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Course Importance

» This course will review and expand upon core topics in
probability and statistics through the study and practice of
data analysis and graphical interpretation using R’

» Being an open-source and user-friendly programming
language, it would help to perform better in research as well.

» R is one of the most powerful and popular programming
languages used by data scientists today thus it will prepare
you with current market pace.
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Introduction

» Ris available as Free Software Open Source GPL(General
Public License.

» The R system for statistical computing is an environment for
data analysis and graphics

» It’s a functional language developed by Robert Gentleman
and Ross lhaka at University of Auckland in 1995.

» It 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 development of the R system for statistical computing is
heavily influenced by the open source idea.

» It is maintained by R Core-development team, an international
team of volunteer developers.
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» R is statistical environment developed after Commercial
software S, SPLUS developed in 1980 at AT&T labs. and now
It dominates S.

» A huge amount of additional functionality is implemented in
add-on packages authored and maintained by a large group of
volunteers.

» Available on all platforms (Linux, Mac, Windows)

» Maintained by top quality experts, continuous improvement.

» It has developed rapidly, and has been extended by a large
collection of packages

» Available through http://www.r-project.org/

» Directions for obtaining Software, accompanying packages
and other documentations
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To download R software

» In any web browser (e.g. Microsoft Internet Explorer), go to R
webpage: http://www.r-project.org / www.rstudio.com

> Click CRAN Miirror.
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 Downloads: CRAN - on the left hand side menu on the screen,
click on “CRAN” which is under the “Download” item

* Set your Mirror- Pick a country site from which to download
(for example, lIT Madras India, but really you can pick any, all

this effects is download speed).

' @ The R Project for Statistic L Sl (G 23
« C  [1 www.r-project.org aQ
http:/www fi istics.org/cran K.U.Leuven Association i
Brazil
ran-r.c3slufpr. Universidade Federal do Parana
http://cran. fiocruz by Oswaldo Cruz Foundation, Rio de Janeiro
http://www.vps.fmvz.usp.br/CRAN. University of Sao Paulo, Sao Paulo
About R http://brieger.esalq.usp.br'CRAN University of Sao Paulo, Piracicaba
What is R? Canada
Contributors http://cran. stat.sfu.ca Simon Fraser University, Bumaby -
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http://fip ctex org/mirrors/ CRAN.
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http://mirror.bjtu.edu.cn/cran
http://cran.dataguru.cn
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@ The Comprehensive R Arc' »

> C 0

About R

R Homepage
The R Joumnal

Software
R Sources
R Binari
Packages
Other

Documentation
Manuals
Contributed

/ftpditm.acin/cran

frequently asked guestions before you send an email.
What are R and CRAN?
Ris ‘GNU S, a freely available I and enva for statistical computing and graphics which provides a wide variety of statistical and graphical techniques: lnear and nonlnear

The Comprehensive R Archive Network

Download and Install R
IPrecompiled bmary distributions of the base system and contributed packages, Windows and Mac users most likely want one of these versions of
R:
¢ Download R for Linux
* Download R for MacOS X
* 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 Platforms

‘Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The sources have to
Ibe compiled before you can use them. If you do not know what this means, you probably do not want to do it!

* The latest release (2012-06-22, Roasted Marshmallows): R-2.15.1 tar gz, read what's new in the latest version.
* Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

* Daily snapshots of current patched and develop versions are available here. Please read about new features and bug fixes before filing
corresponding feature requests or bug reports

* Source code of older versions of R is available here.

* Contributed extension packages

Questions About R

* If you have questions about R like how to download and install the software, or what the license terms are, please read our answers to

modelling, statistical tests, time series analysis, classification, clustering, etc. Please consult the R project homepage for further information.

CRAN is a network of ftp and web servers around the world that store identical, up-to-date, versions of code and documentation for R. Please use the CRAN mirror nearest to you to

minimize network load.

Submitting

to CRAN

m

On your right hand side you will see Download R for Windows
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@@ The Comprehensive R Arc

€« C: [ hy f;:.iikrﬁ.ac.in an/ - ) - ol

R for Windows
Subdirectories:

base Binaries for base distribution (managed by Duncan Murdoch). This is what you want to install R for the first time.
Binaries of ¢ ibuted packages ( d by Uwe Ligges). There is also information on third party software available for CRAN
CRAN conuh Windows services and ponding envi and make variabl
Mirrors Tools to build R and R packages (managed by Duncan Murdoch). This is what you want to build your own packages on Windows, or
What's new? Rtools to build R itself.

Search Please do not submit binaries to CRAN. Package developers might want to contact Duncan Murdoch or Uwe Ligges directly in case of questions / suggestions related to Windows bmaries

About R You may also want to read the R FAQ and R for Windows FAQ
TIhe R Journal Note: CRAN does some checks on these bmnaries for viruses, but cannot give guarantees. Use the normal precautions with downloaded executables

Packages
Other

Documentation

Manuals
FAQs
Contributed

» select the part of R you need.

» click on “base”, which gets you the basic R program contains a
powerful set of tools for most purposes.
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Click there and click on base

[CAEE,\- -]
httpy/ftp.iitm.acin/cran

@ R-2.15.1 for Windows (32/64 bit)
D R 2.15.1 for Windows (47 yies, 32/64 bit)

Installation and other instructions

New features in this version

crAN
=
i D If you want to double-check that the package you have downloaded exactly matches the package distributed by R, you can compare the mdSsum of the .exe to the true fingerprint. You will
L erv v wenig eed a version of mdSsum for windows: both graphical and i ions are available
Task Views e graphical command line versions
Search
Avomt. & o How doinstall R when using Windoss Vista?

Homesas: « How do I update packages in my previous version of R?
The R Joumal  Should Lrun 32-bit or 64-bit R?
Rj',;:x_’:’:; Please see the R FAQ for general information about R and the R Windows FAQ for Windows-specific information.
R Binaries
Packages
Other * Patches to this release are incorporated in the r-patched snapshot build
R . he development version (which will eventually become the next major release of R) is available in the 1-devel snapshot buid
Manuals
EAQs Note to webmasters: A stable link which will redirect to the current Windows binary release is
Contributed <CRAN MIRROR>/biny release htm

Last change: 2012-06-22, by Duncan Murdoch

N cLVBl mOBOG GO 1303

Click on Download R 3.0.0 for Windows (52 megabytes, 32/64 bit) or R 3.3.1/R 3.5.0
Joy in playing released on 23/4/18/ R 3.5.1 released latest on 2/7/18 feather spray

R-3.3.1-win.exe and save it to your hard disc. (prompt box where you want to save the
file?)

By double clicking on the name of this file, R is automatically installed.

Follow the installation process
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To open R software
» The installation process automatically creates a shortcut for R

» Double click this icon to open the R environment
Or Start > All Programs >R

» R will open up with the appearance of a standard Windows.

Fde Edit View Misc Packages Windows Help
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How to run R program code

> The main active window within the R environment is the R
Console

» R processes commands on a line by line basis

» R works fundamentally by question and answer model

» Consequently it is necessary to hit ENTER after typing in (or
pasting) a line of R code in order to get R to implement it

» Here at the command prompt (the symbol >), we can enter R
commands which run instantly upon pressing the carriage
return key

» We can also run blocks of code. Use the R supplied editor or
the Windows-supplied editor Notepad to display and edit our
R program code.
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To open the editor

» We are using the R-supplied editor to display and edit our R
program code, although any general-purpose editor will
suffice. Open R-Editor by going to the File button and clicking
on: File > New Script

R Roui (64-bit -
(File] Edit View Misc Packages Windows Help

= -- "Roasted Marshmallows"

R Untitled - R Editor

ifor more information and
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Getting started with R

> R can be used in many ways

» Simple calculations, vectors and graphics

» To begin with, we’ll use R as a calculator. Enter arithmetic
expression and receive results (second line is answer line).

>2+7
[1] 9

>2/(3+5)
>sqrt(9)+5/2
>sin(pi/2)-log(exp(1))

>exp(2)
>rnorm(10)
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COMMAND/OPERATION

+ -/ % ()

pi

XY

sgrt(x)

abs {x)
factorial (x)
log(x, base = n)
loglo(x)

log2 (x)

axp (x)

cos [(x)
gin (x)
tan {x)
acos (x)
asin(x)

atan (x)

EXPLANATION

Standard math characters to add, subtract, divide, and multiply, as well as
parentheses.

The value of pi ([l), which is approximately 3.142.

The value of ¥ is raised to the power of y, that is, xy.

The square root of x.

The absolute value of x.

The factorial of x.

The logarithm of x using base = n (natural log if none specified).

Logarithms of x to the base of 10 or 2.

The exponent of x.

Trigonometric functions for cosine, sine, tangent, arccosine, arcsine, and
arctangent, respectively. In radians.

Dr. Neena Mital Dept. of Statistics
Ram Lal Anand College, DU



File Edit Misc Packages ‘Windows Help
BEEDEEE

i R Console

> 247

[1] &

= 271345

[1] O.25

» S2QrL(9)45°2

[1] z8

> sin(pi/2)-logiexp (1))
[1] O

-1

R 2.3.0 - A Language and Environment

@ Introduction...
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> Pj

[1] 3.141593
> 2+43*pi

[1] 11.42478
> log(2+3%*i)

[1] 2.435785
>exp(2.48) [1] 11.42478

>rnorm(10)
0.14043098 -0.12097816 -0.03205747 -0.53310057
0.35212091 -0.34349391 1.50233187-1.22811203
-2.56203956 1.12682264



Entering and Manipulating Data in R

Assignments to store immediate results

To assign the value 3 to the variable a, enter
>a<-3
>3

[1] 3
>b <-5
>b-a
[1] 2

>msg <- “hello”
>Msg

“hello”

The symbol <- (=) should be read as “assigns”.
Two character <- should be read as a single symbol
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> R is case-sensitive so we need to be consistent in our use of
lower and upper case letters, for example, data, Data and
DATA are three different namesin R

» A comment in R code begins with a hash symbol (#)
» Spacing around operators is generally disregarded by R

» However, adding a space in the middle of a <- changes the
meaning to “less than” followed by “minus”

» Name of variable can be chosen quite free in R. They can be
built from the letters, digits, and the period (dot) symbol

» Limitation- name must not start with a digit or a period
followed by digit.
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OBJECTS

» R has five basic or “atomic” classes of objects:
v Character
v" numeric (real numbers)
v’ integer
v’ complex
v’ logical (True/False)

» The most basic object is a vector.

» A vector can contain objects of the same class only.

» LIST: The one exception is a list, which is represented as a
vector but can contain objects of different classes (indeed,
that's usually why we use them)
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ATTRIBUTES

» R objects can have attributes

v' hames, dim names

v' dimensions (e.g. matrices, arrays)

v’ class

v’ length

v’ other user-defined attributes/metadata

» Attributes of an object can be accessed using the attributes ()
function.
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Vectors and matrices

Creating Vectors

The ¢() function can be used to create vectors of objects.
The command c can be interpreted as column or combine or
concatenate.

> x <-¢(0.5, 0.6) ## numeric

> x <- ¢(TRUE, FALSE) ## logical

>x <-c(T, F) ## logical

>x <-c("a", "b", "c") ## character
> X <-9:29 ## integer

> X <- ¢(1+0i, 2+4i) ## complex

Using the vector() function
x <- vector("numeric"”, length = 10)

X
0000000000
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>class(x) Gives the data type of the variable or column
Complex

Matrix function
>matrix(1:9, byrow=T, nrow=3)
[,1] [,2] [,3]

1,] 1 2 3
[2,] 4 5 6
3] 7 8 9

>x<-1:4; y<-5-8; z<-9:12

>combine<-c(x,y,z); matrix(combine, nrow=3,byrow=T);
1234

56 78

9101112



>mydata <- ¢(7,-2,5)

» We can do calculations with vectors just like ordinary numbers as
long as they are of the same length

» Vectors can be manipulated, for instance by adding a constant to
all elements

>myconst <- 100

>mydata + myconst

>weight<- ¢(60, 72, 57,90)

>height<-c(1.75, 1.80, 1.65, 1.90)

>bmi<- weight/height"2

>X <- ¢(1:10)
Vectors with sequences of numbers with particular increments can
be created with the seq command:

>mydatal <- seq(0,10,2) integers between 0 and 10 with increment 2
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> datal
[1] 3 5§75 3 268546275
> data?2 = c(datal, 4, &5, 7, 3, 4)
> data?2
[1] 3 5753 26856594573 4

> datal = c(6, 7, &, 4, B, datal)
> datal
[1] 6 7T 6 48 3575 32685462158

> dayl = c{'"Mon", '"Tue', '"Wed', "'Thu")
> dayl
[1] "Mon® "Tue" "Wed®™ "Thu"

> dayl = c({dayl, 'Fri')
> dayl
[1] "Mon" "Tue" "Wed" "Thu" "Fri®
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File Edt Misc Packages Windows Help

E

i R Console

> wydata <-
= wydata
[11 7 -2 5§
» myconst <- 100 ;mydata + myconst
[1] 107 93 10§
¥ B %+ gfiio
> x

[1] ¢ 2 3 4 5 & 7 & 810
> mydatal <- seq(0,10,2)
> mydatal

[11] 0o 2 4 & 810

-1

¢(7,-2,5)

R 2.3.0 - A Language and Environment

15 start £ Ew el
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Component Extraction from a Vector and functions

>x <-¢(2,3,1,5,4,6,5,7,6,8)

>X[1] 2

>x[-2]  2,1,5,4,6,5,7,6,8 (All elts except 2nd)
>x[1:4] (1 to 4 elts)

>x[-(3:7)] 2,3,7,6,8 (All elts except 3 to 7)
>X[x>4] (elts >4)

[1]156576 8

>u <- x>4

>u

[AJFFFTFTTTTT

>X[u]

[1]1565768

>which(u)

[114678910

>-1:3; 1:2*3;  1:3*2

[1]-10123

[1]3 6

(11246
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>length(x); sum(x); sum(x”"2); mean(x)
>var(x); sgrt(var(x))
>sum((x-mean(x))*2)

>cv <- 100*sgrt(var(x))/mean(x)

>summary(x)
Min. 1st Qu. Median Mean 3rd Qu. Max.
1.00 3.25 5.00 4.70 6.00 8.00

>boxplot(x)

>summary(x”*2)

» To calculate 1/n Y, | (x; — )|
>x<-scan();  n<-length(x); xbar<-mean(x)
>dev<- sum(abs(x- xbar))/n
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Relational and Logical Operators

B < <= == >= I=

= | &

>whale <- ¢(74,122,235,111,292,111,211,133,156,79)
>whale >100; whale ==111; whale <=200;

>whale < 100|whale >200; whale >100&whale<200
>any(whale>300); whale[whale>100]
>all(whale>50)

>which(whale<100|whale>2000)

[1]1135710

>match(c(292,293), whale) Xx<-5;y<-7; (I(x<4)&!l(y>12))
[1] 5 NA [1] FALSE

>sum(whale>200)

[1] 3

>whale[whale>mean(whale)]
[1] 235 292 211 156
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Creating Named Components

>test_scores <- c(Alice =87,Bob=72,Shirley=99)
>test_scores <- setNames(c(87,72,99),c("Alice", "Bob", "Shirley")
>test_scores <- ¢(87,72,99)
> names(test_scores) <- c("Alice","Bob","Shirley")
>test_scores

Alice Bob Shirley

87 72 99

Reading data through console scan() function
>scan()
>1:345678
7:
Read 6 items
[11345678
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Naming a matrix

# No. of students in Stats and Maths

>RLA <- ¢(48, 38)

>KMC <- c(45, 47)

>LSR<- c(39, 65)

>students <- matrix( c(RLA,KMC,LSR), nrow=3,byrow=T)
>course <- c(“Statistics”, “Mathematics”)

>college <- c(“RLA”, “KMC”, “LSR”)
>rownames(students) <- college

>colnames(students) <- course

>students



Data files available in R

>data() ( Data sets available in R)

> data(package = .packages(all.available = TRUE)) (List all data sets in all
>rivers available packages)

>precip

>head(rivers) head(rivers,n=10) will display first 10 obs default is first 6
>str(precip)
Named num [1:70] 67 54.7 7 48.5 14 17.2 20.7 13 43.4 40.2 ...
- attr(*, "names")= chr [1:70] "Mobile" "Juneau" "Phoenix" "Little Rock" ...
>head(names(precip))
>[1] "Mobile" "Juneau" "Phoenix" "Little Rock" "Los Angeles" "Sacramento"
>head(sort(precip,decreasing=T))
[1]Mobile Miami San Juan New Orleans Juneau Jacksonville

67.0 59.8 59.2 56.8 54.7 545

>tail(sort(precip,decreasing=T)) tail(rivers,n=10) will display last 10 obs
default is last 6



mRx(x, m=.m o= FALEE] Ehows tha maximum valua. By default b6t valuas are not
removed. & value of A Is considered the langest unless
Na.rm = TRUE Isusad

minix, o=2.m = FALSE] Shoear=s tha mindmuwm valua In & vector. If thera are 8 values, this
retums a valea of B unless na . rm = THUE s usad.

langthixd =ivas the langth of the wactor and Includas amy B& values. The
Na. Im = instnuction does not work with this command.

SmmiE, o=.Im = FALIE] Shicears tha sum of tha vector slemants.

maan %, na.Tm = FALEE] Shicesrs tha afthmetic mean.

madlani ¥, na.rm = FALEE] Shows tha median valus of the vector.

sdix, os.rm = FRLEE] Shiows tha standard dendation.

Varix, ma.m = FALEE] Shoeas tha warfanca.

E=dlix, o=.Im = FALSE] Shicears the median absoluie daviadion.

>length(na.omit(time))

>time<-na.omit(time) Will create a vector after omitting NA

>print(x) will display complete data but for time series data it display start, end (time
at x-axis), freq and complete data set for time series data on y-axis

Dr. Neena Mital Dept. of Statistics
Ram Lal Anand College, DU



Assignment through Indexing

>x<-c(1,2,3); x[1]<-11; x

[1] 112 3

>x[2:3]<-c(12,13)

>X[6]<-6; X (to increase the vector size)
[1]11 12 13 NANA6

>x<-X[1:2] (to decrease the vector size)
>x[2:3]<-0

>x<-1:10; X[]<-1:3; X

(111231231231

Repetition Function

>rep(5, times=10); rep(1:3, 4)

>rep(c(1,2,3), times=c(3,2,1))
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>time<-¢(17,16,20,24,22,NA,15,21,15,17,22,NA)

v" Find max, min and avg commute time?

v If 24 is corrected as 18 find new avg?

> time[which(time==24)]=18

v" How many times commute time is 20 min or more?

> length(which(time>=20))

v' What percentage of commute time are less than 18min
>100*length(which(time<18))/length(time)

Dr. Neena Mital Dept. of Statistics
Ram Lal Anand College, DU



Help Search

>?q > help(qg) help for quitting R

>help.start()

>help(mean) or ?mean >example(mean)

>help.search()

any functions that do optimization (finding minima or maxima), type
>help.search("optimization")

Help files with alias or concept or title matching "optimization" using fuzzy
matching:

ImeScale(nlme) Scale for Ime Optimization

optimization(OPM) minimize linear function with linear constraints
constrOptim(stats) Linearly constrained optimisation

nlm(stats) Non-Linear Minimization

optim(stats) General-purpose Optimization

optimize(stats) One Dimensional Optimization

portfolio.optim(tseries) Portfolio Optimization
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