Core Files

32-bit Files

&4-hit Files

Message translations

53,2 MB
50,3 MB
57,6 MB

7,3 MB

Current selection requires at least 208, 1 MB of disk space.

¢ Previous releases

Note to webmasters: A stable link which will redirect to the current Windows

=ZCRAN MIEROE=binwindows base release html

the fingerprint or

Last change: 2021-02-13



Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

R-4.0.4 for Windows (32/64 bit)

Installation and other instructions
Mew features in this version

[f vou want to double-check that the package vou have downloaded matches t

5 Setup - R for Windows 4.0.4

Startup options
Do you want to customize the startup options?

and command line versions are available.

s Does B run under mv version of Windows?
* How do [ update packages in my previous version of R?
o Should I run 32-bit or 64-bat B7

DPlease see the R FAQ) for general information about R and the B Windows EA

s Patches to this release are incorporated in the r-patched snapshot build.
¢ A build of the development version (which will eventually become the

Please spedfy yes or no, then dick Mext.

() Yes (customized startup)
(®) Mo (accept defaults)

» Previous releases

Note to webmasters: A stable link which will redirect to the current Windows

< Back

Cancel

=CEAN MIRROER='hin'windows base/releass. html.

the fingerp

Last change: 2021-02-15



Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

R-4.0.4 for Windows (32/64 bit)

Installation and other instructions
MNew features in this version

i Setup - R for Windows 4.0.4 —

Select Start Menu Folder
Where should Setup place the program's shortouts?

s

R

If vou want to double-check that the package vou have downloaded matches 1
and command line versions are available.

* Does R run under mv version of Windows?
» How do [ update packages in my previous version of R?

¢ Should I run 32-bit or 64-bit B7

Pleasze see the B FAQ) for general information about B and the B Windows F4

s Patches to this release are incorporated in the r-patched snapshot build.
s A build of the development version (which will eventually become the

o
Setup will create the program's shortouts in the following Start Menu folder.,
[ =]

To continue, dick Mext. If you would like to select a different folder, dick Browse.

| R Browse...

[ ]Don't create a Start Menu folder

s Previous releases

Note to webmasters: A stable link which will redirect to the current Windows

Cancel

=CERAN MIBROPR.=bin/windows base/release. html.

the fingerpr

Last change: 2021-02-13



Download R 4.0.4 for Windows (85 megabytes, 32/64 bit)

R-4.0.4 for Windows (32/64 bit)

Installation and other instructions

Mew features in this version

If vou want to double-check that the package vou have downloaded matches t

i

Setup - R for Windows 4.0.4

select Additional Tasks

Which additional tasks should be performed?

s

R

and command line versions are available.

* Does B run under my version of Windows?
» How do [ update packages in my previous version of R?
* Should [ run 32-bit or 64-bit B7

Please see the B FAQ) for general information about R and the E Windows FA

» Patches to this release are incorporated in the r-patched snapshot build.
* A build of the development version (which will eventually become the

Select the additional tasks you would like Setup to perform while installing R for

Windows 4.0.4, then dick Mext.

Additional shortcuts:

[+] Create a desktop shortout

[] create a Quick Launch shortout
Registry entries:

Save version number in registry

s Previous releazes

Note to webmasters: A stable link which will redirect to the current Windows

Cancel

=ZCERAN MIBROBE=hin'windows base/release html.

the fingerpr

Last change: 2021-02-15



How R Works?

keyboard commands

ouse

|
screen

«../1library/base/
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/graphics/ y s
functions
data
files
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Active memory

Hard disk

[igure 1: A schematic view of how R works.

internet



Assighments

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,

>SX<L-2

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



An Overgrown Calculator

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

R R Console



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 iIs the index of the first number on that line.



Operators

Arithmetic Comparison Logical
+  addition < lesser than | X logical NOT
- subtraction >  greater than x &y logical AND
x multiplication ~ <= lesser than orequal to  x && y id.
/ division >= greater than or equal to x | y logical OR
- power == equal x ||y id.
%k modulo = different xor(x, y) exclusive OR
W% integer division




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

.‘7 1 <~Tat*lz] e, —- -1tz 14-2 0z _7 f:,»-.\--s:_:‘ _1 ':'Alﬂ‘-—-‘ - STL0811D _- e Tl et o -

(1] 1.6808505"% 0.35025810 -1.,98253884 -1.18246504 J.21686112 -0.39%960118

*ry - 28N CNRA - 208720 FL R = 1 18 796G 717 1 slel -3 5T~ ~ QeNETOEG ] sk kit T

[7] 0.28085088 0.28729635 -1.16729717 -1.0205883¢ 0.98067259 -1.03320634
-1 _ 4584944 1 61512306 4717287

- - - e DlO1lLOV0 [ L

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



Here there i1s 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:

kage:graphics”

(1] ".GlobalEnv"” "package:stats”™ "pac
(4] "package:grDevices"™ "package:utils” "package:datasecs”
[7] "package:methods”™ "Autoloads”™ "package:base"”™



Package

Description

base
datasets
grDevices
graphics
grid
methods

splines
stats
stats4
tcltk

tools
utils

base R functions

base R datasets

graphics devices for base and grid graphics

base graphics

grid graphics

definition of methods and classes for R objects and program-
ming tools

regression spline functions and classes

statistical functions

statistical functions using S4 classes

functions to interface R with Tel/Tk graphical user interface
elements

tools for package development and administration

R utility functions




Package

Description

boot
class
cluster
foreign

KernSmooth

lattice
MASS

mgcv
nime
nnet
rpart
spatial
survival

resampling and bootstraping methods

classification methods

clustering methods

functions for reading data stored in various formats (S3,
Stata, SAS, Minitab, SPSS, Epi Info)

methods for kernel smoothing and density estimation (in-
cluding bivariate kernels)

Lattice (Trellis) graphics

contains many functions, tools and data sets from the li-
brarics of “Modern Applied Statistics with S” by Venables
& Ripley

generalized additive models

linear and non-linear mixed-effects models

neural networks and multinomial log-linear models
recursive partitioning

spatial analyses (“kriging”. spatial covariance, ...)

survival analyses

Bhttp://cran.e-project.org/sre/contrib/ PACKAGES htm|



How We Can Install Package?

@R 250 (b4-bit

File Edt View Mac Packages Windows Help

[=le] mla[c] 6] (&] |

Jihtm ol &

O

Secure CRAN mirers

R version 4.0.4 (2021-02-15) -- "Lost Library Sook™ [Estonia [https] ~
Copyright (C) 2021 The R Foundation for Statistical Computing France (Lyon 1) [Mtps]

Flatform: x56_64-wéi-mingwd2/xé4 (€4-bir) France (Lyon 2) [htps]

France (Marseilie) [https]

R i2 free software and comes with ABSOLUTELY KO WARRANTY. France (Montpellier) [hitps]

YOu are welcome tc redistribute it under certain conditiana. 5""“"7“"!"9"‘[”"“9,’1

Type 'license()' or 'licence()' for discribution details. Germany (Lespzig] [https

Germany (G@ttingen) [https]
Matural language support but sunning in an Engliish locale M‘EZWIWI 1 1

Greece [https)
R 22 a collaborative project with many contributozs. H“"W"ﬁ;‘l

Type ‘contributorsa()’ for more information and Iceland [https]
‘cicacion()' on how o cite B or R packages in publications. India [hetps]

Indonesia (akarta) [hetps]
Type ‘demo()’' for some demos, 'help()*' for on-line help, or Iran [https)
‘help.scart()* for an HTIML browser interface to help. Itai

Type *q{)' To quit R.
Japan (Tokyo) [https)
> inmstall.packages() Kores (Gyeongsan-si) [Mtps]
== Please select a CRAM mirror for use in this session - Kores (Seoud 1) [https]
Korea (Ulsan) [https]
Malaysia [htps]
Mexico (Mexico City) [Mtps]
Morocco [https]
Netherlands [https]
Norway [https]
Philippines [htps]
Russia (Moscow) [https)
South Africa (Johannesburg) [https]
Spain (A Corua) [https]
Spain (Madeid) [Mtps)
Sweden (Bor@s) [https)

Taiwan (Tapei) [https)
Turkey (Denal) [Mtps]
| Turkey (Istanbul) [hetps] v

ok | Cancel

Ll © Type here to search



R RGui (64-bit)
File Edit View Misc Packages Windows Help

I‘l'ffConsék

R version 4.0.4 (2021-02-15) -- "Lost Library Book"
Copyright (C) 2021 The R Foundation for Statistical Computing
Platform: x86_€4-wé4-mingw32/x€4 (&4-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
'‘citation()' 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.

> install.packages|()
--- Please select a CRAN mirror for use in this session ---

: , : ENG 241PM
L Type here to search - g ) 7w o S L]




* help(package="ISwWR")



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



VvV

0 o Jdon b Wi

pre
5260
5470
5640
€180
6390
€515
€805
7515
7515

10 8230

library(ISwR)
attach(thuesen)
intake

post
3910

4220
3885
5160
5645
4680
5265
5975
€790
€900



Type Of Objects Representing Data

object modes several modes
possible in the
same object?

vector numeric, character, complex or logical No

factor numeric or character No

array numeric, character. complex or logical No

matrix numeric, character, complex or logical No

data frame numeric, character. complex or logical Yes

ts numeric, character, complex or logical No

list numeric, character, complex, logical. Yes

function. expression, ...




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: O 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 i1s simply an array of numbers, and a vector variable
can be constructed like this:



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:

e B 2ttt ' F = G._--ﬂ ~ . "o e T o - QQ - ™~ _— o
- - ;& o Sl - - | - J | N4 F <~ %)
.»CC - e 40 . o | . f | V- - o | ':-

/ |
e R - e o



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

»”  («( /(]

e >c<-(“Huey”, “Dewey”, “Louie”)

7«

e (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:

* >¢(T,T,ET)
* (1) TRUE TRUE FALSE TRUE
* (TALK HERE ABOUT MISSING VALUES)



Functions That Create Vectors

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

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



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

T (% 9
1 A c - - v
| 1 2T & O 7 03

3 (4 =)

(1] 4 6 ¢
1 c 3 -1
f11 4 5§ 6 7 R G
L;J - ~ c !



The third function, rep (“replicate”), Is used to generate repeated
values. It i1s 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 i1tself 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:



dim(x) - €(3,4) (row, column)
Exrror: attempt to apply non-function
b
3} 3 ¥ 3.4 ' ©& 7 8 9 1Xp 1l 13
matrix(l:12,nrow=3, byrow=I)
(.13 [,2) [(,3] [,4]
[(1,]) ¢ 2 3 <
2y ) S o 7 8
278 S 10 11 12

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.

-matrix(l:12, nrow=3,byrow=1)
rownames | -LETTERSIT1
.‘ A," -': -
[I‘L.l “-J 1 2 ) ’r"}l
A 1 2 3 -
B 5 o 7 8
E g : -‘ 12
- - - - - —



> t(x

DN O~ N

m w O -~ o



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

A C
FLo § & -
I 10

|n~Jn.wlD:‘
' |

.
rbind(A=1:4 B=5:8, =S :12)
- F\‘Q ~. - P
[+1] [.,2] [,3] [.,%)]
A 1 2 3 4
- 5 & 7 =
& < 10 % 5



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.

o D
N =~ 0O
S OW L



FACTOR

A factor iIncludes 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 1s of mode numeric or character.



> factor(l:3)

(11 12 3

Levels: 1 2 3

> factor(l:3, labels=c("A", "B", "C"))
(1] ABC

Levels: A B C



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

o WA

(1] none severe medium medium mild
Levels: none mild medium severe

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:

-

)—
e "

}

of

PR — —
- - e D' SA e 2
-~

3 n - - T n - an n Y- EEL n M easmyrm vy n
1] none mild medium severe



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:

intake.pre<-c(52¢0, 5470,5640, €180, €3%0, €515, €805, 75
> intake.post<d-c (3910, 42240 885, 5160, 5645, 4680, 52¢5,
» d<-data.frame (intake.pre, rtake post)
> d

intake.pre intake.post
1 5260 3910
2 5470 42240
3 5640 3885
4 €180 5160
5 6390 5645
6 €515 4680
7 6305 5265
8 Ta1lS 5975
9 7515 6790
10 8230 €900

11l 8770 7335



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

> deintake.pre

[1] 5260 5470 5640 6180 €390 6515 6805 7515 7515 8230 8770
> 1ntake.pre

[1] 5260 5470 5640 6180 €390 6515 6805 7515 7515 8230 8770



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:

SGAT . MVa - o
e e R el s SRR
5260 5470 5640 €180 8390



Conditional Selection

> intake,.post (intake.pre>7000]

[1] 5975 6790 6900 7335

> intake,post[intake,pre>7000 & intake,pre<=3000]
[1] 5975 6790



Indexing Of Data Frames

It I1s also possible to use a notation that uses the matrix—like
structure directly:

=
intake.pre intake.post

1 5260 3910
2 0470 42240
3 5640 3885
4 €180 5160
o €390 °645
3 6515 4680
1 6805 5265
= 73515 S975
= 7515 €790
10 8230 6900
11 8770 7335



> d[dSintake.pre>7000]
Error in "[.data.frame’ (d, dSintake.pre > 7000) :
undefined columns selected
> dldSintake.pre>7000, ]
intake.pre intake.post

8 7515 5975
g 7515 €790
10 8230 6900

11 8770 7335



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):

atalt ese
thue2 <-subset(thussen, bl e<7
thuel
blood.glucose short.velocity
€ i 1.49
11 6.7 L.23
12 WG 1.19
R 6.7 3
17 q.2 1.12
22 4.9 1.03



Grouped Data And Data Frames

The natural way of storing grouped data in a data frame is to
have the data themselves Iin one vector and parallel to that to have a
factor telling which data are from which group.

ean

ean

£an

(a] 0.0 0 O 0 0 O
O DO D DO 00 o e pt ot ot b pud fod ot
m mm m m m m m m maommmn

£an



> exp.lean <-energySexpend[energySstature=="lean"]
> exp.obese <-energysexpend[energydstature=="gbese"]
> 1 <-split(energyfexpend, energyistature)
> 1
Slean
(1) 7.53 7.48 8.08 8.09 10.15 8.40 10.88 6.13 7.90 7.05 7.48 7.58 8.1l

Sobese
1] 9.21 11.51 12.79 11.85 9.97 8.79 9.69 9.68 9.19



PROBABILITY AND DISTRIBUTIONS

The concepts of randomness and probability are central to
statistics. It i1s 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 i1s a Distribution?
Reminder of Basic Definitions

A discrete random variable 1s 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.



law

function

Gaussian (normal)
exponential

gamma

Poisson

Weibull

Cauchy

beta

‘Student’ ()
Fisher-Snedecor (F)
Pearson (y?)
binomial
multinomial
geometric
hypergeometric
logistic

lognormal

negative binomial
uniform

Wilcoxon'’s statistics

rnorm(n, mean=0, sd=1)
rexp(n, rate=1)

rgamma(n, shape, scale=1)
rpois(n, lambda)
rweibull(n, shape, scale=1)
rcauchy(n, location=0, scale=1)
rbeta(n, shapel, shape2)

rt(n, df)

rf(n, df1, d4df2)

rchisq(n, df)

rbinom(n, size, prob)
rmultinom(n, size, prob)
rgeom(n, prob)

rhyper(nn, m, n, k)

rlogis(n, location=0, scale=1)
rlnorm(n, meanlog=0, sdlog=1)
rnbinom(n, size, prob)
runif(n, min=0, max=1)

rwilcox(nn, m, n), rsignrank(nn, n)




Four fundamental items can be calculated for a statistical
distribution:

v'Density or point probability
v'Cumulated probability, distribution function
v'Quantiles

v'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, gnorm, and rnorm, respectively (density, probability, quantile,
and random).



What 1s a Distribution?
Continuous Random Variables

A continuous random variable X takes values in an interval of real
numbers. There is a probability associated with X falling between
two numbers a < b. The density function fx(x) is such that

Prob(a < X < b) is the area bounded by the graph of y = fx(x),
the x—axis, and the vertlcal ||nes x = a and x = b. In other words,

Prob(a < X < b) = f fx (x




Normal Distribution

A normally distributed random variable with mean u and standard
deviation o is one with density function fX (x) = 1 vV 216 e — (x—) 2

262 . It’s graph 1s a bell curve centered at u whose “spread” IS
determined by o.

The standard normal distribution 1s 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 gnorm(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

» pnorm(2)
(1] 0.9772499
> pnoxrm(0)
28 (R -
> gnorm(0.95)
[1] 1.644854
> gnorm(0.02
(1] 1.020018
> rnorm(4, 2
0

(1] 3.6192

~



Histogram of x

> xX<-rnorm(1l00)
> hist(x, freg=F)
> curve (dnorm(x), add=T)




> xX<-rnorm(100)
> boxplot (x) ~




> 4¢=0:80
> plot(x, doinom(x, size=30, prob=.d3), types"n")

QR R Graphics: Device 2 (ACTIVE)

50, prob = 0.33)

dbinom(x, size
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