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STATISTICAL COMPUTINGAND R PROGRAMMING

MODULE-03
Stamsucs And Probabity, base data ssualization  probabilry, conmon probabidny
dstribuhons: common probabiity mass fimctwons, Bemoulh, bmomual posson dstmbutions,
cominon probability demsmy fimctons, wngprm  nomml  siudent’s t-distnbuion

Statistical computing: The statstral computmg & defined as the bond betwesn statstrs  and
computer scence & called Statstwal compumg
Statistics And Probability
e Statstics 5 the practice of tummg gaota mto mformation to wentify trends and
understand features of populitions.
o  Smmtes s senply defined as the study and nenpulation of data.
e Swmtstics 5 2 branch of mathematies that snolves colleenng anabzing mterpreting,
presentng and orgamne data
e It helps m understanding patterns, mabmg predictions, and dravwme conchisons fom
data by usmez vanous methods, tools, and techmques
sample: To fnd the mean of the marks obtamsd by each studemt m the class whose

strencth = 50,

There are twe main tvpes of statistics

1 Descrptive Statistics: It swolves summarzmez and descnbmz the featwres of a
dataset Measures suchasmean madmn mode, rarge, varance, and standard deviation
{21l under this category. Desenptive statistics help m orsaneme and presenting data to
understand g5 tl:iam characteristics.

Example:

ateal e sxample of deserptve sfatstrs m action

Imagme wou're workmg for a company that sells smarphones. You've collectad
data on the battery I (m hows) of a new model of smantphones. Your sozl =
to use descripine . statstics to summarize and understand fhoe datasst

Usmne deserptres statsties, vou can anahze ths dam:

Measures of Central Tendency:

Mean: Calculars the average banery b

Median: Find the muddle vahe when the data & arranesd m order

Measures of Dispersion:

Range: Determme the difference between the maxumm and monmum battery
L= vahes
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‘ STATISTICAL COMPUTING AND R PROGRAMMING
Standard Deviation: Measure the spread of the data-around the mean,

: Create a hstogram or boxplot to vmualize the dumbution of battery i \alues.
; 2 Inferential Statistics: This branch myvohes makmg mferences or predictions about
* 2 larger population based on a sample of data. It melides techmaues like hvpothesis
' testmo, regression agalvsss, and confidence mtervale Inferential statwtes helps m
,, dmwﬁ:g conclusions or makmg predictions bevord the mmedite data

Example:

: Inferemtial stabstics swolves makme misrences or predictions abowut a larger
population based on 5 sample of data Here's a real e example:

Example: Customer Satsfcuon Survey

. Imasme you're a marager at a retail store, and vou wait to asssss the overall

: satefaction of your customers regardmg the qualty of serwe Instead of

surveving evelv smole cistomst (which mwobr beswpracteal), vou decids t©
use mitrential statstics,
: Population: All costorners who wsg vour store.

: Sample: You randomly select a samiple of 200 customers and ask them 1o rate

ther satsfaction ona scale of 1 to 10,
g Types of Statistics
The two mam branches of statstees are

» Descriptive Statstics

o Inferentm! Statstes
: Descriptive Statistics — Through graphs or tabks, or numercal calculations, desenptne
statistics us=s the data to provide descriptions of the population
; Inferential Statistics — Based on the data samplk taken from the populaton mferential
statstics makes the predictons and inferences.
Cliacacteristics of Statistics
* The mportarg characterstics of Statetcs  are as fllows:
: »  Statstes are mmercally expressed.
¢ » It has an agoregate of facts
' o Data are collected 1 svstematic order
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o It should be comparable to sach other
* Data are collected for 2 planned purposs

EEREEE

: Importance of Statistics
~ The mportam fuwnhons of statshos are:
o Siatifis bils o pdiane imaten. aba e fmopat qonGhv G8
o Tt depicts the complex dara m graphical farm tabular form and n diagrammatic
: represematon o Understond o camby
" » It provides the exact desciption and a betier understanding
: o Ithelps m desinmg the effectne and proper plomne ofthe statsiical mqury m any
feld
' o It gress vahd wierences with the reliabiluy msasures abowt the popubton parameters
Fom the sample data
o Trhlps 5 uadeistand the vatability paitem throvgh fhe quantiafive cbservations
Variable in statistics: A vavigble & a characteristic of an ndividual in a population. the
vabe of which can ddfer betwesn emimties wrhin thar popuktion
: NOMERICAL VARBBLE: A muwmeric varable = one whose observations -are matwally recorded
: gs mumbers

There are two tvpes of numeric vanables:

1. Continucus and

2. Dperete
: 1.Continuous variable: A conrmuous varable can be recorded as anv walbe m some:
E mterval, up te any muober of decmals (which technically gives an mfinte mumber of
; possihle tahies, even if the comtinuum' & restricted i range).
: Example: f you were obserme ramfall amount 2 value of 15 mm would make s2nse.
‘ but so would 2 vahe of 1342135 mm Any degree of measwement precsion ones avalid
: obsenation
: 2.Discrete vamable: A dscrets vamsble. on the other hand, may take on only dstinct
: numeric valges—and o the rance ® restricted, then the mumber of possible values s
: fintte.
; Example: f vou were gbssrving the mimber of heads m 20 flips ofa com, only whole
mimbers would make sense. It would not make semse toobsere 1542135 heads, the
: JSSCACS 202324 ROOPA
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STATISTICAL COMPUTINGAND R PROGRAMMING
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possible ootcomes are restrictsd to the mtegers from 010 20 (m=lusive)

FEEE R RS

Cateorical  Varahles: momeric observations are conmion for many varsbles, t's alo mportant
to comsxler categonical vammbles

: o [ike some dscrete vamables, cate-goncal varables may ke onb ome of a finire
mmber of possibilities.

FEPEEEREAEEEE

EEEE

e Unlke dwscrete varmbles, however. categorcal obserations are not always

recorded as mumeric valies

EEEEERE

There are two tyvpes of categorical vanables

1 Nomunal

2 Orilinal

1. Nominal: Those that cannot be logically ranked are called nomunal

Example: A zood example of a categorcal-niominal varmble 5 sex In miost data sets, ¢ has
: o fized possble vales. mal and fmale, and the order of these categories s mrelevant
2.0rdinal: Categorical vamables tlet can be natorally ranksd are called ordmal
Example: admal varsble would be the dose of a druz. with the posable vales bw, mediem.
: and mgh These valies can be ordered o emher morezsing or decreasmg amounts, and the
ordermz might be relevam 1o the -research

FRETEEERE®

Usmanate amd Muluviriate Daha

Unmivariate: When decussing or amalyzing data related to only one dunension, you're
dealno with wirvariate data

BEdERIEE RS

Example, the weizht +amable m the earber example = wmranats smee each
: measurement can be sxpressed wrh one component—a smgle mmber.

Multivamate Dita
To consider data wnh respect to vanables that exst m more than one dimension (n other

1 words, wrxh more than one component or measurement associated with each
observation), your data are consdersd mudtivariare.

Population: defmed asthe entwe collecton of mdrexdnak or enmts of interest

i Parameter gr Statistic:

Parameter: The characterstics of that population are referred to as parameters.

EEEEEE

Statistic: They mav then cstmate the parameters of mgerest usmng the sample data—

EEE L]

and those estmates are the srarisitcs
Random variable: The random vanable = any finction that assion the mumenical valse at zach
- possible outcome. & called Random variahble
Types of Random vanable
1.Continuous random varable:
o A dscrete random varmble can take only & fmte pumber of distmet valpes such as O,
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1,2,3,4, .. and soon

e The probabilty dstbution of 2 random variable has a st of probabdimies compared
with sach of s possible valiss known as probabilty mass finction

: 2 Discreate random variable:

_ ¢ A mmencally valied vamble & said w becommuous £ m any untt of measnrement,
whenever # can take on the valies a and b.

o Iffis random vasiable X canassume an infinite and imcountable set of valuss, i 55 said
10 be a contrwous  random varable,

’ *  When X takes any vahe #a given mferval (2, b), it s said to be a continuous random
: vamable m twt mderval

Example: For msmnce, the height of mdividualks, the time it takesfor a compiter program
. to execute, or the temperaturs measured at a specific time:

Centraltv: Mean, Median, Mode

Measures of Central Tendency,
Mean, Median & Mode

FERATEE

Mode

Mean, Median, Mode Medlan
Mean

FERABFRIAFR IR BRI AR IR

; Measwres of cemtrality are commonly used to explam large collections of data by

: descrbing where numerne obseriations are cemtersd. One of the most common measures
of oAbty i AF ectese the aribinteris wiaan. s consil poadito be the cena) “balnncs

E pomt” of a collection of ohservations.

* Centraly measures: n statienics  descnbe the cemral tendency or tvpreal vale wrhin a damser
. The primary measures of centrality are the mean, median, and mode:

; 1:Mean: The mean often refmed to as the average, 1= cakulated by summng all vealies ma
: datas=t and drading the total by the number of valnes. It's sensgne to extreme valies (outhers)
and & suitable for symmetrically dswbuted data
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STATISTICAL COMPUTINGAND R PROGRAMMING

sumeof the observations E; ¥
Numbeyr of observations n

Example, if you obsen= the datz 2,44, 3,3,2,2.2. 2, 4 _the mean scabulated e this
D44+ £3424 225244
$ =2835

2, Median: median represemts the mid-valee of the gven s=t of data when amansed m a
partcular order
e Gren that the data collechon s arranged m ascendme or descendme order. the
Sllowing method 5 appled:
e [f number ofwalies or observanons m the mven data s odd, then the median s-grven
by [(=1)1 21t abservaton
o [Ifin the grven data set. the mumber of values or observatons 1= even, then the median &
oven by the average of (a )™ and [(n2) +1]1*observanon
Mediar—(n2)" and [2) ~1T"

)

Mode: The meode 15 smply the “most common”™ observation Ths statstic s mote affen used wth

mmerir-diaerete data thin with nomere < ontmucns

Example:

Consuder the E&]]Bmfmg dataset

{3.8.128368508} 38.12856R50.8}

To fmd the mode, we'll determme the value that appears most frequently n ths dataset
Step | Amanee the daminas:tnﬂmg crﬁlérwﬁc— the pattem mors

Step 2. Count how many tmmes =ach wale appfm

f#ppears 3 tmnes

appears 1 tmes

appears 4 tmes

T T - TR - R

appears 1 tmne
12 appears | tume
Step 3: Idenmndy the vaine(s) with the hishest Frequency
In ths case, the value 8 appears most frequently (4 uniss). so the mode of this dataser 15 &
Thersfore, for the dataset {5, 8,12, 8, 3,6, 8. 5. 0 8} the mode = &
Progl:Wre= R Program to summary descrptrve statstes.

JSSCACS 307324 ROOPA




STATISTICAL COMPUTINGAND R PROGRAMMING

1. Mean, Median, and Mode:
Exmple:
= Genterate 3 sample dats
data<-c{l12 1518, 2,23
mean(data)
Output: 174
= Meddan
median(data)
Output; 1B

% Mode [nsing the DescTook' package)
install packsigen("DescTosls")
libary [DescTook)
Mode{data)
Qutput: [1] NA
anr(;“freq”)
Output: [1] |

Srantiid Deviifion i Vasanoe:
Example:

e L T T R R

e L T e T PP T P T T TS

= Standard Devisten
sd{d=tz)
omiput: 3 74921
£ Vanance
var(data)
output: 15.8 :
Summary Statstucs:

summary{data)

Ourpat: Min_ lst Qo Aledisn Mean 3ed Qu. Max
26 30 1B 174 fﬂﬂ 20

JSSCACS 302124 ROOPA
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STATISTICAL COMPUTING AND R PROGRAMMING

Counts, Percentages, and Proportions

Counts:

': Courts smply refer 7o the mumber of ocowrrences or frequency of a parncular event or

. obsenaton m a dataset.

‘ Example: the count of heads m ten com fips. the coumt of peopk m different aze groups, or the
' count of cars passmg through atell booth m an howr

Percentages:

Perceniages express a pari of awholk as a fiaction of 100. They are cakculsied by takmg a part of
- the whole -and expressme #asa proporbon of 100

" Example: f 30 oat of 100 students like chocolate: the percentase of students who ke chocolare

¢ 30 .
' sﬁ *100 wiuch =qualke 30%

Proportions:
Proporions are ratios expressme the swe or fequency of one group relatne to the se ofthe
entwre dataset or another group
: They are calculsted by dividing the count of aspectfic event by the total count
Example: the proporton of red cars out of the total number of cars observad.
Quantiles, Percentiles, and the FiveNumber Summary
Quannies and percentiles are measwes ised o divide a dataset mto 2qual parts They belp m
understandmg the distrhution and spread of values wihin a dataset The fre-mumber summany 15
: a concse statstical summary that meludes the mmimum,  Sest quartle (Q1), medan (second
quartle, Q2), third quartle (G3), and mammum of a dataset
Quantiles: Quanties dride a datasst mto equal parts,

: Exampl

¢ Median (Second Quartile, Q2): Drades the data mio two equal hahes; 30% of the data
&l below and 30% above ths value

s Quartiles (Q1, Q2 Q3): Divides the dara mto four equal parts, where Q1 represerms the
vabie below which 25% of the data @l Q2 & the median and Q3 & the vahe below

- which 73% of the dath falls

: Percentiles:
JSSCACS 2023-24 ROOPA
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STATISTICAL COMPUTING AND R PROGRAMMING

Percentiles are a type of guannle - that drades the dam two 100 equal parts. For example:

¢ Median (50th percentils): Same as the median, diiding the datamio two =qual parts
* 25th percentile (First Quartile, Q1): Drvides the data imo four parts with 25% of the data

falling below:

» 75th percentile (Third Quartile, Q3): Drules the data mto four parts with 75% of the

data faling below:

The fie-mumber summary mchdes the mmmum meomum, median and guartles (Q1 and Q3)

ofa datasst It provides a quick overview of the data's center, spread. and outliers.
¢ QI (Fist Quartile): The wzhe beow whch 25% of the dam flls.
o Median (Second Quartile): The tmuddle walie of the datasst
* Q3 (Third Quartile); The valie below which 75% of the data &l
o Maximuni: The largest valie m the datasst

The fre-pumber summary 5 often used m box plots to wally represent the distrbution of the

data
Variance, Standard Devistion, and the Interquartile Rauge

Vanance:

* Vamance measures the spread or dispersion of a dataset around #s mean It quantifies

how nmuch the values m a datacet difer from the mean vale

¢ [It's calculated by averagmg the squared difierences between each data powrn and the

HEean

¢ Accordmg to lvmman' s words; the vanance s 3 measire of how far asst of data are

dispersed out fom thewr mean or averags vale [t is denoted as "o’
1

| (x —x)°
Variance = —

Standard deviations:
Standard Deviation=\Variancs

+ Formula for Variance (Population variance):

JRSCACS 2023-24
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STATISTICAL COMPUTING AND R PROCGRAMMING

Population

1)
Variance of = w

Standard deviation o=

Vanance Formmula:

The population varance formula s gnen by

gi= i’apuﬁ!ﬁm VErEncse

N = Number of observations m populstion

X; = th obzervaton m the population

u=Population mean

The sample varance mul s gien as:

s* = Sampl varance

n=Number of observations m sample

x = gh observaton m the sample

X= Sample
Standard

mean
Deviation Formula

The population standard dewiation formula s given as

o = Populahon standard deviahion

Sirularty,

the sampie standard dewiation formula 15

s = Sample standard dewiation

Qutliers

rEEEREEE

52_

Sample

EF:, ¢ (%, - %F

n-1

ZL (x, - %)

n=1

An outher = an obseranon that does not appear to T wih the rest of de data Tv s 2
notceably extreme <alie when compared with the bulk of the dam. m other words, an

anomaly.
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: Example:
outlier? 1o - oo
é O 0 DheED o & g
: B
! %
| % outlier?
! 2 U 2 a ]
: foa 84 , .
¥ A48 -0 -@s 0o (11 10
: b
: BASIC DATA VISUALIZATION
' Data vsualization = an mportant part of a statstical amalysis. The visualizatton tools
, approprste for @ gren data set are dependent upon the tipes of varables
¢ The pictorial represepiation of the daia s called data vsualizaton
: + Dats veualration 3 graphical representation of quantiatees mformation and data by wsme

e Dataviuabzation cemvert large and small data sets mto visuak, which £ sasvto understand
and process for hmnane
Bar plots and Pie charts
Bar pbts and pe charts are commonly used o vsualize qualifatve daa by category :
frequency :

FERABFRIAFR IR BRI AR IR

1.Bar plots: +
A barplot draws egher vertcal or horwontal bars, tvprally separated by whae space, to ;
vstalize frequencies accordmg to the relevant categores.
: There are two tpss of bar plots- hormonta! and vertcal which represent data points as ‘
Botimntat or veetiond) bam-ofeetin Yngle peopertimat o fha-vile of the dat #em
: o Abarchan s aprtorial repressmaton m whch monerical vahles of varmbles are
: represenied by length or hewis of Ines or rectangles  of equal width ‘
o Abar chart & used B summarizing a sef of cateporeal dam
o Inbar chart, the data i shown through rectanmular bars having the kensth of te bar
: propormional to the value of the varable. :
: s ymfax:
barplot(hxy,main, names ars col)
; JSSCACS 2324 ROOPA
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SNo Parsncter

1. H A vector or matrix which contains mumeric values usedin

the bar chart.
2) xlab A label forthe x-axis.

vlab A label for the y-axis.
4, main A title of the bar chart.

5. names.arg A vector ofnames that appear under each bat.

6. col It is used to give colors to the bars in the graph.

H<-¢(1235.54.3.41)

M<- o(Feb”, Mar","Apr". "May”, "Jun")
Example-

= Grmg the chart file a

pngifile = "bar_properties pne”)

#th;_‘g the bar chart

ha;pbiﬂi_&Hngth:%m',Fﬁ:%?nm’.mhfﬂteeﬂ'. mar="Revenus Bar

chart” border="red")
= Savmng the Gl=

dev.offf)
Ousput

—— e =1 =
1 = v

=
e e S E A
.-
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Group Bar Chart & Stacked Bar Chart

We can create bar charts with groups of bars and stacks uwsme matrices as mput valiss m each
bar One or more varables are represemed a5 a matrx that s wsedio construct oroup bar chans
and smckad bar charts.

Example:

months <= o Tan', "Feb”, Mar” "Apr”, "May") regions
= West". North”, "South™)

= Creamg the matrx of the alss

Vabes < matris(c(21.32.33.14 95 46,67,78.30.11.22 2394 15.16), mow =
ncol = 3, byrow = TRUE)

dad

# Gring the chart file a name
prgifile = "stacked chartpng”)

# Creating the bar chart

barplot(Values, mam = Total Reverme”, mamesarc = momts, xhb = Momh" viab =
Reverme", ccol =¢("cadetblnel"”, "deeppink? ", "poldenrad1”))

= Addmg the kzend to the chan

oend(topleft reoonscex =134l cadethlus3 ", "deeppink2 " "soldenrod] "))
# Saving the file
dev.off)

Output:

JSSCACS 2025-24 ROOPA
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R Pie Charts

A pe-charf & a representation of vahes m the orm of shices of a circle wath different colors.
Shres ars hbeled weth adsserphon and the: mumbers corresponding to 2ach sheeare ako shown m

the chart

The P chars are created with the help of pe () fnctionn whick takes posgne munbers as vector

mpat:
Syntax:

pie(X. Labels. Radms, Mam. Col Clockwise)

S.No Parameter Description

1. X
pie chart.

k-

describes the radius of the pie chart.

describes the title ofthe chart.

Lh

Col defines the colour paletie.

Labels are used 1o give the description 1o the slices.

6. Clockwise is @ logical value that indicates the clockwise or anti-
clockwise direction in which slices are drawn,

Example:

# Creating data for the graph.

X =-¢(20, 65.15. 50)
labels <-c¢("Inda". "America". "Shri Lanka". "Nepal")
# Giving the chart file a name.

png(file = "title_color.jpg")
ISSCACS 03-H
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s
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# Plotting the chart.
pie(x.labels. mam="Country Pie chart” ,colrambow(length(x)))

EEEE

# Saving the file.
dev.offi)
Output:

EEE EEREEE

EEEEERE

'T-nm—ﬁﬂe_cnbu-qu (I -4
+ = b L D =8 27 -

R Histogram

A hstopram 5 a typs of bar chart whyh shows the frequency of the mumber ofialies which
are comparad with acet of vales ranges.

EEEEE

The hstogram = used for the dsmbuton whersas a bar chant 5 used forcompanng diferent

: In the hstogram. sach bar represemts the heioht of the momber of values presemm the onen

EESEEEE SRS

: For creatme 3 hstogram. R provades hssy) fimetion, wiuwch takes a vector a8 anmpm
§ Syntax:
: hist{v, mzmn xiab, viab, xlim ylim breaks col border)

: JSSCACS 2023-24 ROOPA
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S.No Parameter

3. col

4. border
' xlab

)

;9. ' breaks

STATISTICAL COMPUTING AND R PROCGRAMMING

It is a vector that contains mumeric !.‘31!.1&::

It indicates the title ofthe chart.
It is used to set the color of the bars.

It is used to set the border color of each bar.

It 15 usad o describe the x-axis.

It is used to describe the y-axis,

It is used to specify the range of values on the x-axis.

It is used to specify the range of values on the y-axis.

It is used to mention the width of each bar.

£ Creating data for the graph.
v< ¢(1224.16.38.21 13 55,17 _39.10.60)
= Grmz ‘a name to the chart file.
pooifile = "hstogram chart png")

hist(v.xlab = Weight " viab="Frequency”,col ="green"border ="ted")

= Savme the fle
devoff)
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R Boxplot
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STATISTICAL COMPUTING AND R PROCGRAMMING

Boxplots are ameaswe of how well data = dsinbuted across a data set Ths drades the dataset

e W oS, ThE el A —— ML N—
Boxplot = ako weful m comparmg the distmbution of data m 2 dafa set by drawmg a boxplot
for each ofthem

R provides aboxplot]) fimetion to create a boxplst

SyEax

boxplotix. data notch varwawdth names mam)

1.
2.

Parameter

It is a vector or a formula.

Tt is the data frame.

L T e P T Y

3. notch It is a logical value set s true to draw a notch.
4. varwidth  Itis also a logical value setas true to draw the width
ofthe box same as the sample size.

5 names It is the group oflabels that will be printed under each
boxplot.

6. main It is used to give a title to the graph.
JSSCACS 2023-24 ROOPA
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STATISTICAL COMPUTING AND R PROGRAMNING
= Gpmg anane to the cham fil=
prgiiile = "boxplotpng”)
4 Plotting the chart

boxplotimpg ~cyl data =mecars. xiab = "Quanty of Cybnders”, viab =

"Miles Per Gallon”, mam =R Boxpbt Exanpik")

&0
|

gt
10§
1

o

|

|'

i 4f

¥ L]

(o, 50) (S0, 1D0OF {10, 1 5a)
& nbtivtiorrs doteclood

R Scatterplots

The scatter plots are us=d to compare varmblks A comparson between varsbles & requred

when we need to defime how muich one varable s affected by another varmble.

In a scatterplot, the data & represented as a collection ofpomts. Each pomt on the scatterplot

defines the values of the two varables.

One varimble & sclected for the vertical axis and other for the horzontal axis
Syntax:

plot(x. v. mam, xkb, yib, xlm yim  axes)

‘S.No Parameters
L X It 5 the dataset whose values are the horizontal
coordmates.

2. ¥ It is the dataset whose vahies are the vertical
coordinates.

JSSCACS 2023-24 ROO2A
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: 3. main It is the title of the graph.

: 4, xlab 1t is the label onthe horizontal axis.

: 5. ylab Tt is the label on the vertical axis.

6. xlim It is the limits ofthe x values which is used for
: plotting.

7. ylim It is the limits ofthe values ofy. which is used for
8. axes Tt indicates whether both axes should be drawn on

the plot.
: Example: In our examplk. we will use the dataser "micars”. which = thepredefined dataser

avathble m the R smwonment
=Fetchmg two colmms fom mivats
data <-mcars[.c{ Wt 'mpg)]

2 Grmg amame fo the chart file
pug(file = "scatterplot png”)

2 Plottmz the chart for cars with weght between 235 to 5 and mileape berween 15 and
30

FERABFRIAFR IR BRI AR IR

plot(x =dataSwi v ='d:am$mpg xlab = " Wewght", viab ="Miage" xim =c(2.3.5),vim =

c(15.30), mam ="Weght v/sMilage")
% Saving the file.dsvoff)

a
|
|

EFEEEEESE
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, Advantages of Data Visualzation m R:

: R has the follbbwmng advantages over other took for data veuahizanon:

s R offrs a broad collection of visumalization bhraries alonz wih sxtensive onlne

: ouglance on ther usage

o R ako offers data visualization in the form of 3D modek and multipans] charts

§ s Through R we can easdy customsze our data vsualization by chansing axes: fonfs,
: Egends annotatwons, and Bbel.

Disadvantages of Data Visualization in R:

: R ako has the Hllowing disadvantages:

' » R s only preferred for data visuahization when done -on an tdnadual standalone server.

» Data vismliztion vsmz R s slow for larse amounts of data as compared to other

JSSCACS 202524 ROOPA

courterparts.
PROBABILITY:
: A probabilty = 2 number that descobes the "magniude of chance™ associated with
. making a partcular obsenvation or statement
: It's ahvavs a number bemeen 0 and 1 (mclusive) and » offen expressed as 3 fraction.
: Exactly how you cakulate a probability depends on the definition of an evenr
Events aud Probability |

An evert typreally refrs 1o a spectfic outcome that can occim

To desenbe the chancs of event A actually occumringto use z probabilmy, denoted by

Br{ A). At the extremes, Pr( A) = ( supgésts 4 cannot occwr,

Pr{ 4) = 1 suozests that 4 ocowrs with complets cemamty
: Example: Lst’s sayv you roll asx-sdded., fir de Lot d bethe et Sou wll a5 0ra 6
: You can assume that each ouicome ona standard de has a probability of occummnsz 146 m
S ———
PrAs =1
; 6 6 3 :
: Probabilitv: Probability means possbilny. Tr s a branch of mathemates that deals weh the
occurrenes of a random event
. For example, when ve toss a com. esher we got Head OR Tal onlv two possible owtcomes
sre possible (D T). Buf when w0 cous aie tieacd then thers vall Be ur poubls
ouconess, ie (L H). (H D, (T H). (T. T)).

.
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: STATISTICAL COMPUTING AND R PROGRAMMING

Conditional Probability
; :
g The condtonal probability of an event B, assumung that the event A hashappensd.
i N
28 4="H" ). providedP( 4) =0
: B(4) 3
: oo :
s By="P T2 o idedr(sy =0
; P(3) :
Intersection
' The mtersection of two svents s wraten as PrCANB) and 15 read as "the probability
: that both A and B ocow smultansously ” | = common to represent ths as a Vemn
E dmgram as shown here
Hers, the disc bbelsd A regresents the outcome (or outcomes) that safisfies A and
‘ disc Borepresents the outcomes for B.
Pr{ 41 8) =P(4B) «PB) or  Pu3 4 +Pr( 4
to the dis example, what i the probability that on 2 sigle toss you roll an &wn
mumber and #'s 24 or more Usmg the fact that Pe(4(B) =23 and that Pr(B)

: =121 & #asv to compute

Br(4 7 B) =23*12=1/3
g R (23)%(172)

: [110.3333333
i |
: JSRCACS NB=H ROOP2A
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Union
The imion of two events is written as Pr{ AUB) and & read a5 “the proba bility
that A or B occurs.”™ Here » the representation of 2 unon as a Venn dagram-

Pr(4 U Bj = Pr(A) + P1(B) —Prid 7 B)

If two sets A and B are gren, then the wnion of A and B 5 =qual to the sot that confams al
the clemenis present m set A and set B. Ths operation can be represented as:
AUB=[cx€AorxEB) :

Whers x 15 the elements presers m both sets Aand B:

Example: fset A= (1234} and B {6.7)

Then, Union ofsets AUB={123467}

Pr{4 UB) =Prd)+PuB) —Prid N B)

To subtract the mrersection m ths dagram » that m summing Pr(4) and Pr(B) alone.
vou'd be icomectly counting Pr(AUB) twice

o it (A By =L b B

hRpogsme (127+(12)-(L3)

Complem et

The probablity of the complement of an event s mﬁh;n:nﬂPﬂ.E} and © read as the

that .4 does nor ocour™

Here it 5 as 2 Venn dagram:

JSSCACS 2023-24 ROOPA
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: STATISTICAL COMPUTING AND R PROGRAMMING
From this diszram vou can 2 the fallowing
’ Bid o= 1—7d4
: Wiapping up the unamg exmnple. #'s staghtorward to find the:probabiliy that you 6o not wlf 14 or
geater B4 = T1/2=1/2
: Random Variables and Probability Distributions
: In probabilty, a random wamble 5 areal valied fimction whose domam s the sangle space of :
the rarndom experanent
: e Arandomvariadle s avarable whose speede outcomes are assumed to arsehy chance or
; according to some random or sfochastic mechamsm
o Ttiieans Mt cach ouctitk of 4 Fandom ciperiett & Hespeited willi 4 skel Fel
: munber, and the sngle real mumber may vary with the ddferemt outcomess of a random
: experment Henece, #f & calbd a random varablk and gt & meenlly cpreemed by this
ktter X
: Forezample B & comsgler ansxpermmete D ©Ismg 2 com 6D meEs
E Hence, the sample space for ths experment 5 5= {HH. HT. TH, TT}
: X s a modom varable and o denotes the mumber of keads obtamed, then the valiss are .
: represciied = Bilbvs:
: XHH) =2, X(HI) =1, X(TH) =1, X(IT) =0. 3
; Simibirly, wecan defie the number of tail obiained using angther varabl, say Y.
(te) YC(HH) = 0. Y(HT) =1, Y(TH) = 1. Y(TI= 2. :
Two types of random variab les.
1. discrete random variable
: 2. Continuous random variable
1. Discragramiom vatiable: A direts fndec vaishE Sinte deficd s 3 ypé oFvatiable
; whose value depends upon the numencal owcomes of acertam random phenomenon It s ako .
‘ known asa stochaste varable
E Dscrete random varmbles are ahvavs whole mumbers, which are easidy coumtable. A '
probability mass fimction & used to descrbe the probabilty démbution of a discicte random
; varable. :
, Example: Supposs 2 dice are rolled and the random variable, X & used to represent the sum
: of the numibers. Then the smalest vale of X will be equal to 2. which is a resul of the
: outcomes 1+ 1 =2 and the hishest valye would be 12, winch = resulins from the outcomes
: JSSCACS 02374 ROOPA
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* 6+6=12 Thus. X could taks on anv value between 2 to 12 (mclusivel :
Mean Of Discrete Random Variable
The averaze vale of a random varmble & called the mean of a random varable. The mean is

: ako knovm as the expected walpe: It 5 penerallvy dspoted by E[X] where X s the rendom

varable

. Mean of a Discrete Random Varable: E[X] = ExPGL';x}

: Here P(X =x) is the probabilty mass fimetion
E Variance Of Discrete Random Vanable

. difference of the mndom ‘areblk fom e mean Tl varance of 3 random varmble 5 grven
by Var[X] or 522 If u & the mean then the orrmila ©r the andnce 5 gren a3 bllows

: « Variancs ofaDiscrete Random Variable: Var[X] = ¥(x — 1) P(X==x)

FERATEE

: Discrete Random Vanable — Tvpes
A decrete ranvlom wvaneblE 58 varsble - that can take on a fone mimber of distmct wales.
Forsxample. the mamber of chuildren m a iy can be represened wsmg 2 discrete random

wvarahls.

FERABFRIAFR IR BRI AR IR

1. Bermoulli Random Vanable

A Bemoulli random varable & the smplst type of random <ariable It can take only two
possible valies, 12, | 1o represemt asuceess and () o represeie a fadue. ‘

A Bemoulh mndom vambl s smwen by X~Bemoullip), whers p represerss the success "

: probabiity

N e PEFA=1 :
'é Probability mass imction P&_E}_[l—'pif:r:i] i
2. Binomial Random Variable
" A random variable that represents the munber of successes o a bmomial experment & knovwn
as a binomial random varmble, '
; A bromial expermment has a ficed mumber of repeated Bemoulls tmak and can only bave two

+ outcomes. L&, success or fallurs.

: JSSCACS B ROOBA
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: STATISTICAL COMPUTING AND R PROGRAMMING
* The mumber of tnals = gwven by nand the success probabilty & represented by p :
; A brmomal andom varabl, X writen as X~Bmingp)
’ The probabilty mass finction = oven %P{qu_-—.(:)P”q“"‘
; 3. Poisson Random Variable
: $
: A Porcon randoth vamabl # used to show how many timies an event will occur within 2 grven
’ tme perind These evens ocowr mdependently and at a comstamt e, The pamameter of a
; Posson dstribution s gwven by A which s alwvavs preater than 0.
- A Posson random vanable = represented as X~Posson(i)
E T '
: The probabiliy mass fimeiion s ooen by PX =x)= :
Continuous Random Variable
E o Contmucus random varable 5 a raadom sarabk thst can take on a contmuum of
_ valoes, In other words, a random varsble 5 sad o be commuons f 7.assumss 2 valoe
; o (Commuous random varmbles are-used to denote measurements such as heln, weight, ,
: According to the definition A contmuous random varmbl can be defined as 2 random
varmble that can take on an wfinge mumber of possible values.
the probabity that a comimious random varmbke will ke on an =xact vale = 0. '
o The cwnubtive distrbution finction and the probabilty densty finction are used ©
E describe the characterstics of a contmuous random varable .
g Suppose the probability demsgy fimction of a contrmous  random vamable, X & gven by 4%, i
where x € [0, 1]. The probabiliy that X takes on 2 valie between 12 and 1 needs w be
determmed  This can be done by intezrating 4 between 12 and | Thus, the requusd
probability & 1516,
: JSSCACS 02374 ROOPA
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PDF of Continuous Random Variable

~ The probabilgy densgy fimcton of 2 comtmuous random varmble can be defimed asa finction
that rves the probability that the valie of the random varable will fall benween 3 ranse of
; values.

Let X be the comtmuous random varable, then the fomula Br the pdf §%), & gren as Hllows:
£x) =2 = P

: where Fi(x) s the cumulanve dembuonion fmecton

é Forthe pdfofacomimous random vanable to bevald, @ must satsf the Dllowing condmons:
o Ju—wfods=] This means tat the tofal area under the raph ofthe pdfrust beequal fo L
o fix) =0 Ths mples that the probability densty fimction of a contruous  random varable
: cannot be negatree

CDF af Confiniiois Random Variabls

E The cumulstive dstribution finction of a comtmuous random variabk can be defermmed by

miczraiing the probabiny densay fincion
o Ttcan bedefined as the probability that the random varmble, X will fake ona vale that
1 lesser than or equal to 2 particular vales: x
¢ The formuk for the cdfofa commmous mndom vamabke. evalated between two pomts
aand b & gren belows

EE L ]

Pa<X =b)=F() -Fa)= [ f(x)dx

EEEEE

EESEEEE SRS

f(x) A

FEEEERS AR SRR S

R
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’ Mean of Continneus Random Variable

: The mean ofa contmupus random <arable can be defined “as the weghtsd Fvermse vale ofthe

: mandom vamable, X It & also knovwn as the expectanion of the contmuous randem vamable. The
; formuls = pren as Hllows:

- EX] =p=["_xf(x)dx

: Varance of Continuous Random Variable

3 The wmrance of z comtmuous random variable can be defined @s the expectaton of the squared
. differences fom the mean

' It belps 1o detenpome the depersion m the dstridnnion of the contmuous random varable with
respect to the mean

_ The fornmila & 'grven a8 follows:

Var(X) = %= [ (x — u)* f(x) dx

: Contmuous Randem Vanable Tipes

: A continnous random vanable s wsually wsed to model sitmations that mvolve
g measurements. For example. the possible values of the temperature on amv given dav.
§ Uniform Randem Vamnable/distribution
: A contrmous random vanable- that s used to describe a pnform dstrbution s known as a
unifirm random vanable Such a dembution desenbes svents that are equally leely to ocour.
The pdf of a unform randem varsble s as follows:
L
= {— ifa<x<b
fx=\b—ua
: 0 otherwise

E Flxd *

()
- b-a * ?
: o a =3 =

JSSCACS 202524 ROOPA
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: Normal Random Vanahle

: A contmmous random varable that & used to model a normal dsmbuton = known as a normal
random variable If the parameters of a nonmal detribution ate pren as X~N(u.o2) then the
; formula for the pdf s gnen as follows:

L1 tx—p) 2
4 x)= ET -

i f{'j G2N o

i where,

U = mean

G = standard deviation

o- =vamancs

: Continnous Random Variable Discrete Random Vanable

: The value of a contimiops random vamable | The valie ofa dicrete random varsbk & an =xact i

: fills between a range of valies value
: The probability demsmy fimection & z,_ A
_ The probabiity mass fincton = usad to descrbe 3 |
assocmted  wih a0 comtmpous  random _ ) '
dacrete random varmble
viad

A comtmuous random varisble - can take on | Such avarmble cantake ona finte mumber of dstnct
an mfinite number of valiss, vakies,
E The mean of 2 discrete random varabke s E[X] =Y
. Mean of 2 conmmpis  random vamble: » '

: T
E[X] = [e—smadimiaix] PR S, WHRE 0L 3 8 e bl s
: ' finction

The warbnee of a commmous random | The varncs ofa discrete random variable s VarfX]
vamable i Var(X) = fe—olm—u)2{xdx =Yix—-ufPX=x

: JSSCACS 2023-24 ROOBA
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Continuouws Random Varable Discrete Random Vanable

The examplks of a contmmous random
varable are uniform rfandom vamable.
exponsmmial  random  vanable.  normal
random varmble, and stndard normal
random varmble.

The examples of 2 dscrete random vammbk  are
binomal random  varabl,  scomemi  random
varable, Bemoullh mandom vanmable, and Posson
random varable

Common probabiiity distributions:
A probabiry dsuiumon specifies the probabilties of the possible outcomes of a random
varable The two bask types of random varabls are dscrete random vanables and contmuous
random varables: Discrete random vanables: take onat miost a countable oumber of possble
ouftomes
Two tvpss of common probability distmbution
1 Probability mazs fimction(PMEF)
2 Probabity demsny finctiondPDE)
1. Probability mass function(PMF):
¢ Probability mass fimction sn=s the probabiiy that a dscrere random varable wall be
exactly equal to a speciic value
¢ The probabilny mass fmcton 5 only wsed for descete random vamables:
e For confmmous random vanables, the probability densty fimction s used which is
amalogous to the probabilmy mass fimection
¢ The probability mass fimction provides all possble salses of a discrete random
varable aswell as the probabilities associated with #
o Lzt X be the discrete random variable. Then the forimls for the probability mass
imction fx), evalated atx & gren as follows:
fx) =P(X =x)
Probability Mass Function Properties
e P(X=x)=1x) >0 The imphes that for every clement x assocuted with a sample space,
all probabilmies must be postne.
s xrSExi=1 The sum of all probabinies associted with % walies ofa decrete random
varabl will be egual o L

JSSCACS 202524 ROOPA

I R R



P R L T e T Y

STATISTICAL COMPUTING AND R PROGRAMMING
* » P(XET)=7YxcThx) The probabdity assocwted weh an evemt T can be determwed by

: addme all the probabilties ofths x valnes m T This property & used to find the CDF of
: the dscrete random varable '
o the muvher of heads m the com tossss. The samiple space created & [HHL TH, HT. TT]. i

This shows that X can take the valies 0 (0o heads), 1 (1 head), and 2/(2 heads), The
probabilities of sach outcoms can be cakulated by dividing the mumber of Srvorable

: outcomss by the total number of owcomes. This gres us the Bllowing probabilities

PX=0)=1/4=025

: P(X=1)=2/4=05

: BX=2)=1/4=025

: o These vales canbe presented as gren below:,
« DProbabiity Mass Function Tabl

! o A probability mass fimction tabk displavs the vanous vales that can be taken up by

: the dscrete random varmble as well as the assocmisd probabities The pmf table of

‘ the com toss example can be wrten as llows:

x P(X =x)

0 0.25

: 1 05
2 025

o Thos, probability mass fmenon POX =0) owves the probabilty of X beine equal o Oas f

E 0.25

: Probability Mass Function Graph .

E P{X = u)A E

0.5 :

: 0.26 ¢ T

s : .

: JSSCACS 02374 ROOPA
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: The cummlative distribution:

: In cunmmlative distribution fimenon, the probabisy fimeton valie of a2 commuous random '
§ varabl = ks than or equal to tle argument of the fimcton
: The cummulative distribution function of a discrete random wvariable is given by the

: formula Fix) =P(X =x)
4 Bemoulli distnbufion

- - —— l
i Probabilifty mass imcton: P(X =x'_l=[ pifa

l—pifx=0
: 5. Binomial distribution
Probabiley mass fimetion PX=g=(")P*q"

: 6. Poisson distmbution

X

The probability mass finction s-gwen by B{X =x)== 5

=

« Example 2: The probabilty mass fincton mble Br arandom varabke X s onen as
follows:

FERABFRIAFR IR BRI AR IR

P(X=x) 0 0.1 0.2 0.3 04
—_— e ————— e a— E
o Find the vahe ofthe CDF, P(X <2).

Solution: (X = 2), can be computed by usmg the prf property POX € T) = TxeT#x)
P =)=PX=0)+PX=1-PX=2) |
=0=01+02
=0.3
Amswer: BX<2)=03
Probability Density Function
Probability demstty fimction defines the density of the probabiitv fhat 2 comtmuous random

sarpble wil le wibin o particdar rasee of valsss.

: To determine tins probabiley, we miszrate the probability demsity fimction between two

specsied ponms.

; |

: JSSCACS 02374 ROOPA
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, Sav we have a contmuows randam varable whose probabilty dematy fimetion 5 gnen by

: fflxy=x+2 vwhen 0=x=2

We want to find P05 <X <1) Then we mteorate =+ 2 within the Ime#s 0 5and 1

T gns w1375,

; Thuss, the probabdey that the commuous random vamable les between 03 and 181 375,
Probability Density Function of Continuous Random Variable

: Tt X'be the contimons. sandom vanable, then the Bl Sir the pdf Bx). & siven as Slows:
0 =22 = F(y)

where, F(x) is the cumulative distribution fimction

‘ Forthe pdfofacontmuous random wvdriablk o bevahd. # must satefy the blowing conditions:
o [ f(x)d==1 Tius means that the total area under the graph ofthe pdfmust be equal o 1
o £x) >0 Ths implies that the probability density function of 3 cormuons random variable

cannot be negative.
The cummlative distribution:
o Incomulative distribution fimction the probabiliry finctnon valie of a commuous
random varable & less than or equal o the arpumem of the fimchon
o tofind the probabiity that X les between lower it 'a” and upper it 'b' then vsins
the probabdity densgy function thes can be green as:

FERABFRIAFR IR BRI AR IR

P(a<X =b)=F(b) -F@) = [ f(x)dx
Here, F(b) and F(a) represent the cummlative distrbution finenon at band a

E respectvely.

7. Normal distribution

: . ) i Rl ®
: Probabilifymassfimction:f(x) = —e’=

H aZr T

) Uniform distribution

- ifa<x<b
: Probabilty miass fimetion: !Ix}‘:{b—ﬂ '

: 0 otherwise

g JSSCACS 2023-24 ROOPA
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Probability Mass Function

Probability Density Function

will tale on @ partculsr valse:

probabilty that a dscrete random varable

Probabilty demsdy finction ones the
probability thar 2 comtmmous andom
varabl-will ke betvesn s certam
spectfisd mi=rval

It 5 wsed for discreis - random vamables:

It & used for commous random
variahlss

It & svaluated at an exact pomt

It evaiuated between a range of values

The fommla for pmf & fx) =P(X=x)

The= formula for pdf 5 grven as p(x)
= dF(x)d== F(x), where F(x) = the
cumulative dsmbution fimchon

To determme the CDF. P(X = x). the
probability mass fmetion nesds to be
summed up © % valkbes

To determne the CDE. P(X = x). the
probabilty demsy functon needs to be
megrated from -xctox

Common Probahility Mass Functions
LB i Distributi

Bemoulll Dhstribution -2 specn! case of Bmomnl dstribution whete onbra smole- tra] 1

B e L R e T

EEEE RS

periomed. It 5 a dscrete probabiliiy dsmbuwion for a Bemmoulh wil (a nal that has only
two outcomes 1& eher successor fulire)

Forexample, In R # can be represerted as a com toss where the probabiity of setime the
head s 0.5 and gettmz atald = 0.5 Tt s a probabilny dstrbution of arandom vamable that
takes value 1 wih probability p and the valhie 0 wih probability g=1-p.

The probabilry mass fimeton foffhe dstmbution. . over posshl owcomes £ sonen by -

0 k=1
fikipl= J .
g=1l—p k=10,

Thes mean and vinanee wre dehmed as folloows, l't‘:‘.i|':l_t.‘('li'h.’_t‘.l‘l|':

px=p and oy =pll-p)

Mean and Vanance of Bemoulli Distnbution

The arstmetic mean of a barge mumber of mdependent realzations of the random vamable X
grves us the expected value or mean The expected vale canalso be thousht of asthe wetghtad

average. Gren below 5 the proof and foromls ©r the mean of a Bernoulll dismibution

EREEERES S

FEEEERE
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; STATISTICAL COMPUTING AND R PROGRAMMING
* Mean of Bermoulli Dismbution Proof:

- We know that for X

: PX=1)=p

L m=0=g

EX] =RB(X=1). 1<PX=0) 0

: EX]=p.1l=g 0

: EfX]=p

. Thus; the mean or expected valie - of a2 Bernoulli dstrbution & mven by E[X] =p.
' Variance of Bernoulli Distribution Proof:

: The warmnce can be defined as the difffrence of the mean of X- and the squars of the mean of

X Mathematically tus statement can be wrmen as follows:
o VX =ER) - (RO
‘ Usme the properties of E[X-], we-get,
E[X?] = Tx2P(X=x)
: EX]=F.p+0F.q=p
; Substihgmg the vale m Var[X] :E[XJ] - (E[X])* we have
Var[X] =p - &
=p(l -p)
: =§F-4
- Hence, the vanance of a Bemoulll dstmbution s Var[X] =p(l -pl=p . q
2) Binomial Distribution
Baioniial distribution m R is @ probability distribution veed m statistics
’ The bmomm! disoibution s a dscrete dstribwtzon and has only two outcomes 1€ success or
frfre All ¢ trilse are mdependem, the probabity of succsss remames the same and the
: previous oulcome does not affect the next cutcome.
: The cutcomes from different tials are ndependent Bmomial dstibuhion helps us to find
: the mdredual probabilities as well as cunmlative probabiities over a cemam range.
: JSSCACS 02374 ROOPA
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In mathematical tenms. for a dscrete random vanable X=x the bmoma! mass fincton 5

flxy= (::].-"’"‘“ =P k=00, .0

(rr. . nl
a alm =

The mean and variance are defined as follows;

where

px=np and oy =npl—p)

T e g

ey [run g b ortal_duitoiltion
Ner =X

= ——-%z;ﬁzﬁ . A

.___ﬁ. e

[~ Fi-mil

e o

- — (- =1 T
1= L3-D) Grail i
=ET = KT P

_ -1 fi"vﬁﬂ 7 5 —
=|nF = '“'"*‘,: PJ:-I ‘rn-z i
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The formula used to derive the
variance of binomial distribution is
Variance ¢ = E(x2) - [E(x)]2. Here we
first need to find E(x?), and [E(x)1Z and
then apply this back in the formula of
variance, to find the final expression.
The working for the derivation of
variance of the binomial distribution is

as follows.
Variance 62 = E(x2) - [E(x)]2
E{x®) =3 . %% P(x)

E(x®) =37 _[x+ (x— 1)x]. F(x)
E(x%) = Tx. P(x) + T(x - 1)x. P(x}
E{x*)=np+ Zx—Nx."C.. P*.q"™ "

i 2y = — n! - Fii=m,
ROE)=np 2t =N i © 9

!
{n— 2L x. (x=T03.(x—2M

n.{n=1.(n - 2)
[ln=2)—=({x=201L (x=2)1"
tn—2)4
[ln—=2) = (=20 {x—201"

E{HE) = np-+ ni{n —1). p=_ {p_;,_q]n—_‘.!

E{x3) =np+ 3Ix(x—1).

ExX*"})=np+3

E(xS)=np+nin-1Lp=3%

E{x®) =np + (n=. p= = np”). ()™=

E{x5) = np+ no. p* — np<

Let us substitute the values

E(x?) = np + n?.p® — np?, and
[E(x)]Z = (np)?, in the variance formula
to find the variance of the binomial
distribution.

VarianceG? = E(x2) - [E(x)]2

o’ =(np + n".p" — n.p7) —(np)*

of =np+ni.pt —n.p¥ —n".p"

o2 =np— nh.p~

o = np(l - @)

o = N

J p.l - qﬂ—‘i

I'J-::. pr—.!_ qln =—I[u=20

ps—z_ qdnv-::-—i.—zl
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; STATISTICAL COMPUTING AND R PROGRAMNMING
* In R programmmg lanouvage. the bmommal dismibution s a dscrete probability

: deinbution that modek the muimber of successes m a2 fmed mmber of mdependent

: Bemoullh wwmlk Fach tmal has two possble oufcomes: success or fiure, and the
: probabilty of success remams constant
The probabilry mass finction (PMF) of the binomml distribition i given by
e
: where:
: » 05 the number of rmk,
, s k= the mumber of successes
: * psthe probabdty of success moa smele tal
: e Cl(nx) s the bmomm! coefficent, which represents the mmber of
ways tochoose k
successes out of n sk, and & cabubated using the choose() fmcton
: nR
In R Promaruming Lansuage. there are 4 buit-in finctions fo for Bromial distrbution They
: ars:
: 1. dbinomix, size.prob):probability mass function
E Probabilifty mass fimction 'P{XqF[:)P:q“F=
Ths function ealculites the probability mass fncton (PMF) of the
bmomal dstribution

s x The mumber of successes.

e sizé. The total number of mak

» prob: The probabiity of succsss moa smele mal

Exanple:

dbmom(2, 3.0.4)
: 2. phinom(g, size,prob): cumulative distribution function (cdf):
Fik) =35 P(X =)
This fisetion calulstes the comilative dissbition Srction (CDF) ofthie
; bmomal dstrbution. 12 the probabilny of settng up to g successes,
' s a The mmmber of successes
o size: The total muiber of rials
e prob: The probability of success m a smgle trial
: JSSCACS 02374 ROOPA
i
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Exampls:

: pbirom{2, 3. 0.4)

EEE L]

- 3. gbinom(p, size, prob): Quantile Function
0 fp<l-—
: Qlp) = £ 3

: 1 ifp>21-p
This fmcnon cabulstes the quantle fncton (mverss CDF) of te bromial dissbution,
; ve.. the munber of successes that comresponds 102 grven probabisy:

: * p The probabilty.
: » swe: 1he total manber of tnels

: s prob: The probability of success m a smelke tmal

; Examplz:

gbmomi0 8, 5.0.4)

4. rhinom(n, size,prob):

This firction sensrates random sampls Fom 2 binomial distrbution

: e o The mumber of random samples fo generate.
» swe: The total number oftnaks
s prob: The probability of success m a smelke tmal

Example:

FERABFRIAFR IR BRI AR IR

thinom(10; ‘5, 0.4)
3 Poisson Functions

The Poisson dstributon represents the probability of a provided mumber of cassshappenmg m '

aset period of space ortime f these cases happen with an deniified constant mean rate,
: In mmthematcal temms: for a discrete random vernebl and a reabrstion =3 the Possson mass g
Fiction, Paanen asblows, White ApB & pisdicter ofthe ditbiion
At el =i
i floy=—"t—-— I1 P x=10u1....) :
i A $
: T he notation
- X ~ POISCL,) i

: OR

E T

The probabilty muss finction i gren by PN =x) ="

: JSSCACS 202324 ROOPA
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: l F _i r-.:_ == Vi :u;- b & r. — 4

Bult in function in Poissoin Distnbution

L.dpois(x, lamhda):

; ¢ The fimction calculstes the probabiity mass fnction (PMF) of the Poisson
; dstribution

i * x The number of events,

: e lamhda: The average sate of occurrence.

Example:
‘ dpois(2, lambda = 3)

: 2.ppois(q, lambda, lower.tail = TRUE):
The fimetion caleulates the copmmlative distmbotion Sinction L'L_TjF} of the Porzon
distrbution 12, the probability of gettmz up fo q events
» o The number of events.

lamhda: The gverage rate of occurrencs

lower tail: Logical, mdicatme whetherto calculate the lower tail probability (defauk s

TRUE), !

ppois(2, lambda =13) i

3.qpois(p, lambda, loweritail = TRUE):Quantile function $
The fimction calculstes the quanml finction (merse CDF) of the Ponson distrhution, 12,
the mumber of events that comresponds to a srven probabiiy, 3

FERATEE

FERABFRIAFR IR BRI AR IR

; ¢ - The probabilay ‘
- ¢ lambda The averape rate of pcourrence.
e lowertal Logral mdrating
: Exammple: :
: gpos(0.8, lambda =3) 3
* 4. rpois(n. lambda):random sampling
i The fim-tion generates random sampls from a Powsson distmbution :
: ¢ 1 Ths mmber of random samples o generate. s
§ o lambda: The averace rate of ocourrence.

: Example:

rposs(10, lambda = 3)

: JSSCACS 20253-24 ROOZA
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; STATISTICAL COMPUTING AND R PROGRAMAING
’ Common Probabilitv Density Functions

: Uniform Distribution

' The contmwous umform dstribution s ako feferred to as the probabiey dismibution Gf.;ﬂﬂ}'
random mmber selection fom the contmuous mterval defined between mtervals aand b
; A unibrm dstmbmtion holds the same probabday for the emire mterval Thos, ssplot s 2
rectansle, @nd therefore ot & offien refred o 3s rectanpuiar desmbuiion
' For a cantmnous sandom varabde a < X < b the oniform densin fuone
i tomy o
3 i = | !
: flay= 454 Bt 'l_ = {100
: 1) e i rwise
: The mean and vinriance are as [ollows:
H _“‘l'h . @ flI‘—".'TI-
: B = and Ty = v
Ty El&fﬂﬂ Mean and Baifonte D‘ U“%UMdLH
M @ | foode
i —Un
| - ]

= b ““a b th

i Ht@’rfaff@d&f 0
- b 1 "1890 A

d,

%
"‘*---—':..

= b—a

JSSCACS 2023-24 ROO2A
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Built in function of uniform distribution
: 1. Probability Densiiv Function:dun:l) method m R programmumng baouage s used ©
; cererate densiy fincton It calulates the miform densay fimction m R binguase m
the specified mterval (2 b).
Syntax:
dunifx mn =0, max =1, log =FALSE)
Parammster:
' X mput sEquEnce
log: mdicaror. of whether 1o display the ourpur vahies as probabilries
* Example:
dunif0 5, mn =0, max =1)
2. Cumulative probability distribution
The punif) method m R 5 used to cakphte the wmiform cumulatve dembumien
; finehon this & the probability of avarmblk X takme avale lower than x (that & x
Syvmaxpunii(q. min =0, max = 1, lower.tail = TRUE)
‘ o q: The valwe(s) at which 10 cakubte the €DF.
§ + min;: The lower bound of the mterval (default & §)
: « max: The upper bound of the mterval (default s 1)
: e lowertail: Logwal indicatms whether to cakulate the ower tall probabiity (defaul
: 5 TRUE).
Example:
pundf (0.7 pen =0, max = 1)
3. Quantils function :This fxiction cakultés the Guantle fnction (mwerse CDF) of
the undbrm dstmbution, 1e the value that corresponds 1o a gnen probabiity
E Svnatx: qunifip, min =0, max = 1. lewer.tail = TRUE)
¢ p: The probabiav(s) at wheh to caleulate the guantiles.
e min: The bwer bound of the irferval (defut & 0)
: e max: [k upper bound of the meenal (defulr 5 1)
e lowertail: Lomeal mdicatme whether to caleulate the lower tail probability
(defauk s TRUE),
: Example:
' qunED 8, mm =0 max=1)
: JSSCACS B ROOBA
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: 4.Randem sampling: The runif{) fimcton m R programmmng languege 5 used 1o gensrate a
: sequence of random filowme the uniform distrbution.

: nndin mm =0, max =1)

: Parameter.

= munber of random samples

: min—mimmum vale(by deful 0)

: Example:

10, i =0,k =1)

‘ Nommal Dsinbution & a probabilty fimction psed in stamstics that tells about howthe data
g vales are dembuted.

: Forexample. the hewght of the population. shoe size, IQ Ievel roling a dics, andmamy more.

It 5 generally observed that data dswibution 15 normal when there %5 a random collection of
data fom mdependent sowces. The graph producsd afier plotime the vale of the vanable
onx-axe and coum of the value on v-axs & bel-shaped curve graph

The graph sionifies that the peak poimt B the mean of the data s=t and half of the values of
data set b= on the left sule of the mean and other half lies on the nglt  part of the mean

FERABFRIAFR IR BRI AR IR

For a conunuons random vanable = < X < oo, the normal densin
lunction [ is
| (3= p)*
L2 L v '
r N 27 dar=

Mean=n Variance=o"

flyy =

EEEE EEEE L ]
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To Denve mean and Vanance of Normal Distnbution

L

- ) & &
Mean E2) (@) = fp Ao dx Lo e 5|
. ( G 2L~ diy
R = 3t dz| V5%
o dr = dw Vil
= e — I 4= e
_(E‘F'J-r) —— € -dux{aef| Vs
S 57 / )
A
= =+ {Cf—_ : w3
V& OB WH) o e
-t
= NI B s "1;-;7; 3
= (-welde ¥ ré el
i __:; ) I e )
1 j -y
- tedd Zunde
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= ’*:1’ 5&6-1 Az 2w odz
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Built in function of Normal Distribution:

: l.dnorm():This fimction calbulates the probabilty densiv finvtion (PDF) of the normal

: dstmbuien

Svmaty: dnomyx mean =0, 3d = 1)

x: The valie(s) at which fo evakiate ihe PDE,

. mean: The mean of the dsmbution (defmul = 0).

sd: The siandaid dcviban of the distibition. (Jebiik 1)

Examplk: dnormil, mean =2 sd=1)

: 2. pnorm(): function & the cunmbitive dstrbution fimcton wheh measwres the
; probability that a random mumber X takes avalie less than orequal tox

Syntax: pnom(q, mean =0, sd=1, lower.tail = TRUE)

- s q: The valus(s) arwhich to cakulate the CDF.

o mean: The e of the distiibution (deBil. & 0)

» sd: The standasd deviation of the distribution (defauk = 1)
s lowertail: Lomcal mdscatng whether to cakoulats the ower tail

: probabilry (defauk s TRUE),

Example:prormy(1, mean =2 sd=1)

A.gnomn():This fincton calculates the quantile Gmction (mverse CDF)

: of the normal dstbution. 1€, the vale that comesponds © azren probabihiy

FRaEE

: Syotax: guormip, mean =0, sd =1, lower.iail = TRUE)
s p:The probabiity(s) at which to calculate the quantiles:
e mean: The mean of the dsiobuton (defaulr & 0).
» - s5d: The standard devietion of the desimbuton: (defiuk = 1)
¢ lowertail Togcal mdieatmg whether to cakulate the lower mil
probabity (defnt s TRUE),
: gnom{{).8, mean =2 sd=1)
: 4.rmorm(): This fimction generates random samples fom a pormal detribion
’ Syntax: momEn. mean =0, sd=1)
»  meThe menher of random samples 10-generate:
o nisan: The e ofthe ditibiition (debik £.0),
»  sdiThe seandard deviation of the dismibuvion: (debuk 1),

: Example-
momy 10, mean=2_sd=1)

JSSCACS 202524 ROOPA
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STATISTICAL COMPUTING AND R PROGRAMMING

Student’s t-distribution

The Student's t-distnbution & 3 comtmwous probability distmbution generally used when
deatng wih statstics estmnated from a sample of data

Any parcular t-dstmbwion looks a lot lke the standard nommal dswibwwon— o's bell-

AR

shaped, svmwnetre and #'s centered onzero. The difference 1= that while a normisl distnbution :
:sn'pn:aih uvsed to deal with a populaton the t-dswbution deak with sample from a E
The probabilty densdy finction (PDF) of the t-distrbution with df degrees of E

freedom 1 grven by :

(4 —

fla) = i%‘ (I + ;?)
where

e dis the degrees of fSeedom and T g

o [ i the camma finenon.

n H

Mean=3 varanee= :
n—2 i

; R LTy B | 1o d{apl s T On 1 ;
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i ! G X 11 Eevr vkl :-n-,.-uiﬁﬂmﬂ Ll FE TR L ey gy ok J'-u.'-l‘I g
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(2 Hualent ' A s |'.'rﬂ.‘;|._'n-...l’ h:f Al sl At | é

de = :

L« "'Fl:_lr - _;:Jh - ) £ I \ E

‘.rl'.- r .9 _-Llrﬂ"fsr TN ik :-

St -‘*—\n T fé' = -sc,}-"* (8 A5 tir b, | et mends

. £ premp t2ladene tocForiis sl Sample Stapdacd R -
e dhe il .lr1.Pl|.- SPAe — N PQPU..U afipm Py A
15 Mean ) Bludatld d  cdour ety extiein

. If_f'.r_.c- nesin (.*“"‘) — ‘l,fd._p_ .;’.;;J_ug‘- ﬂfl E.ﬁn::lnm = ?-,,-:mﬁ:p .- o
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_?ﬂr _;f W"'Er, 3 ’.i"ﬁ-n -ﬂl-t. " le.can ﬂﬁ’ "f.— Por A0 3 df«fﬁ*—r,aq !. :
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STATISTICAL COMPUTING AND R PROGRAMMING

Built in function in student’s t distribution
Ldt():This fimction cakulstes the probabiity densiy fimeton (PDF) of the -
dsstribution
Symtax: diux df)
e x: The vals(s) at whch o saluate the PDE
e df: The dzgrees of freedom

Ezample:
dt(2, df = 10)
2Pty Ths finctoon calculstes the cunmlative distoburion function (CDF)of the t-
dsmbution, e the probabdity of gettme 2vale wptog:
Syniax: pt(q. df. lower.tail = TRUE)
q: The value(s) ar which to cakulite th= CDF.
df: The degrees of freedom
lowertail: Logical mdrcatng whether to cakulate the lower tail probabiny (defaul
& TRUE).
FExample-
pr(2. df=10)
A.qt():This fmcoon calculates the guantle. fmction (mvess CDF) ofthe -
dstrbution, 1e. the vale that corresponds to agen probability.
Swynfax gtlp, df lovertml =TRLUE)
s p: The probabiry(s) atwinch to caleulsie the quantiles
e df The deorees of freedom
¢ lower.tail: Logical mdicatmz whether to caiculste the lower
talprobabilry (default 8 TRUE)
Example:
g0 8, df=10)
4at():Ths fimcton sencrates random sampks fom a t-dsmbmon
Symtax:rtin. df)
n: The mimber of random samples to gensrate.
df: The degrees of feedom
Example:
(10, df= 1)
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STATISTICAL COMPUTING AND R PROGRAMMING
MODULE 3 QUESTIONS

: 2 marks questions:

1 What s statistics.

2 What & probability.

3 What s Probability demsty fmetion

: 4 what & statstiea] compuhng

S what & probability mass fimction

3 marks questions:

’ 1| What s statstical computng Exphin Types of statstics

: 2 What s random varable. Explan Tvpes of random varable.

3 Expliin stadenfs ditrbution

4.define Bernoulli dswbuton Derme Bemoulli distribution mean

5 Bvgiliin Probiabiliy deity Siiction wilh tiee dumbition,

_ 3 marks questions:

1 What = Bemmoullh Dstrbution’ Wrsfe Bemoulli dstribmtion mass finction  Derne

: Bemoulli dstobution mean (u.)=p and vamance (g7} =pq

2 define data visubition Explun pe charts, Bar charts, Hutogram with example.

3 Derre bmomm! dembution nean

4 Explain probability dessty fmetion and thres dstrbution of densty fimction m stavsts.
3 Peme wmiiorm: dstribution of mean and varmnce.

G Explam Bmomm!l dswibaton budtm finctons.

10 marks guestions:

EE L ]

1. Wrge a R program To find meanmeadan vanancerange usmg fnction

2 To derne mean (p.) and varines (o7 jofthe poksion distribution

3 To mplent bmomsal dstrbution vamance{c-)=npg usmg probabilty mass fincton
4 Derve Nommal dembution Medn dnd wanance

EEEEE

EESEEEE SRS

3. wrks a R program to mplkent usmg bemoulli binomnal posson dstribution mean and

Valisice.

EEEE EEEE FEEEERS AR SRR S

JSSCACS 2023-24 ROO2A

-
»

L L T B R L] - - T Lt T



