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STATISTICAL COMPUTING AND R PROGRAMAMAIING

AModule-01
Introduction of the language, numeric, arithmetic, assionment, and vectors, Matrices and
Arrays, Noo-numeric Values, Lists and Data Frames, Special Values, Classes. andCoercion,

Basic Plotting
What is programming L.anguage.

# Programmung language is defined it i set of insfruction

# The mstruction are written by the programmer developer and deliver the mstruchion
the computer for the particular fask

# Becauss of computar is not understanding the human lansuage it only understand
computer language binary lansuage(byte code).
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What is Statistics ?

&_ﬁqrrtt-tlntﬂ-l

Statistics 18 the branch of mathematics 1t 15 defined as study and mamipulation of data 1z calle
as Stahistics.
Agcordme to the definthon statistics

* Studying

o Analvsis

¢ Interprestation

o presenting

e Oreamsing the data or finalise the data
Example: The number of people m the town who are watchmg in the TV
Out of the total population i the town
What is Statistcal Computing 7

Statistical computing 15 the defined as 1t 1s the bond between statistics and computersciene
is called statistical computing
Statistical computing 15 also called as computational statistics.

Example: 1 Regression model

2 Machine learning alsorithms

3 Time senes Modzl
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STATISTICAL COMPUTING AND R PROGRAMAING

What is R Programming ?

¥ R programming 1s the géneral purpose of the programining language .
v 1t 15 also one of the interpreter programmung language and execute ling by line cods.
v R programmung mainly usad in the data Analyss and rssearch fizlds.
¥ R supports procadural programmine with funehons and. for somée finctions. object-
oriented programmung with generie funchons.
v That 13 widely used as a statistical software and datz analysis fool
Why learn R programming language.
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R 13 one of the most popular statistical programmung languages for data scientists. Ttis heav
used in the field of machme learning, scientific computing and statistical analysis.
= Smece R is an imferprated programnung languages. vou canpun your code without any compil

sgsenfhuseny

usmg interpreter. This mikes development easier
= R can he used to perform vector caleulations It is a vector lanpuace and can be usad to

funchions to a single vector.
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History of ‘R’ Programming
The ‘R’ Programnung 15 mtroducad m the nuddle year of 19607s fo 1970°s § p_rmgmmmui%

language it used with lexical scopmp semaritics Become 1990°s S programming ﬂpﬂ.ated'e&
‘R programming. It was desigried by Ross Thaka and Rebert Gentleman at the Umv-arﬂéf
of Auckiand. New Zeaaland, and is eurrently developed by the R Development Core T :
Why we called as ‘R’ Programmmng because of 15 invented the two scientist names start

B

;

with “R’.So programmung languags as the R programmung language.
Ross lhaka and Robert Gentleman = :

o New Zealard skatisticlans

o Dnoinatorsof the R
prograrmming language

* Risa free software anvironment
for statistical cormputing and
graphics

» Currently, the CRAN (The
Comorahensive B Archive
Network) package repasitany
features 15363 packages

FFFERFENEFOFEGDR SRR SRRSO RN D O

R programummg languace was mitially developed by Ross Thaka and Robert Gentleman int
ir
early 19%0s while they were at the University of Auckland, New Zzaland. R was._mﬂuame@

by the S programming languase, which was developed at Bell Laboratories by Johin Chambedd
and his colleagues.

BPERFFEERRRE

Ross Thaka and Robert Gentlemsn crsated R a5 an open-source propfammine lanouzdg
specifically designad for statistical computing and graphies. They aimed to provide a fres anéi
flexible safiware toal for statistical analysis and data visuslization making it aceessible t%
researchers. statisticians. and data analysts worldwade, :
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The name “R7 iz derived from the intfials of the first names of i craators, Ross Thaka 31@
Robert Gentleman R gamed populanty among statisticians and data scientists due to 1%.
poweriul features. extensive statistical hibraries, and the ability to ereate high-qualnty gr-aphm&.

Smce 1ts mnception. R has been continuously developed and improved bv a dedicat

commumnity of users and developers worldwide. The R Project for Stahistical Computing. le-é
by core members and velunteers, mamtams and enhances the R lanouase and its Emsysteni,
The R Foundetion. a non-profit orgamzation provides support for the development ar.&!

distribution of R, snsuring ifs open-source neture and promoting its usa m various fialds.

LL UL Ll g

Ross Thaka and Robert Gentleman's contributions to the field of statistical computing and the
-
development of R have been sigmificant They have played a crucial role in creating a vers atdi%
]
and widely adopted prosrammune lansuase that continues to emposwer reszarchers and da@
&
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analysts to explore and analyze data effectively. E
H

*

I

R Pt
.

049 1997-04-  First time R's source was released, and CRAN :

| 23 _ (Comprehensive R Archive Network) was started. .
0.60 1997-12- R officially gets the GNU license. .

| 0s i
0651 1999.10-  update.packages and installpackages both are 3
. 67  imcluded. E
1.0 2000-02-  The first production-ready version was released. *
29 .

EW 2001-12-  First version for Mac OS is made available. :
19 2

20 2004-10-  The first version for Mac OS is made available. :
04 .

29 2005-04-  Add support for UTF-S8encoding, internationalization, E
18 localization etc. E

211 2010-04-  Add support for Windows 64-bit systems. s
22 :

213 2011-04-  Added a function that rapidlv converts code to byte E
B 14 code. :
214 2011-16-  Added some new packages. $
31 - :

a

JSSCACS 202324 ROOPA =

L 4

WS w S eSSt el et sk d e eV ek sl it eddir SR AN e R ER OISk A S A SRR T TR SN NS e ek



WekFEaddwd e edeVesFEdidddriREaSeseVetrEdiideddREeSese et EFEEdEE ik aSTaE s

STATISTICAL COMPUTING AND K PROGEAMMAING

commanid.

operators.

JSSCACS
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[ 213 201203 Improved serialization speed for long vectors.
30
3.0 2013-04-  Support for larger numeric values on 64-bit systems.
03
34 2017-04-  The just-in-time compilation (JIT) is enabled by
| 21 default. |
3.5 2018-04-  Added new features such as compact internal
23 representation of integer sequences, serialization
—_— __formatetc. @
4.3.1 2023-06- The package vou have downloaded matches the
16 package distributed by CRAN, vou can compare
the md3Ssum of the .exe to the fingerprint on the
master Server.
Features of ‘R’ Programming Lancuage

“ R is a domain-specific programming languase which aims to do data analysis
<% It has some umque features wiuch make 1t verv powerful

<+ The most important arguably bemng the notation of vactor:

«+ These vectors allow us to perform: a complex operation on 'a set of values in a sin

<+ Thers are the ollowing featurss of R programming: It 18 2 smple and effectiv
programmino lansuage ﬁ-‘hiﬂhhﬂa been well developed

¢ It 1= data analvsis software.

< It 15 a well-desioned, easy, and effective language which has the concepts of us
defined. looping, conditional and various ['O facilities.

+» Tt has a consistent and mcorporated sot of tools which are used for data analvsis

< For different types of calculation on arrays. lists and vectors. R contams a suite

*» Tt provides effective data handling and storage factlity.
<+ It 1= an open-source, powerful. and hichly extensible softwars.
¢ It provides highly extensible graphucal techmigues.

< It allows us to perform multiple caleulations using vectors:
< R 15 an interpreted lanpuage.
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Application of ‘R” Programming

al..“‘

1. Fintech Compames (financial services)

[

Acadenuc Research
Government (FDA National Weather Service)

Fand

4 PRetail
i Social Madia
& Data Journalism
: Manufacturing
i Healthecars
The companies or organizations that use R.

« Airhnb

« Microsoft

« Uber

« Facebook

« Ford

« Google

« Twitter

« IBM

« American Express
. HP

Advantages and Disadvantages of ‘R’ Programming

1. Excellent for Statistical Computing and Analyvsis

R 18 a statishical lanonaoe eraated by statisticians Thus_ it excels in statistical computation
is the most used programming langnage for developme statistical tools.

2. Open-source

R i an open-source programming lancuase Anvone can werk with R without any hicense
fee. Due to this, R has 2 huge community that contribules to ifs snvironment.
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3. A Large Variety of Libraries

R°s massive community suppert has resulted in a very large collection of hbranes R

nﬂﬁbbﬂnr:ﬂ-n

famous for its craphical libraries These hibrares support and enhance the R developme
environment R has libraries with a3 hugs vanely ef applications.

4. Cross-platform Support

& Cross-platform Compatibility

R 15 machine-independent It supporis the cross-platform operation Thus. 1f = usable
many different operating systems.

5. Supperts various Data Tvpes

R can perform operations on vectors, arravs, matrices, and vanous other data objects

Varving sizes.

6. Can do Data Cleansing, Data Wrangiing, and Web Scraping

.14?4b}ﬁﬁlﬁﬂﬂirﬁI@.}*?Qﬂég"#ll‘b#“%'#l?n?#bﬂl#’!ﬂﬁ.PQ'#“?Q?#FH*#E*FQ'

R can collect data from the internet through web scraping and other means It can aiso parfor

L

L3

data cleansing. Data cleansing 18 the pm::e%
L]

of detecting and removing/correcfing maccurate or corrupt records. R 15 also usefusl for d&%
=

wrangling which 13 the process of converting raw data mto the deswed format for saud
e S e ﬂ

. &
consumption. H
-]

L

7. Powerful Graphics -
]

L

R has extenspve libraries that can produce prodoction quality graphs and Tiiillil[lﬂiiﬂﬂ%.
o

These orapliies can be of static as well as dvoamic nature e
- - -
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8. Highly Active Community

?!**‘

The R community 18 very active. There are users from all around the world to help an?
support you. Many latest 1deas and technology appear m the R community. E
9. Parallel and Distributed Computing E
Usmg libranes like ddR or multiDplyr. R can process larpe data sefs using parallel c;t
dastributed computing. E

0. Doesn’t need a Compiler E

R 1s an interpreled language This means that it does not need a compiler to turn the cnc&
&
into an executable program. Instead, R interprets the provided code mto lower-level calls EJ.EI

pre-compiled code. E
11. Compatible with other Programming Languages g
R 1s compatible with other lanpuages hke C. C++ and FORTRAN. Other lansuages h];%
NET, Java, Python can also directly manipulate objects :

s
12. Used in Machine learning :

>

R can be useful for machine learming as well Facebook doas a lot of its machine:-learmng
&
resezarch with R. Sentiment analysis and mood prediction are all done using R. The bast ﬁ%
i
of R when 1t comes to machine learning ss 1n case of sxploration or when buildine ons-cff

madels. E
13, Can Inferact with Databases %
R contans sevaral packaces that enable it to interact with databases. Some of these. pﬂtka#:
ars Roracle. Open Database Connsetrvity Protocol). RmySQL. ste E

.
14. Comprehensive Environment E
R hasa verv comprehensive development environment It helps in statsstical computmg: %

well as softwars development R is-an object-oriented programmume language. It also h&sg
robust package called Rehiny which can produce full-fladoed web apps. R ¢an also be useﬁi%

g

for developmg software packages. E
Disadvantages of R Programming 5
&

It's po secret that there’s also a dark side to R programming Lets move on to the
disadvantages of using R- E
2

o

a
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1. Steep Learning Curve

As many have said R makes ezsv thines hard and hard things sasv. R’ syntax is wr?
different than other languazss so ar= its data types. The leaming curve for R iz pratty st.e?
for a beginner Though R 152 bat difficult m the beeinning data science enthusiasts still preﬂ
to learn 1t due to the amazing features of R.

1!#*‘

Learning Curve of R Programming

I = pther I.ngupﬂﬁl @&

2. Some Packages may be of Poor Quality
CRAN housss more than 10,000 librarvies and packages. Some ofthem are redundant 53 we
Due to the large quality. some of the packages may be of poor quality.

3. Poor Memorv Management

q‘l'i'I"!Q-"l-l#l'l*""l‘l*I'q-'l'-I‘l'-'!-'Qlﬂ'!'ﬂ'l'ﬂ'ﬂ-*l‘ﬂ‘l‘l‘l'.!"ﬂ'l‘ﬂ'lI'H-'kl-!‘:l*!-

R commands don't concem with memory management, Az a result, R can take up all the
available space
4. Slow Speed
The programs and functions tn B are spread across different packages. This makss 1t slowdr
than alternatives such as MATLAB and Python
5. Poor Security

BERERTRRNER

R lacks basic security measuras. So making web-apps with it i3 not always safe.

6. No Dedicated Support Team

R has no dedicated support team to help a user with thewr issues and problems. But
community is quite large, so evervbody helps each other out,
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d

7. Flexible Syntax E
R 15 a flexable programnung language and there ars no strict guidelmes to follow. You nee§
to maintain proper coding standards to avoid messy and complicatad code. :
:

H

Installation of R programming .
<y : *

Definition of compiler: A compiler 15 a special program that translates a pmqmmnnné

lanonace’s source code info machine code. bytecods or another programming lansuape. ]II:E

source code s typically written i a high-level human-readable language such as Java cﬁ'

=
&
C.C+, .
&
Definition of interpreter: :
An Interpreter directly executes mstructions written 1n a programming or scripting IHIIE'IEEE
-

without previously converting them to an object code or machine code. Examples of
interprated languages are Perl. Python R | and Mat 1ab.

iy C -l_1l:|'1;;llur WWorks

output

[T FT

Compiler | Interpreter
= A compiler takes the entire = An interpreter takes a single
program in one go. line of cade at a time.
. The compiler generates an ~iFhe _Inrerpreter never bed“céﬁ
intermadiate rachine code. a$ intermediate machine
code.
Ifntt':a er is best suited for
M’!' FERE
[ﬂ'l'll'l'l‘ﬂﬂh
. The -:gmpqer tlﬁ used by 5 sch « An Intarpnl;]EtErlls l.lseﬂe
rurmm ANgUages suc rogramming langu ssu
p n§ EEI ava, etc. p hunPPPE-a%I
JSSCACS 2023-24 ROOPA

PR R RS AT RS LA PR A E R P TR LA AR AR S T T AN AR RS LT AT SR AR R AR R A YA N A YT

:!}lII'l-l'.l'_il'l"ﬂ'"ﬁI‘I'!l'-Il"'!-'i‘I'ill*:l'I"I‘"‘.'"!‘l'-'I'I'Q‘lI‘l*l_l-l'I*'#l"'l'I'!'l'-'l"!'.‘-}"l‘“l‘"!‘!l‘l’"'l‘.‘“

WedSedddwdd it eE St etsrdadivd ik e S e eV ek s Rt iR a S SRR R ER AR USSR S aES SR EEE SR e ek &S



SRR FEEGINRTETFCIADNI DR ONO RS F AN BRI GBI RO R TR TS TSI RN T A DG E SRS RED TR R ER T A G SRS SRS F SSRGS RGBS RSSO

WekFEaddwd e edeVesFEdidddriREaSeseVetrEdiideddREeSese et EFEEdEE ik aSTaE s

STATISTICAL COMPUTING AND R PROGRAMAING

Svniax of R Programming
R Programmung is a very popular programmung language which s broadly usad

in data analysis. The way i which we define s code 15 quite simple The "Hello
World!" s the basic program for all the languages
To develop the programs m two mode

1. The command prompt
2 The Senpt file

1. The command Prompi{(*R” Console)
The Command prompt wnite the code command hine_ It 15 directly mteract

the with theinterpreter.

Example: “JsS
COLLEGEMYSORE™ Outpuifl]
JS5 COLLEGE MYSORE

2.The script file( R Studio)
The R senpt file 13 another wav on which we ean write our programs. and

then we executathose scripts at our cammand prompt with the help of R

iterpreter known es Rscript.

We make atext file and write tha followmg code. We will save this file with R
extension as:

filename R

string < JSS COLLEGE MYSORE™
primt(siring)

Output:[1] JSS COLLEGE MYSORE

Comments: In'R programming. comments are the prosrammer readable

-explanation 1 thesource code of an R program

The purpose of adding these comments 18 to make the source code 2asier o
undesstand Compalers and mterpreters generally ionore these comments.
There ars fivo types commands:

1.Single line command : In R programmme there 15 only smgle- lme comment B
doesn't support muolt- hine comment. But if we want to perform nmiln- line comments,

then we can add our code mn a false block

JSSCACS 2023-24 ROOPA
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Single-line comment

#My First proetam m R programmino

strng <="Hello World!"
priunt{sinng)

The trick for multi-line comment

Fhrek for mult hne comment

INFALSE) {
R 1z an uterpreted computer progammung language which was
created by Ross lhaka and Robert Gentleman at the University of
Auckland New Zealand.

=My Fust program m R progamming
-"HellbWorld™
prnt{ strme)

Variables in R Programiming
Variables are used fo store the mformation to be manipulated and refersnced m the
program-

The R varmable can store an atomic vector, a group of atomic vectors. or a combination
many R abjects.

Eﬁl‘!'l'I"I‘ﬁI-}'-'l‘l*!"‘I‘I*I'q-'l'I‘l'-'!-I'I'I*il'!-'ﬂ'I-IF'*I‘I'I'1‘l'II‘I*I"!"ﬂ"ﬂ'l‘!’ﬂ-?‘-!‘l‘l‘l‘l.l"ll’

R supparts three ways of vaniable assignment:
Using equal operator- operators uss an arrow or an equal s1zn to assign values to vanables,
Using the leftward operator- data 1s copied from night to left

R Variables Syntax

1) Using equal to operators
vanable name = value

2) Using leftward operatar
vaniable name €valus
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Example:
varl €"hello”

print(varl)

Qutput: hello

Thie following rules need to be kept in mind while naming a R variable:
1) Avald varnable name consists of 3 combination of alphabsats. numbers, dot(_), and
underscorei_) characters. Example: var. 1 _ 13 valid.
2) Apart from the dot and underscors operators. no other special character 15 allowed.
Example: var$i or varei both are mvalid.
3) Variables can start with alphabets or dot characters Example: var ar var 15 valid
4) The varable should not start with numbers or underscors. Eﬁample: 2var or var 18
mvahd.
5) If a variable starts with & dot the next thing affer the dot cannot be a number.
Example: 3var 15 mvalid
6) Tha variable name should not be a reserved keyword i R Example: TRUE,
FATSE &te.
class() funciion:

This built-in fimction 13 used to defermmne the-dafa type of the vanable provided to ot

The R vanable to be checkad 15 passed to this as an arpument and ¢t prints the data type
retum

Svitax:
class(variable)
Example:

varl="hallo"
prmticlass(var)
Output "chsracter”
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1) Vectors:
In R. a sequence-of clements which share the same datz type 18 known as

vector. Vactor i classifiad into two parts:

) Atomic Veciors

)  Last

Note: There = only ons diffsrence between atormic vectors and bists-Inan
atorme vector, all the elements are of the same type_ but in the list. the elaments
are of different data types.

How to create a vector in B?

1. Using the c() function
In R we use o) function to ersate a vector. This function returns a one-
dimensional array or simply vector.
Example:
Myvee €¢(1.3.1.42)

Print{Myvec)
Output: 1 3 1 4 2

2. Using the colon(:) operator

We can ereate a vector with the help of the colon operator. There 1s the followme
syntax to use colon opsrator:

ZEexy

Example: b€e(1:10)

Print (b)

Output- | 23456789 10
3. Using the seq() function

A sequence function creates a sequence of elentents as avector. The seq() fimetiont
15 usad by sefting step siza with ‘by’ parameter

Example: seq vec<-seq(14.by=0.5)
Print (seqg_vec)
Output: 1.0 1.5 20 235 30 335 40
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! i e R
In R. there are four tvpes of atomic vectors.

1) Numeric vector
A veptor which contains numernic elements is: known as 8 numernic vector. If we
assion a decimal valus to any variable then that variable will become a numeric
type.

Example: mum vec<c(10.1. 10.2.33.2)
Print(num vec )
class(num vec)
Cnatput: 10.1 102 332
"numeric"

2) Integer vector
A non-fraction numeric value 1s kmown as integer data An integer value can be
assipned to vaniable by appendmg L to the value.
Exﬂmple mt veci<-c(1L 2L 3L 4L 5L)
clasatiﬂt_vegl)
Output: “integer™

3) Character vector
A vector which contains character elements 15 known as an intecer vector. In R
character data tvpe value can be created using double guotss(™) or single
guotes(").

Example: char vecl<-¢("shubham" "arpia" "mishka" "vashalh")

Prmt(char vec)

class(char wvecl)
Output: "shubham” ' "arpita™ "nishka™ "vaishali"

"character"

4) Logical vector

The lozcal datatvpe& have only two values 1e . True or False. These values are
based on which condition 1s satisfisd A vector which contains Boolean values is
known as the logical vector.
Example: d=-5
g-6
=7
log vec<-c(d<e. d<f. e<d.e<L{<d.f<e)
print(log vec)
class(log vee) |

Output: TRUE TRUE FALSE TRUE FALSE FALSE
TFjuﬁc-_'ailT
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Accessing elements of yectors
We can access the slements of 2 vector with the help of vactor indexing Indsxing
denotes the position where the value in a vector 15 stored
InR, the indexme starts from 1. We can perform indexine by specifying an mteger
value 10 square braces [] next to our vector.

Examplerseq vee<-seq(1.4.length out=06)

Prinf(seq vec)

Print(seg wvec[2])
Outpui: 101622283440
L6

Vector Operation

1) Combining vectors
By combining one or more vactors, it forms a new vector which contains all the
elements of each vector.

Example: p<-¢(12.4.5.7 8)

q.,: .—E{"Shllbhﬁlﬂ" __"H’I‘E}I’Eﬂ" =”ﬂ15hk-aﬁ,"gkm:iaﬂﬂ,“ﬂ'ﬂiﬂhlﬂlnzﬂmt“}

r<-c{p.a)
prnt (r)
Output: "1" b & o e "8"
"shubham"™ "arpira™ "nishka" "gunjan'" “vaishali" "sumit”

2) Arithmetic operations

We can perform all the arthmetic operation on vectors. The arithmetic operations
are performed member-by-member on vectors.

Example:
a<x(133.7)
b=ec(246.8)
print (a+b)
print (a-b)
Output:3 7 11 15
-1 -1 -1 -1
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R Lisis

In R lists are the second fype of vector. A hist 15 a data structure which has
cemponents of mixed data types. Lists are the objects of R which containelements
of different typas such as mumber, vectors. string and another list ins:dest

Lis{s creation

The function which 15 used to create 2 ist iIn R 1s ist( ),
Example:

1) list 1<-list(1.2.3)
hist 2<-list("Shubham" "Arpita” "Vashah")
Output:
1

e

3
"Shubhan"
“_-_l!i_.f‘P-EE”
"Vaishali"

2) list_data  list("Shubham" "Arpita".¢(1.2,3,4.5). TRUE FALSE 22 .5 121)
print(hst data)
Output:
"Shubham"
"Arpita”

123453
TRUE
FAISE
225

12

a name to list elements

There are only three steps to print the hist data correspendine to the name:

I. Creatinga bst,
2. Assign a nameto the list elements with the help of names() function
2. Print the hist data.
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Example:

# Creating a list containing a vector, 4 matrix and a list.
list_data < lst(e("Shubham" "Nishka" "Gunjan"), matrix{c(40.80.60,70.90.80).
nrow =2).
list("BCA", "MCA" "B tech"))

#= Giving names to the elements n the hist.

names(list_data) <- o"Students”. "Marks". "Course")
# Show the list.

print(list data)
Output:

SStudents
1] "Shubham" "Nishka" "Gunjan’

SMarks

L11[21E3]
(1] 40 60 90

[2.] 80 70 80
SCourse
sCours[[1]]

[1] YRCAY

SCoursel[2]]
[1] "MCA"

$Courze[{2]]
{1] "B. tech."

! - I‘ x I E] I
R provides two ways through which we can accass the elements of a list
1} First ona 1s the indexme method periormed m the same way as a vector.
2) In the second one. w= can access the elements of a list with the help of
names.
Example 1: Accessine elements using mdex
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# Craatng a list containing a vecior, a matrix and a list
list data < list{c("Shobliam"."Arpita”,"Nashka"). matrix(c(40.80,60.70.90.80).
nrow = 2) hst("BCA" "MCA" "B tach"))
= Accessing the first slament of the list
print(list data[1])

Output:
"Shubham'" "Arpita" "Nishka"

Example 2: Accessine elements using names

= Creatmg a list containing 2 vector, a matrix and a hst
list data <- hist{c("Shubham"." Arpita" "Nishka"). matrm{c{-iﬂjﬂiﬁﬁ;?ﬂjﬂ,sm.
mv L ?.}_]ist(HBE‘E"."MCA";"E.?E—E—}II"}}

# Giving names to the elements in the list.
aames({hist data)<- c("Student". "Marks". "Course”)
= Accessme the first element of the list
print(list data["Student"])

Qutput:
SStudent

"Shubham" "Arpita" "Nishka"

Manipulation of list elements
R allows us to add, delste. or update elements in the hist

Example

# Creating a list containing a vector, a mairix and a list.
list data <- list{c("Shubham" "Arpita” "Nishka"). matrix(c(40.80,60.70.90_80).
nrow = 1) hist("BCA" "MCA" "B tech"))

= Givinig names to the elements m the st
names(list data) <- ¢("Student”. “Marks", "Course!")

#Adding element at the end of the List.
list datal4] < "Moradabad"
print(hist data{<])
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#Removing the last element
list data[4] <- NULL

% Drinting the 4th Element
print(list_data{4])

= Updatinie the 3rd Element
list data[3] < "Masters of computer applications”
print{list dataf3])

Output:
"1dﬁrﬁdﬂbad”

S=NA-
NULL

SCourse
"Masters of computer applications"

JiLY no list to veclor

There 15 a drawback with the DIist 12, we cannot perform all the arthmetic
operations on hst elements.

This drawback can be overcome with the function unlist( ), this function converts
the list mto vectors.

Example:
# Creating lists.
list] <- List(1:5).
print(list1)
Tist? <-Jis¢(10:14)
print(list2)

= Converting the hists fo vectors.
vi < unhst(listl)
v2 <-unlist(hist?)

adding the vectors
result <- v1+2

print(result)
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Cutput: 1 2345
101112 13 14
1113151719

Merging Lists
R allows us to. merge one or more Iists into one list

To mergs the lists, we have to pass all the lists into list funetion as a parameter,
and 1t returns a bist which contains all the elements which are present in the lists.

Example

# Creating two lists.
Even list =-list(24.6.8)
Odd lst < list(357.9)

= Merging the two lsts
merged list < list(Even Iist.Odd_hist)

= Printing the merged list.
print{meread list)

Cutput:?

R - -

L

-

R Mt
In R a two-dimensional rectansular data set 13 known as a matnix
A matrix = creatad with the help of the vector mput fo the mainx function.
In P we use matrix( ) to ¢reate matroo
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Svatax: mairix{data.nrow.ncol,byrow.dim names)

data:- It s the input vector which is the data elements of the matrix
nrow--It 15 the number of rows which we want to creats i the matnx
ncol: It 1= the mumber of columns which we want to create i the matris

byrow:- The byrow parameter 15'a lomeal ele. If 1ts value 15 true_ then the input
vector slements are arrangad by row

dim name - 1t 15 the name aszipnad to the rows and columns.

Example: p <- matrx{e(5:16), nrow=4, ncol=3, byrow=TRUE)

Print{p)
Cruiput x 6 7
s 9 10
11 12 13
14 15 16

Assigning names to the matrix:

% Defining the column and row names.
row_names=¢("rowl", "row2", "row3"; "row4")
ccol names = ¢("eoll", "col2", "enl3")

R <- matrix({c{3:14), nrow = 4. bvrow = TRUE. dimnames = list{row names. col
names)) print{R)
Cutput:
coll col? col3

rowl 3 4 5

row2 6 7 8

rowd 9 10 11

row4 12 13 14

Accessing matrix elements in R
There are three ways 10 access the lements from the matnix
1. We can access the element which presents on nth row and mth column

2. We can access all the elements of the matrix which are present on the nth
FOW.
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3. We pan also access all the elements of the matrix which are prasent on the
mth column.

Example: For the above created R matrid accessme the slements as follow
#Accessing element present on 3rd row and 2nd column
print(R[3.2])

#Accessing element present in 3rd row

print(R[3.])
=Accessing alement present in 2nd column
print(R[.2])
Cutput: 12
coll col2 col3
11 12 13

owl rmow? ows mowd
6 9 12 15

Modification of the matyix
Assign a single element

In matrix medihication, the first method 1s to assion a single element to the matrix
at a particular position. By assignmg a new value to that pesition. the old value
will get replaced with the new one.

Svotax: matrixjn, mj=-y
Here, n and m ars the rows and columns of the element. respectively. And v s
the value which we assign to modify our matnx.

Example.
R < matrix(e(3:15), nrow =4, byrow = TRUE, dimnames = lisf(row npames. ¢o
1 names))

EAsstomine value 20 to the element at 3d roe and 2nd column
R[3.2]<-20
print(R)
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Cutput:

coll col2 col3
rowl 5 6 7
rowl 8 g 10
rowd 11 20 13
row4 14 15 16

Use of Relational Operator
=17]50
print(R)
cutput: coll col2 col3
rowl 3 6 7
row2 8 9 10

rowd 11 013
row4 14 1516

Addition of Rows and Columns
The cbind() and rbind() function ars used to add 3 column and 2 row
respectivaly.
Example:
R =- matrix(c{5:16), nrow =4. byrow = TRUE. dimnames = list(row names. ¢0
I pames))
zAdding row
rbind(R ¢(17,18.19))
print(R)
Onztput
coll col2 col3
rowl s 6 7
row2 8§ 9 10
rowd 11 12 13

row4 14 15 16
17 18 19

=Adding column
chind(R c{17.18:19 2())

prnt(R)
Cutput:

coll col2 col3
rowl 5 6 717
row2 8 9 1018
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row3 11 12 1319
rowd 14 15 1620

Matri i

In R, we can perform the mathematical operations an 2 mainx such as addition.
subtraction. multiplication. ete.

Example:
R < matrix(c(5:16). nrow = 4 neol=3)
S < matnix(ei1:12). orow =4 neol=3)

FAddition
sum=-R+5
print(sum)

#Subtraction
sub<-R-S
print(sub)

M ultiplication
mul<-R*3
print(oml)

ZDivision
div<-R'S
prit(div)

Output:

[.1] [.2] [.3]
[1.] 6 14 22
2] 8 16 24
[3.] 10 1826
4] 12 2028

1] 21 1.3]

1] 44 4
2] 44 4
3] 44 4
4] 44 4
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L11E2][3]
[.] 5 45 117

[2] 1260 140
[3.] 2177 165
[4] 3296 192

L1 121 3]
[1.] 5.000000 1.800000 1.444444

[2.] 3.000000 1666667 1.400000
[3.] 2.333333 1.571429 1.363636
[4.]2.000000 1.500000 1 333333

Applications of matrix

1. Matrix 15 the representation miethod whch helps m plotting common
survey things.

In robotics and automation, Matrices have the topmost elements for the
robot movements.

TJ

laa

. In computer-based application. matrices play a crucial rele m the creation
of realistic sestning motion

Array

In R arrays are the data: nl;l_jects which allow us to store data m more than two
dunensions. In R an array 1s created with the help of the arrav() function

This amey() function takes a veector as an mput and to create an array it uses
vectors values i the dim parameter.

For example- 1f we will create an arrav of dimension (2. 3. 4) then it will craate
4 rectangular matnees of 2 row and 3 columns.

Syniax:
array_name =- arrav(data, dim= (row_size, column_size, maftrices, dim_na
mes))

data: Tt 15 an nput vector which 18 given fo the armay.

Mairices: In R, the array consists of multt-dimensional ma
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row_size: This paramster defines the number of row elements which an array can
stors.

colmmn size: This parameter defmes the number of columns elements which an
arrav can stors:

dim names: This paramster 1s used to change the default names of rows and
columns.

Creation of an Amray
There are only two steps to crezle a matnix which are as follows

1. Inthe first step, we will create two vectors of diffsrent lenpths
2. Once our vectors-are created. we take these vectors as inputs to the amray.

Example:

#Creating two vectors of different lengths
vecl <=¢(1.3.3)
vec2 <-¢(10.11.12.13.14.15)

#Taking these vectors as input to the array
res <- arrayic(veel veed) dim—c(3 3.2))

print{res)
Output:
!'!1

L1 L2] [3]
fl.} 1 10 13
2] 3 11 14
[3] 5 12-15
:!.1 /

LU L2 13]
[} 1 10 13
(2] 3 11 14

[3] 5 12 15
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Naming rows and columns

In R we can give the names o the rows, columns. and matrices of the array. This
1 done with the help of the dim name paramster of the array() function

Example:
#Creating two vectors of different lengths
vecl <-¢(1.3.5)
vee? <¢(10.11.12,15.14.15)

#Inthializing names for rows. columns and matrices
col names <- o("Coll" "Col2" "Col3")
row names <- ¢{"Rowl” "Row2","Row3")
matrx names <- ¢"Matnix1" "Matrix2")

=Taking the vectors as mput to the array
res <-array(c(veel vec2) dim=c(2 3.2) dimnames=list{row_names col namss m
atrix names))
print{res)

Output:
. » Matrixl

Coll Col2 Col3
Rowl 1 10 13
Row2 3 11 14
Row3d 5 12 15

., Matrix2

Coll Cel2 Col3
Rowl 1 .10 13
Ei'm'z 3 11 14
Row3 5 12 15

Accessing array elements

The elements are accessed with the help ofthe index
Example: For the above creatad amay
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Printiras[3. .2]) #To print third row of second matrix
Oufput: 5 12 13

Print(res[32.2])  &To print third row second column element of 2*! matrix
Output: 12

Prmt(res] 2.1]) #To print second column element of 1™ matrix
Output: 10 11 12

Manipulation of elements

The array 15 made up matrices in multiple dimensions so that the operations on
elements of an array are carried out by aceessing slements of the matricas.
Exampla:
#Creating two vectors of different lengths
veel <:¢{1.3.5)
o2 <:¢(10.11,12.13,14.15)

#Taking the vectors as input to the arrayl
resl <- arravic(vecl vec2}).dim=c(2 3.1))

print(rasi)

=Creatimp two veotors of differsnt lengths
viecl <=c(8:4.7)
vee2 <-¢(16,73.48 46 36.73)

#Taking the vectors as input to the array2
res? <- anray(c(vecl.vec2) dim=c(3.3.1))
print{resl

={reatmng matrices from these arrays
res3 < matl-mat?
prini(ras3)

Crutput:
o |

L1213
[1,] 1 10 13
2] 3 11 14
3] 5 12 1%
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!:l]'

L1121 03]
[1.] 8 16 46
[2] 4 73 36
[3] 7 48 73

1] [-21 1531
[1,] 2 26 39
2.] 7 84 50

[3.] 12 60 88

Data Frame
A data frame 15 a two-dimensional arrav-hke structore or a table in which a
column contans values of one vanable. and rows contamns one set of values from
each column.
A data frame 15 a special case of the list m which each component has equal
length
A matrix can contain ong type of data. but a data frame can confamn different data
tvpes such as mumenc, character. factor. efe.

There are followine characteristics of a datz frame.

L

The columns name should be non-empty
The rows name should be unique.

o The data which is stored 1n 2 data frame can be & factor, numeric, or
character type.

Each column contains the same number of data 1tems:

i

0

How to create Data Frame
In R the data frames are created with the help of frame() function of data. This
Tunction contains the vectors of any tvpe such as numeric. character. or integer.

Example: we create a data frame that contams emploves id (integer vector).
emplovee name(character vector), salary(numeric vector). and startine dat=(Date)
# Creating the data frame

emip data<- data frams(

employee_1d=c¢ (1:3),

emploves name = c("Shubham" " Arpita" "Nishka"."Gunjan” " Sumit").

sal = 0(623.3.915.2.611.0.729.0.843 75,

starting date = as Date(c("2012-01-01", "2013-09-25"_"2014-11-15", "2014-
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05-11".
"2015-03-27")),
gtringsAsFactors = FALSE
)

= Prmting the data frame.
priat(emp.data)

Crutput:

emplovee id emplovee name sal  starting date
Shubham 623.30 2012-01-01

Arpita 915.20 2013-09-23

Nishka 611.00 2014-11-15

Gunjan 729.00 2014-05-11

Sumit 843.25 2015-03-17

B de T d e
A e T b s

To print the structure of data frame
# Printing the structure of data frame
str(emp.data)
Crutput:
‘data.frame’ : 5 obs. of 4 variables:
$emploves 1d ‘mt 12345
S employee name: chr "Shubham” "Arpita" "Nishka” "Gunjan" ...
$ sal ‘num 623 515611 729 843
S starting_date: Dafte, format: "2012-01-01" "2013-09-23" ...

Extractine data from Data Frame
We can extract the data in three ways which are as follows:
1. We can exiract the specific columns from a data frame usmg the column
name.

2. We can exfract the specific rows also from a data frame.
3. We can extract the specific rows corresponding te speeific columns.

Extracting the specific columns from a data frame

Example: For the sbove created data frame

= Extractine specific columns from a data frams
final = data frame{emp dataSemployee id emp dataSsal)
print{ final)
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Cutput:

emp.data.emplovee id emp.data.sal
623.30
515.20
611.00
729.00
843.25

Extracting the specific rows from a data frame

B e LA s

Example
# Extracting first row from a data frame-
final < emp data[1.]
print(final)
Output:
emplovee id emplovee name sal  starting date
1 Shubham 623.3 2012-01-01

Extracting specific rows corresponding to specific columns

Example:
= Extracting 2nd and 3rd row corresponding to the 1st and 4th column
final <~ emp.data[c(2 3).c(1.4]]
print{final)
Cutput:
employee_id starting date
2 1013-09-23
3 2014-11-15

Modification in Data Frame

It is possibla to add and dalete rows and columns to the data frame.
Examples Addme rows and columns

#Addme row m the data frame
x - hist(6."Vashali" 347 "2015-09-61")
rbind(zmp.data.x)
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Output: emplovee 1d employee name sal starting date
Shubham 623.30 2012-01-01

Arpita 515.20 2013-09-23

Nishka 611.00 2014-11-15

Gunjan  729.00 2014-05-11

Sumit  843.25 2015-03-27

Vaishali 547.00 2015-09-011

=t

&y L e fa

#Adding column in the data frame
v =- ¢("Moradabad", "Lucknow”_"Etah"."Sambhal" "Khurja")

cbind{emp.data Address=y)
Output:
emplovee id employee name sal stariing_date  Address 1

Shubham 623.30 2012-01-01 Aloradabad

2 Arpita 315.20 2013-909-23 Lucknow
3 Nishka  611.00  2014-11-15  Etah
4 Gunjan 729.00 2014-05-11 Sambhal
5 Sumit 843.25 2015-03-27 Khurja

Non X ic Y2l

Logical-values
Introduction to Logical-values _
* Logical-values can only take on two values: TRUE or FALSE.
* Logical-values represent hinary states lilee
- Ve
-=>0ne/Zern
* Logical-valnes are used to indicate whether a condition has been met or not.
TRUE and FALSE Notation
* Logical-values are represented azs TRUE and FATSE

* TRUE and FALSE ars abbreviated as T and F. respectively.

Assionine Logical-valies
* Example:
bl <- TRUE
b2 <-FALSE
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Creating Vectors
* Vectors can be filled with logical-values using T or F.
* Example:
ﬂﬁﬁ?f?{—ﬂfr;{JZEZE}

Vector Len_gfth
* You can determine fhe lensth of a vector using the "lencth function
* Example’

lengthimyvec) returns 3
A Logical Outcome: Relational Operators

Using Relational Operators

» Relational operators are used to find the relationship between two operands.
+ The output of relational exprassion 15 erther TRUE or FALSE,

* The 2 operands may be constants, variables or expredsions.

* There ara 6 relational operators:

Operator Meaning of Operator Example
= Greater than 4> 5 returns FALSE

< Less than 4 < 5 returns TRUE
b Greater than or equal to 4 >=3 retums FALSE
&= Lessthanor equalto  4<=35 retums TRUE
= Equalto 4 =15 returns FALSE
= Not equal to 4 '=5 retums TRUE

anv & all Functions
» anv() checkswhether at least one element 1n a vector meats a specific condition.
* It returns TRUE 1if any element satisfies the condition: otherwise. it returns
EALSE.

Exampia:
# Creafing a vector
vectorl <-¢(1.2.3.4.3)

# Checking if any element 15 greater than 3
result <- any(vectorl > 3)

Output:
TRUE
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» all() checks whether all elements in a vector mest a specific condition.

« 1t retumns TRUE if all elements satisfy the condition: otherwiss, it returns
FALSE
Example:

# Creating a vector
vector? <-¢(1, 2,3, 4.5)
# Checking if all elements are greater than 0
result <- all(vector2 > 0)
Output:
TRUE
Multiple Compatisons: Logical Operators
Using Logical Operators for Multiple Conditions
* Thess operators are used to perform logical operations like negation
conjunciion

and disjunction.

* The output of logical expression & either TRUE or FALSE.

Table 4-2: Logleal Opearators Comparlng Twe logleal Volues

Operatol Intot pretotion Resulis
TRUE & TRYE |S TRuE
. AND TRUE B FALEE I8 FALSE
[slamantwisal FRUSE B TRUE Is FALSE
PALE & TALSE [5 PaLtE
£ AND Same < § obovg
[stnigghe compuarison)
TRUE | TRUE & TRUE
OR TRUE [FALSE 1§ TRE
' [lemantwizal FALSE| TRYUE in TRUE
EALSEIFALSE In FALSE
OR .
I . Sams a3 | oboen
fsingle comparison]
) NET [TRSSE T FALSE
|THLSE |8 TRUE
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Short and Loeng Versions
* Thers are versions of logical operators: 1) Short versions 1) Long versions.
1) Short versions are for element-wise comparisons.
Short versions return multiple logical-values.
Eg: " &.'[
* Elemeni-wise comparisons are performed when comparing two vectors of equal
length.
* Element-wise companizons retum a vector of logical-values.
» Example

bl <-c[T.F.F)

B2 < ofF, T.F)

bl & b2 returns ‘[, F. F]
‘b1 | b2 retums [T. T.E].

1) Long verstons are for comparmg mdnndual values.

Long versions return a siale logical-value.

Eg && .|

* Using lone versons of logieal operators evaluates only the first pawr of logicals
two veciors.

» Example:
bl<-¢(T.E.F)
B2<-c(E. T. F)

‘bl && b2 returns F .
bl || b2 returns T

Logical Subsetting and Extraction
* Logical subsefting and exfraction mmvelve usmg logical condifions to select

elements

that satisfy a particular eriterion.

* You create g logical vector with TRUE and FALSE values based on the
conditzon.

*Then you use this vactor to subset or extract elements.
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Example:
# Creating a numeric vector
numeric vector <-¢(1. 2. 3.4.5)

= Lomeal subsatting to extract even numbers
even numbers <- numeric vector[pumeric vector %% 2 =={J]
Cutput:
24
Explanation of above program:
* We have a numeric vector called numerie_vector.
* We use the losical condition numeric vector %% 2 =0 to create a logical
vecior
with TRUE for even numbers and FALSE for odd numbers.
* We use thus logical vector for subsetting. resultmg m even_numbers contamning
only
the even slements from numeric_vector.

String
* A string 15 a data type.
» It 15 used to represent text or character data.
* Strines can consist of almost any combmation of characters, includme mumbers.
* Strings are commonly used for storing and manipulating textual mnformation.
For 2.g.- names, sentences, and t=xt-data extracted from files or databasss.

Creating a String
* You can create stings usmg single or double quotation marks.
* Example:
single guoted <- 'This 15'a smole-quoted string:’
double queted <-'"This 1= a double-quoted string

Finding String Length with nchar() "
+ nchar() can be used to determune the numbsr of characters in a oiven stnne.
* It calculates and returns the length of a string m terms of the number of
characters
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Example:
# Define a string
my_string <- "Hello, World!"

= Use nchat() to deternune the lencth of the sinne
strmg length < nchar{my  siring)

= Prmnt the result

cat("The lenoth of the strine 152" string leneth)
Output:

The length of the string is: 13

Explanation of above progrant

* We dzfine a stningmy string contammirie the text "Helle, World!".

» We use the nchar() function to caleulate the lenpth ofthe string. ncluding spaces
angd special characters.

» The result 15 storad in the strine lenoth variable.

* We then use cat{) to display the lengih of the string

Concatenation
Concatenation Funetions
* Two main funetions are used for concatenating strings: cat and paste .

1) Using the cat() Function
* catl) can be used for concatenating and printing strings with optional separators.
* Example: '
= Concatenate and pnnt two strines with a space separator
cat("Hello", "World™)

Output "Hello World"

2) Using the paste() Function
» paste() can be usad to concatenate multiple siringz mto one. with optional
separator and other arcuments.
Example:
Z Concatenate two strings with a space separator
concatenated <- paste("Hsllo", "World")
Cutput
"Hello World"
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cat() ys. paste()
+ ¢at() 1s usad for pnnting (displaymg) text to the consele.
It concatenates and prints its arguments with optional separators.
» pastel) 1s used for concatenatine strings into 4 single charactsr vector
The concatenated string can be assiened to a variable for further use.
It doesn't print directly to the console.

Separator (sep) Arsument
« Anoptional arpument sep’ 15 used as a separator between concatenatad strings:
* Example:
# Concatenate two sirings with a custom separator
concatenated <- paste("Hello". "World", sep="_")
#Output;
"Hello, World"
Backslash (1) Usage
* The backsiash (1) 15 used fo invoks an esc¢aps sequence.
* Escape sequences allow vou to enter characters that contro] the format and
spacing of the string.
Common Escape Sequences
“'m staris g newline.
it represents a horizontal tab.
b’ mvokes a backspace.
"\ 1z used to melude a smgle backslash
" mieludes a double quote.

Substrings and Matching
21 MWat

* Pattern matching allows vou to mnspect a given string to identifv smaller strings

within it

» subsir{) can be used fo extract substrings within a given string
Example

# Extracting a substring from a string

oriemal strine <-"Hello, World!"

substrine <- substr{original string start = L. stop = 3)
Cutput: '

"Hello"

sub() can be used for replacinig the first occurrence of a pattern within a string

Example:
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# Replacing the first occurrence of "apple™ with "banana™
text=<- "I Iike apples. but apples are red "
new text<- sub("apple", "banana", text)
Output:
i lik= bananas. but apples are red "

gsub() can be used for replacing all occurrences of a pattern within 4 string
Example:

# Replacing all occurrences of "apple" with "banana™

taxt <- "1 like apples. but apples are rad”

new taxt <- gsub("apple”. "banans", taxt)

Output:

I like bananas, but bananas are red."

Special Values

When a data set has missing observations or when a practically infinite number
15 caleulated the software has some unigue terms rassrved for these situations
Thev are:

1] NA (Not Available):- If the value is not dafine. data valus s out of range.
i such cazses NA values be printed as oufput.
Example:
X=-e(l2.D)
XI4]
Chatput: NA
2) INF and -INF: When a numbsr 1s to large for R to represent, the value 15
e1ven as Infinite.
Exampl’er
=1/0
Output: INF

3} Nan (Not a Number): In some sifuations, 1t is impossible to express the
r=sult of calculation using number, 1 such cases Nan 15 gven as the output.
Example: factorial(-66)

5

4) NTULL: This value 15 used to explieitly definie an empty entity
Example: f< - NULL
Print(f)

Output: NULL
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Classes:
InR, a ciass 15 a blueprmt or atemplate for creatme objects and debnme ther structire. atnbuates,

ard mathods (functions) that operate on those okyects.
o Classes and Objecis are basic concepts of Object-Oriented Programmung that revolve around
the real-life entities
e A class iz just a bluspnnt or a sketch of these obyects. It sepresents the set of properiss or
miethods that are common 1o all objects of on2 type.
* InR programwming. classes are used 1o define daia struciures and objects: They Goilaate the
creation of custom data tvpes and provide 2 way to bundle data and functiohs togethar
TYPES OF CLASSES
1)53 Class
2)84 Class
3)55 Class (Reference class)

53 Class:
* 53 classes are uimiple and flexible They don't enforce formal class defimnions

¢ Anobject is oiven 2 class atribute, allowme functions to deermme how to handle ot basad on
this attribote

» Creaung an 53 class mvolves using the class() fancrion and defiming methods that work with
obects of that class.

53 Class:Syntax

class name < hist(classname classmembers)

class name €Object | create obyect ame

Example:

student < list(srudent name = of " Ravi")age=(25.12))
student

Output:

Sname

[1] "Ram" "Ravi"

Sage
[1j2012

54 class: _
e 84 classes are more formal and structured compared to 53 They offer stricter defintions:
and encapsulation
¢ They use setClass() to define classes and setMethod() 1o defins methods
¢ Tocreate an obyect, we use the new() finction
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Svutax
setClass ("name of the class”. member vanable)

objectname €-new{classname value of the member vanable)

Objectnams=

Example:

£ create 2 class "Stmdemt_info" with three member varables

setClass{"Student Info" slots=listiname="character", age="numeric", GPA="numerc"))

= create an object of class
student] < new{"Student Tnfo”, name = "John" age =121, GPA=15)

= call studamt! chiject
studetit]

)
Output:

An object of class "student imfor”
Slot "natne”
[1] "Shubham”

Siot “aze"
[1]22

Slot “GRA™:
H]35
S5 class:

+ Reference Class isan mmprovement over 84 Class Here the methbds belone to the classes
are nmch similar to object-orienied classes of other lanouages,

¢ Defining a Reference class 15 similarto defining $4 classes,

+ Weuse mtﬂefflassl,‘) mstead of setClass()

Svmtax
Classpame €setRefClass(name of the class member varzble)

omectneme<-Classname|{ name of the class value of the member)
chjectname
Example:
# create a class "Smdem Info" with three member vaniables
Student_Info < safRefClass("Student Info”,
fields = hstiname ="character”, age = "numenic”, GPA = "numenc"))
= Stodert_ Infol) 1e our generator funetion wiich can be usad to create new objects
studert] < Student_Infoname="John", 3ze =21, GPA=35)
=call student] otyect
studest!
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Coercion

In R programmung, converting from ons object or daia type to another object or
data type 1s referred gs coercion.

Ther are hwo types of coercion. They ars:
Implicit coercion: This type of coercion occurs awtomatically

Example: The lozical value True will be treated as 1 and False will be treat=d as
Q.

Explicit coercion: This type of coercion can be done with the help of as mnteger,
as.logical ote . functons.

Example:

X < (0,103
Class (x)

Qutput: “numere’
as.nteger(x)
Class(x)

Onitput: “imteger™
as.complex(x)
Class(x)

Qutput: “complex™

sic nlotii »

The plet() function 1s used to draw pomts (markers) i1 a diagram.
The function takes parameters for specifving points i the diagram.
Parameter | specifies points on the x-axis.

Parameter 2 specifies pomnts on the v-axis.
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Example
Draw two points i the diagram one at position (1. 2)and one m position (8. 10):
1) plot(e{1. 8). c(3. 10))

gL
1
L]

a3

=M

y<o(3.7. 8.9, 12)

plot(x v)

L LS & &
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Diraw a Line

The plot() function aiso takes a type parameter with the value | {o draw a lme to
connaet all the points in the diagram:

plat(1-10. type="1")

Plot Labels
The plot() function also accept other paramesters. such as main xiab and yiab if
vou want to customze the graph with'a mam title and different labels for the x
and y-axis |

Example: plot(1:10. man="My Graph". xlab="Ths x-axis", vlab="The y axis")

Wy g
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iik

STATISTICAL COAMPU

8
v

plot(1:10, cex=2)

106. col="red")

Use cal="color" to add 2 color to the points:
Use cex=number to change the size of the pomis

Exaniple

plot(1-
Size

Example

Colors

:
:
:
w
:
:
=
:
o
:
:
:
&
1
:
m
:
5
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Point Shape

Use pch with 2 value from 0 to 25 to:change the pomnt shape format:

Example: plot(1:10. peh=23, cax=2)

o]

‘|

To change the colour of line

i

Example: plot(1:10, type="T", colour="blue")
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To change the width of the hne:
Example: plot(1:10, tvpe="1", lwd=2)

Il R e L S L e e

Aodule-01 questions

2 AMarks Questions:

Alodule-01

1. Wheo 15 mvented by R Program The file extension of R program
7 What 15 Operator ExpalmArithmetic operator m R

3.What are all the datatypes usmz mR

4. What are all thespecial values m R

5 What 15 data frame with syntax

IMarks Questions:

8iim=2)
£7-3-9

3!51'
15 .) —(5-2%)

1 To solve the egiation ysmz PENDAS Rule

2 To salve the equation using PEMDAS Rule:{
3 Whit are all the data strefures n R programmung

4 What are all the data rypes m R programmng
5.To mplement reverse a grven miamber usma rev() strsplit()
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5 Marks Questions:

1 Define Data frame with syntax. To create a data frame name “Student mnformation”
datz frame fizlds are Name. Age Class Mobile Number fillad with at least five data fields.
2 To mmplants calculator program usme arthmetic operators and switch statement m R

3 what 15 class Explam 83,84 S5 class (reference class)with syntax and example.

4 Explam Basic Plottine with example.

% Explam in detail Array data structures and Matric data structures syntax with sxample.

10 Marks Questions:

1-Exphan the featmres and Apphcation of R promrammung.

2. Explam Types Data structurss m Detail

3. Define operators explam types of operators with example

4. Define class and object Explain class and types with example promram

% Define varable constant daia types. To build one Hospaal service related R program
melude vanables and constants and data types
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