Y WY YWYW.
Q& data anaLytics b
4. 000 e
LLLLLLL
Y WY VWW.
L @ Gt
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Dota l\m\%ﬁcs

© L levelt of analptes

a types of Data Ané[ytlés

Value

What is the data telling you?
Descriptive: What’s happening in my business?
*  Comprehensive, accurste and live data
*  Effective visualisation
Diagnostic: Why s it happening?
*  Ability to drill down to the root-cause
= Abllity to isolate all confounding information
Predictive: What’s Illn.-ly to happen?
. ined fairly i over time
+  Historical omms bemg used to predict specific outcomes

using algorithms
+  Decisions are automated using algorithms and technology

Prescriptive: What do | need to do?

. d actions and based on ion /
challenger testing strategy outcomes
. plying ad) d analytical techni to make specific
recommendations
Complexity a Principa
WAV PIINCIDa.Co. 23

* Dato am\“ﬁcs \ife wcle

Data Analytics Lifecycle

(l- D6 § have enatgh
Infarmatianto
draft an anatytic.

’3 e

m o
faijed. h m

Dot Sources

* Web data
+ Transoch ong

~

3

-

1

..g
%‘is

© vibhas notes 2021



Daia

* (ollection of oxtriburec owd objecte

Mtriowtes:. Lolumne
Dbjeckt | recovds: rows

T\Sves of aktributes
i Nowinal: no fonting [ erder
\D, eye colour, 2ip codeg

(1) Ordinal: erder wotters , vio abso\ure difference between values
fonLings, grodes, hei&v\\— Crall, mediom, shert)

(i) Tnrervo): dfberences Mo.o.v\'\v\&h\ , o absoluke zeyro
talewdar dates, 'C ) °F

(V) RoXio: oM wodhematical operationg alMowed
Kelwin, elapsed Yime

variable
/ \
Qualirative Quantitative
/
NOMII\{ ‘&DWAL INTERVAL RATIO
ckzsm i{\ o\::r&e/ co/nﬂnuws

nwuwerical

© vibhas notes 2021



DATA REPRESENTATIONS

I Structured
described ‘v o modrix/ data  strucure  format

velational dorabases

2. Unctrutiured
no fixed strutture for the dota
douwments tweets, videog

3. Semi- $hructured
© tombinahen of the 4wo
* ewails, XML

* Relational records
Document data

*© wWww
Social  netevYwe

Video: sequence of imowes
femporal data: fime sexies
Sequential data: fravtactions, genefic  seqmence® vibhas notes 2021



S?ah'a\ data: mops
Imuﬁes ond Video

tollechion of recwsrds (rows)

Tid Refund Marital Taxable

W O NS W N -

-
o

Status

Yes Single

Income Cheat

125K |No

No Married [100K  |No

No Single

70K [No

Yes Marned |120K ‘ No
No Divorced |95K |Yes
No Married  |60K 1 No
Yes  |Divorced (220K  [No

No Single 85K |Yes
No Married | 75K |No
No Single [90K  |Yes

Dotad ob“)ed-s ore pointe n  MuIK-dimensionol space
Cadn dimension one oatiribute

Projection Projection Distance Load | Thickness
of x Load of y load
10.23 527 15.22 27 1.2
12.65 6.25 16.22 2.2 1.1

ot Yermy 8 an atkvibulre
Voalue: numbver o occurences of wevd w  document
In WoYd ocuurrences

Simlarity between documents: difference

lmod o Sguaved)

- o -3 3

g g 2| g B 52 3

3 R § 3 52 i g 5
Document 1 3 0 5 0 2 6 0 2 (4] 2
Document 2 ] 7 0 2 1 0 0 3 0 0
Document 3 0 1 0 0 1 2 2 0 3 0

© vibhas notes 2021




Specio\ \eind of rewvd
Codn reword s tromsachion — Set  of items

. 63: cocery &vore
Bread, Coke, Milk

Beer, Bread

Beer, Coke, Diaper, Milk
Beer, Bread, Diaper, Milk
Coke, Diaper, Milk

—

N W

* Subject - oriented, inkegrated, time- variant oand non-volatle collettion

of data
Specific  colleckion of dota for & domain
Ao called daron cube

.

Date ( Total annual sales }
o‘} 1Qtr  2Qtr 3Qtr  4Qtr sumiof}lmj'—s“b"
y NV />
e - - s (£
¢ FC p 7z 7 7 US.A
Ve 7 7 7 7 .
b a / | Canada *'é
=
: <
JA[ Mexico ©
sum

© vibhas notes 2021



T_\é?im\ OLAP COn\ine Pn\a\\_{\"dm\ ?cocess'mgp O?emksv»s

On dato cubes

The OLAP process

How data is prepared for online analytical processing (OLAP)

)
Oata son ey
ﬁ
Data seurte User
e ™

Data sourc

I Roll up Cdrill up)

" Sumwarise | agoregafe dota by Uimbing up Werafchy
* Dimension veduction

Gy ongreopte From day-> week 9 wonth 3 year

g

Roll UP .

"~

o o

o
-~ w

Time
(Quarter)

Mobile Modem Phone Security
item(types)

roll-up on location /
(from cities to

&
g

14 | 400

(=
]

8

Time
(Quarter)

2

Mobile Modem Phone Security
item(types)

© vibhas notes 2021



2. Deill down Croll doww)
* Wom w\bs\er level summaru fo lower \evel summary
* Introduce dimensions and detail
* Finer sr&nu\ari
. 63-. WMOps  oF Con¥inent - tountry —» state - iy = threet levels
" Repoce imo.ﬂe with ~ofe derailed imacbe boted on \evel
of zoom
Mutk have dota for finest granularity 5 cannot genemie
dato. down the \odder

Drill Down

4
3. Slice and dice
© Slce e wibe
* Project and Seleck
o
: Dice
Slice é
,\‘_\.;1‘ Chicago = .
J& New York /szn/ [
Toronto 395
Vancouver
_ar) s fass | s 400 |
i @
@
o
Mobile Modem Phone Security
Remitypes)
slice
for time ‘
=Q1" ~
l .;-‘?:# Chicago
\»&@Q New York ,{wa e
5 Chicago v‘mu:::mo 35/ /I
§§ NewYork| qt| w5 [z 14 | a0
S Toronte < '
" Voncower |5 |15 | 4 | 4w i3 ﬁil‘ { as notes 2021
Mobile Mod::?h"'r:::;Sétumy € L‘#'il

Mobile Modem Phone Security



&. Pivo¥ (rotoXe)

Reorient e wbe witnowy t)z\amg’u\«\% s
* 3D fo seriet of 2p planes

Temperature

Chicago
-
§ i Nevw York|
g § Toronta
Vancouver| 605 | 825 | 14 400
Mobile Modem Phone Security
Item (types)
Pivot @
Mobile 5
Modem as
Item
(types) Phone 14
Security| 400

Chicago New Toronto Vancouver
York

Location (cities)

S. Deill ocvogs
Dnvolving mofe  #nan Ore fact tode [ data culoe

6. Drill Yavo

Oril  down ﬂ\mv«O\r\ bottom of ¥ie cube 1o itk bockend
relarional tables
D& ogueries (SQL)

© vibhas notes 2021



1. Nominal Scale
. q,un\ihhve data
. mtzaoﬁca\ variables

2. Ordina\ tcale
* value of data from ovdered sev

* nuwericd  or cah.aoﬁ cal

3. Tnterval Scale

* Value thosen from

* no obsolure 2evo

" By temp n Celsius, \Q

4. Rarno Scale

interval gey

© roXos can loe mean‘me)ﬁ:«\\a computed
* absolute 2evo

Attribute
Type

Nominal

Ordinal

Interval

Ratio

Description

The values of a nominal attribute
are just different names, i.c.,
nominal attributes provide only
enough information to distinguish
one object from another. (=, #)

The values of an ordinal attribute
provide enough information to order

objects. (<, >)

For interval attributes, the

differences between values are

meaningful, i.¢., a unit of

measurement exists. (+,-)

For ratio variables, both differences
and ratios are meaningful. (*, /)

Examples

zip codes, employee

ID numbers, eye color,

sex: {male, female |

hardness of minerals,
tgoad, better; best},
grades, street numbers

calendar dates,
temperature in Celsius
or Fahrenheit

temperature in Kelvin,
monetary quantities,
counts, age, mass,
length, electrical
current

Operations

mode, entropy.
contingency
correlation, y? test

median,
percentiles, rank
correlation, run
tests, sign tests

mean, standard
deviation, Pearson's
correlation, t and F
tests

geometric mean,
harmonic mean,
percent variation

© vibhas notes 2021



Interval ve Rakio
Features Interval scale Ratio scale
: A Ratio scale has all the characteristics
All variables measured in an Interval i 5 o
of an interval scale, in addition, to be
Variable scale can be added, subtracted, and s ¢
To able to calculate ratios. That is, you
property multiplied. You cannot calculate a |
vatio Botwesr e can leverage numbers on the scale
: against 0.
gf;;;:om;g:_ ::;';:e:;a:::a]e L The ratio scale has an absolute zero
Absolute : 0.9 or character of origin. Height and
temperature can be below 0 degrees %
Point Zero . weight cannot be zero or below zero.
Celsius and into negative k X
(Zero means ‘nothing'.)
temperatures.
X Statistically, in an interval scale, the Statlstlce‘ally. a ratiq scale, the
Calculation 7 7 % geometric or harmonic mean is
arithmetic mean is calculated.
calculated.
Interval scale can measure size and Ratio scale can measure size and
Measurement magnitude as multiple factors of a magnitude as a factor of one defined
defined unit. unit in terms of another.
A classic example of an interval scale
is the temperature in Celsius. The Classic examples of a ratio scale are
Example difference in temperature between 50 any variable that possesses an
P degrees and 60 degrees is 10 absolute zero characteristic, like age,
degrees; this is the same difference weight, height, or sales figures.
between 70 degrees and 80 degrees.
Attribute Transformation Comments
Level
Nominal Any permutation of values If all employee ID numbers
were reassigned, would it make
any difference?

Ordinal An order preserving change of values, An attribute encompassing the
ie. notion of good, better best can be
new value = ffold value) a\wmﬁg represented equally well by the

=R B z values {1,2,3} orby {0.5, 1, 10}.
where /'is a monotonic function. 7‘
Interval new value =a * old_value + b where a Thus, the Fahrenheit and Celsius
and b are constants temperature scales differ in terms
of where their zero value is and the
size of a unit (degree).
Ratio ng“"\'u]ug =a* ()[d_\,'[,/“p Lcnglh can be measured in meters

or feet.

mor\o*on'\m\\b increasing - W 2, , &) 2 £
© vibhas notes 2021



DATA TIPES

1. Crogs- Sectional Stud
data. fcom many  variables of intevest ot the SLame Yime

& Time-Series Datoo
+ dara collecred fov Sinple variable over Sevara)l intervalg

longitudinal stwdy : Same parameter ovel wultiple tmestamps
(Simnilar)

3. %me\ Dot
dato collected €o¢  mu\hiple wvarioblec (dimensime over
Seveval Yime nvervals
o\So called (onoitudinal
Es-. Ponel of weol\th ?cme\ Yes¥s

+ Preliminar etv\om\-im\ of daa
* Summory ghahithes, viswalitation

© Frequenty | locakion | spread
Location — mean | Spread- standard deviotion

© Glenlared i o tingle past thcowgh data Cuswally

© vibhas notes 2021



TVPES of DES(RPTIVE STRTS

[. Ore)av\ise, Oato

© frequeney  distribukions
relative freguency distriwhions

© bat chatt, Wi s\'oﬂmm
stem % leaf plok, boy % whitker plot

frequ enty  polyaon

2. Summ&ﬁgi% Dot

* mean (pop: s sample: XD M 2 elx]
wedion
mode (unimodal ;| wu\timodar)

* pevcentile

¢ TAV\%C

{<{'R
variane e ? /\ 6 /I\

trandard deviotton
Stew 2 €L (x-w*]
Luroosis 2 € CLx—/,a“]

© vibhas notes 2021



S'aw\p\e ?o?u\\oc\'( on

X /.L
- 2,} N
X=1 2% = 1

n ¢= /L N i=1
Sample ?o?u\w\'\'on

¢ ot

0 .\ N
=0\ 9 O -T) o= 1 5 (-

N N =i

P wlnt)  for ™ percentile
100

© vibhas notes 2021



Moymaf —————

DISTR\BVTION
X~ N( M, o)
2
=L [ =M
paf - f(x)=;e_%( S )
ano*

© Anu vole \s ~b§/ likely o be within | ttandard deviation

of the mean (pm-0, pto)

© ~45) likely +o oo within & tandard deviahns of +he mean
[/A/Q(s—’ /A"'lr)

~49.7-) likely %o be within 3 shandard devietions of +the
mean (/44-—36",//\-(—36')

Multidimensiona) - covariomce wankvix

varionee = & = E( (R@IL-RY)

S = wvariance wakix  (Fol muMivariate bGoausians)

B (L mmd)

© vibhas notes 2021



R [('1.74,)’ @) 00~ o) ]
(x,- /AA,)('I,_’}A-D C”(,.‘}h) 2K
: [ € ('1.—/401 e Cx‘—/m(vl,—/;\,)) ]
€ ( (-5 -my)) AR 22

Z)"[o-ll 6;7.]
61 o

IF A 4% ore &\'a’n'sHmlla independent

“[5 2]

3

Proboaloility of finding o vandomly teleded volue in aOn
inkerval A Flom is ak leasy | - |

k"l»

g: Amount spent per month by a segment of credit card
users of a bank has a mean value of 12000 and
standard deviation of 2000. Calculate the

proportion of customers who are spending between
8000 and 160007

X = lA000 &= 000

X+ A8 = |- 1
a‘)—

= at least 3
© vibhas r%tes 2021



degrees of £reedom

+ No. of ic\o\e‘)eﬂden’f variob\es in  ¥Yne wodel

- If we are 4o  ontruct o st of N nawbers  with o
gven wean, we hove the freedom o droose N\ of Yhem

© the ¥ one wwsk e Lired (dependent on  ¥ae  other
Nn-\  auwberg

Degreet of Areedom = n-|

Tf ¥ere are n observahions in the Soawple and \ parawmeters
estimated from W, Yhere ace nw-k degrees of 4reedom

— e, —

OF SHAPE

measure of &‘Amw\e—hra w0 dotouget (3“‘ moment)

&omme’cﬁc dataset: equal ?ro?cﬁ'\m of data \5‘“& in ¥he

infervals Cu-iko, i) and Gu, st o), where L is some
positive  conthrant

SINL AN

positive  skew n%uﬁ@wibrﬁsewtes 2021




Peavson's woment woefficient for skewnese fof o dotaset
with n  obgervahene & (o can be eshmated with ¢)

2 (% - %)

no3

& "

If g, is positive, it indicates positive swewness and i ix
W neﬁoﬂive, i indicotes hee)aﬂve swewness

Following fsyvwawla u\sua\\a used for & Sample  with o
observations

G s J_V\f:\—‘;:) %\

As N increages | Jn(n-l} torwerges fo |\ ond  the
value of {4, =g, n-2

" MeaSure of shape of the tail (4" moment) 5 whether the
w0l of the dota is heavy or \iget

© Meagured by equation (o can be eshimated with £)

,.i: (Xc"—i)qL

not

© vibhas notes 2021



. T‘\‘)?es of kuriosis

Leptokurtic

4 Distribution

Distribution

Mesokurtic ‘& normal C(Rur¥otit=3)

Platykurtic ')S cla‘\'\'ef (kuf‘\'OS\'s (’5)

Distribution

Source: datavedas.com

- Difference between varionce ond wrdosis : kurtosit Yells ws
how mueh of Mae “we'\a\f\’f" of data lies n we tails, ag
owoscd to Hae middle of Hae distribubin

© lewrdosit g)ev\em\\\o weasurgd 4o compare turves  wWith Same
wean 0nd variance

- == t-dist
— normal
Note that the t-distnibution
has fatter tails yet its peak
1s lower than that of the

normal distribution

. © vibhas notes 2021
Source: cigwprep.com



© How much wiore kuriosic present n 0 afaph in Comparisien
o a normal distribuhion

* Leptokurkic: negotive  and Platylurtic: positive

Excess  kurtosis =

>
P
x
\
x|\
~—»~”
-

Population § Lample

* Population: set of ol possible observations fer o gven
context of o problem

* Sample: representaive Subosetr of the populahion

@ PROBABILISTIC SAMPLING

D Simpe candom Sampling

© OSCigN Aumbere Yo mewbvers of popwation ond select vandom)
© with of withowr replacement Clinite |infinite population)
. 800& fox Small populakion

ADVANTR(ES
easier, \ow ervor, o piot wnformation ww.'\ud
D\SADVANTAGEES © vibhas notes 2021

tan be bisged, not proportionate, havd o tale



2) Yrokified candom &um?\'\f\%

* poplokion proportion rfeklecked in tample
+ divide ;ow\a’don inFo ehvoko) Qroupe  Copader, e tolouy,
age ekt

AOVANTA(GLES
enhonced fepresentation , more toalable ond efficient

DILADVANTAGEES
clastificakion ervor, fime LONSUMING , expensive

©ooxople: 0 Swdent wound| surveys 50 srwdente by perting
rondom  Sompies o @g juniore and S seniont

3) Sﬁs’cw\a’f{c &(xm?\ing)

© Ffind the Y™ volwe

AOVANTRGES
egy fo selek | evenly speend towple, wod effectve

DISADVANTAGES
Glased, vo equal cnance, gnoted elewents

*exomple: o printipal  takes on  olpnsbetised Vi of studenyc
ond picke ‘every fourth shwdeny fcom o condom amfhv\g)
?o'\t\\'

exomple: Fime serieg am\‘ﬁsis,sumv\‘m% puels from an
imone

) Uwster Sampling

+ fopalakion divided o now -ONLN\ApRNg - A Qrt vibkEEbS 221
« ot clusker microcotm  of populadion



ADVANTAGES R 4
wrvenient for  aeoprapnically dikpereed populations , Simpiki
adminigvation , %coQ\ox“\‘\m\P feas\ble fere

DICADVANTAGTES

lest efficient tradistically , Wighe Somplind error , more  prodems

© erample: oicine (ompany randorly Selecks 5 figate  and
tuIveye ‘eNEyone on ¥nem

() NON-PROBABILISTIC  SAMPLING

1) Convenience | Aecdenrol

* Subjetks for sampling eastily available
* when population not  clary defined

ADVANTRGLEL

engy fo sletr sovet Kime ond monyy
DICADVANTAGES

blased, tarnpling errors , cannok %u\em\'\se,

1) Jwdementa)  Sampling

* feseascher cthootes)ic velated to fample  baged on  Hneir
Judement

ADVANTA(GES

minimum tme
DISADVANTABES

Selection bios, Sompe ¢e

© vibhas notes 2021



3) Quota Sampling

* non-probability equivalent of  etvatified
© il quota & et

ADVANTA(ES
winimum hme

D\CADNVANTAGES
bios

‘D Snow bal &amP\inﬂ

+ for tare cnaracteriskic /oli&‘-(‘(m\’na
+ from inikal swoyed, referrals

ADVANTK(,EL
lowers cott
DISADVANTRAES
bios
* Note: SO\W\\)\'\(\&‘\Y\ DSP — olowv\sam?\ir\a Ve upsampling
—DATA  VISUALILATION
\ »\is’ro%ram

« Lose data while o.mfeﬁm—\—(ng

veview: bvin S\e

Yn
] © vibhas notes 2021




2. Stem- and-Lleaf Plok

Lite o Wishvaram on e Sde wia wvno  logs  of
infsy makion

stem | leaf
1 2 3 — 2,3
17 —2 4,27

2
3 3457— 3’5,%4,'55‘, 37
4 001 —> 4o,%0, &!

H)STOLRAM

* Opfimal bin size impsrtant

120

i iToosmaIIA
Uil P

2 |
0
9 Optimal A"
" i bbb
0
oo Too large A
fu
0
0 1 2 3

http://toyoizumilab.brain.riken.jp/hideaki/res/histogram.html

* Helps analuse Shage
© vibhas notes 2021



Bimodal funthon

© Mixture of 2 “Gowssiowng

‘,‘ & 2 Al L 0
% Bivariare tHawian

© vibhas notes 2021



« Sechont of  lbivariate Gaustian

Boundariet wy Highe( Dimensdim(
N

. Eovki\ﬂb\oa\o\e

© vibhas notes 2021



* Not eq,u'tprobab\e

RN
AN
S Tan

S

'LV\IMS‘\'\'V\Q\)\A'\S\A alde Mixture

m— Al Adults
s WoOMmen
— Men

140 150 160 170 180 190 200
Height incm

* Read wore on slides — 07 Viswalizahon and R padiages

© vibhas notes 2021



TESTS fw BIMODAULTY

. Neccsso.nﬁ ondition for imodal  functions
- Pearson's erikerion: Kurtosis - (shewness) 4]
- Equality holds in extveme cases of fwo diracs

To Unear € distibution is Mﬁw\'\nﬁ but  unitnodal
- Haw\izaan‘t Dip Test Statishc
= p-volue <005 : 8 nificant mutimodali

- 0.052 p-value <0.10 = mulimodality wirn marginal siﬁn\kcm\i—
- R mixiools, Plexmix, meclusy, mcdist

(umunlative h\s’mamms oavre caled osive wyrves

ES" covidlq cma.m% wmulative eases

* Hicrograms §oN cateqrical  Aate

aaaaa

© vibhas notes 2021



hist  and | murinist
Histogram of var1 .
. .
IS e
7 .
g 24
£ 24 )

hist

Total

awnd d\emi\«,@

lum |

WS 3 21 a1 .03 0§ £S5 28 35 45 sS

Size of US

&?04

0.002
1~

g:/zﬁ? [l

states

J.

Interesting

rplot1 Barplot2 Barplotd Barplot4

0 2 4 &6 8 10 12

(k"\2

EETT
gaes

© 7 _©Vibhasnotes 2021



Labels  Ond Le_ﬂzvvis

Customer-acquisition growth, by channel US

16 e @ ® Organic search

2 Facebook

¢ 2 Twitter
oe ———+— & .
2009 2010 2011 2012 Q22013

Hovizontal ve  Veeh ol

American consumers spend more time online than TV Average Time Spent per Day, US Adults
e Hours spEnt ih n typeeal diy by misdis formil 54E
2 / e 448
™ / 3
100 o
am
1 4% 155
100 053
o5y
2010 20 01 2013
o000
—TY a—|ryme -t e—y v Rodio Print Digital Other
52010 =2013

. Qeview SDE from fem 23 Lor wore

© vibhas notes 2021



s’w'\g BAUX

Plot of teeth length according
to vitamin C/Orange juice dose

30- .
) 2 -t :
. S(a
£ . s l‘ supp
20 - . ,* . oy
s
2 Ve
e
A
10- ¢
by ,‘ &
1 1 1
0.5 1 2
Dose (mg)
pie dnort
= Drama
= Action
w Comedy
®Romance
= Thriller

Coxcomb  Uhaty

* polar ovea daatt &  rotesl
* Florfence N(&V\’ri ale

© voding oV Espods o o mue)mkuo\e of the m“&“‘&

A



- (owtes of o Fadiiyy ?re\mfed vy Horence Nish\'inba\e
* Zoom oand explofe:

. DIAGRAM ey 15x CAUSES oy MORTALITY
APRIL 1855 0 MARCH 1656 IN THE ARMY IN THE EAST
e -

APRIL 1854 ro MARCH 1855

u

ey

e,
gy

AP iy,
¥
o
&

v,
“
Y
: 3
\ -g" 3
\ _a Ed
* 5.4
.. cRIMEA
i / ;
" 5
> 7 4 2 §
>
N 7 %
o 5m = & %
Wrinye en” s
&
Ao
of
&
The Avtaw of the Nue: red. & black swdges wre sweh misosred. fron
the-conitre ws the ommenpn. wertea
The Mace wondges meesiired lrwme the: centew of Wi, corvde rpreaent srve
fir uress the detha from PrerentiNe svMelelyuble Zymate descasts. U

reid ewdges mria ) (b tie centre the deaths 1

D)‘
Sivom wwandds, & the
Wask. iedges meanred fram the cendre the death fivm wld wher awse
The Wack: line. werwsy thecrwd riarigle 0 N VS8 muarks tee boripdary
of Vhe dealhor firimn ll. oteer coctiner Ricring o vith

o
waawa®®
T Ootisher 165%, & Aprdl 1855, the Waek: crva. corsmdes unthi e red.
weSwrnry & Febrvary &

54 the Wuce coemcteler wnth Yhe. ek s
The entive arvis iy be comprred by (olloiwing the blrie. the i &' the
Mok lnes eerrdassinng them

Avany,

source: \M.\\L'lYQA(O\

= wekficient of correlarion  (Pearcon)

= _ B2y~ nxY

¥

LZ: (A -X) (31 = ﬁ)

T} | 2
S~ 2y -ny* é(ﬂ;-i)ﬂ/é (4i-)
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\_'(\'.P

e

2%) (s

1)

Scatter Plots & Correlation Examples

A N 5 A . )
A - - -
' t 2 - e
B - el - 2
. ) 2 e e -
L % “ o =
' .'.' . 3 e
8 t. -
tay - .- e e 2
' .'-g .
]
«— — >X < ‘ >X < > X
Positive Negative No
V¥ Correlation V¥ Correlation VW Correlation
Norion 0f Covrelahion
Carr> 000 Caer~ 0.10 Carr> 020 Carev 020
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gox Plot

* Umiy = Ra+ LS 18R and Q) - 1.C QR  (outliers)
Sirgle
Median / outlier

min
l
[

Mo

hswer whisler

Tree Map
Whére 'peo'ple'corisur'ned' Bu'zzF'eed' cohteht ih 2015'

Facebook video

-. - I

oot or xlcd Po.cuaﬁe in R
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https://gramener.com/posters/Birthdays.pdf

BIRTHDAYS IN THE US AND IN INDIA Gramener

1 2 3 4 5 65 7 A 9 1011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31
This visualisation shown the popularty of biethdays intha U Lan Wew pew X%
between 1973~ 1999, Dark colours indicate mote popalar
birthdays, Ught coleurs am less popukar Bll’thdays

1¥'s Interesting that there are fewee births oo holdays
almost as if doctoes and haspitals da not wish to be
disturbed during these days. Since 60% of the births in this

Most birthitays
are in Jul - Sap,

period were C-sections, this does offer some flexibity roughly 9
manths after

But it's the parents 100, Notice how fewer childran aew bormn the winter
on the 137 of any month? Superstition, perhaps? April 1% holidaye
appears 1o be a day 1o avold too, while Feb 14™ - Valentine's
Or=Nalmmens = Bl [ ]

L] | Chrannes
Shown alongside i the popularity of bicthdays in indls Indian

between 2007~ 2012, for abaut 10 million studants. Dark
colours Indicate more popidar birthdays. Light colours are
less popular

m Birthdays

m Maost birthdays
are in Apr-june,
while almast no

B | coenbomin

We see u very different patteen here, Almot no one is borm
In Auguet. A lot of births are alwo clustered around the
months of May and June, st befare schools open - and

given that this data is based on school records, perhaps there August
s reason 1o suspect that these numbers are faked
1t'5 also suspicious that & surprisingly arge numbor of propl
have birthdays on the 5, the 107, the 157, the 20 etc of = =11
the manth. Perhup, when taking numbers, 1t & snslor to
18 19 20 21 22 23 24 25 26 27 28 24 30 31
This ruth to get chidren into sthool has an adverse impact i [ Indian
on their marks, You can see that those "born® on the 5%, the
107, the 157, ate have kswer marks ~ mast ikely because Marks
thase ara younger children wha have been taken 1o school
earlier than ther peecs Those “bom”
Just bafore
Simitarly, those “Barn” in the first half of May have retutively school opens
lowsr madks. June the 17 s & particularly bad day. This is the 1eem to have
lowar marky

mast cammon birthday according to the records. (Mare
common than Jan 19, which is the second most comman. | i
also has the lowest marks o0 average.

Source: Tamil Nadu & Karnataka State Board examination
results, 2006 - 2012

mofe \ikely o be face
birtndates

and |mk~'m
Based on the results of the 20 lakh ™ 2011 Sep-borns
students taking the Class Xllexams 4 = = 7
at Tamil Nadu over the last 3 years, o birAv P
it appears that the month you were
born in can make a difference of as w0

much as 120 marks out of 1,200. [ 120 marks out of
»o 1 1200 explainable
by month of birth
"o
0
7”0 ~ June boens
score the lowest
0

Mar Apr May o N Agg Sep Ot Nav D nw@w)ha-svmte32021



Resrouront Qo  (ollecked over Yeare

+ in Haousands of rupees

* Units ,2 4 3. poor perfriwante on Wednecdans ; oniv
overoll poor perfavance

https://gramener.com/restaurant/unit

DAILY SALES CALENDAR MAP

[ 1
Unit1 (Rs. '000) Uni2 (Rs. '000)
G awa e PR ge s i s g
9¥92999 hg2sUERGe Sg28ARLAERAE ,asxaﬂazinax 3384
Dec20t)  Jan 20 Mey 2012 Jun 2012 Dec20tr  Jan20i2 Feu2012  Mw20t2  Apr2012 May 2012 02012
aTa v AR an w2 v [ o6 [§l§ 74 sn]ce [ 20 27)c5 12 10 28|02 00 1A 23 30)07 14 21 2804 11
e T s 10 24 T 3020} 20 i 22 at oz (] 21 26{ce 10 20 27|60 10 17 24[0F 00 15 22 pejos 12
283 W " 24 W e ko] P8 22 20fcv 1421 20]04 1 lazsﬂ'unaauom 1a
a7 THEs 12 dza T (e s v 22 1N 0 18 2301 08 15 22 28|05 12 10 26/03 10 17 24 11
st3 = [Eon 15 Bl 13 274 F [0 6 15 53 0 7|08 90 17 24(02 09 16 25-30|06 134 20 27|04 10 18 25[00 08
<80 5 8000 17 24 21]07) 14 8§ I 425 s @017 24 34 B 28]000 3% 18 25{02 10 17 24 23 |07 14 21 20{06 12 16 26{02 04
480 s B Is m«._ﬂwns}mn unmuuuauumn]um ded s 1 46 asfT 08 14 8 200K 52 15 204 11 18 25[07 c& 1K 22 2908 13 20 29|66 1
I 1
Unit3 (Rs. '000) Unim4 (Rs. '000)
SREEENBEERNIREQEREYERIIIALRLL i5323g@eszavazagazsgazagzess:
Dec20! 2012 2012 Mar2012 2012 Miy2012  Jun 2012 201 82012 Mw 2012 Apr 2012 May2012 2012
1B M R 104 12 00 3 i
VAT on 98 20 97]0s 10 17 54 a1 for 101

141 Wl s 21 2ajos 1 1na
188 T 01 08 15 22 20| 102
185 meuuw 8 13 20 27}00 10 17 2402 0% 4 25 3006 13 20 27[0s 41 18 2507 08 104

101
ne

B Mo E A

186 8 no11 13 2567 0 18 22 79j05 12 19 28)08 11 1 25[01 06 15 2 2306 53 70 2203 10

CASE STUDY #1: (ollecking Dote
© Problem. wwor are fockoye Haok drive pcodewic excellence?

- (ose &Wda: wwar influences Vi tondard wodes

Du\’a Soufcei http://www.ncert.nic.in/departments/nie/esd/pdf/NAS 8 cycle3.pdf

Visualisadion: https://gramener.com/nas/  (nexy ?%Q)
© vibhas notes 2021



» What influences Class VIII marks?

Impact~  Across~ | Subject ~ Gender~ | State~ | Below poverty = Siblings ~
These results are based on 185,348 Factor Total % Maths% Reading %cience % Social %
students across India.

Gender 0.7% 0.2% 1.9% 0.1% 0.5%
The factors that influence the marks the - ——

most (and their impact in marks) are: Age 41% 3.3% 2.9%
1 Fatheredu  +11.0% Sibitgs 247% R 954
2 Father occupation  +10.6% Father edit
3 Motheredu  +10.5% Motheredu
4 Mother occupation  +9.1% Father occupation
5 Help in household  +5.2% Mother oceupation
Below poverty
The factors that influence the marks the Ui calealator
least (and their impact in marks) are:
Use dictionary
1 Gender  +0.7%
Read other books
2 Distance  +0.8%
# Books
3 Private tuition  +1.3%
Distance
4 Watch TV +2.1%
Computer use
5 Siblings  +2.4%
Library use
The top influencers by subject are: Private tuition
* Maths %: Father occupation, Watch TV
Father edu, Computer use, Mather X
Read magazine

oceupation, ...
* Reading %: Father edu, Mother Read a book
edu, Father occupation, Mother

occupation, ... Play games

e Science %: Father oecupatiot, Help in household b' 3@
Mother edu, Father edu, Mother
otcupation, ..
* Social %: Father occupation,
Maother ocoupation, Father edu,
Mother edu, ...

Based on data from the National Achievement Survey for Class VITI

. €-\'\/\‘\m\\%z oredit ‘m\o\ic. source Yefore using

© vibhas notes 2021



Daxo. Cleaning\
inwmplete I
\r\o'\s\é
incontigrent
ntentional

* Dwe %o nMany reosens
How Yo fix: in\—e\'po\u-\'im

NLP o fix inconsisrent naming  tonvention
%olutione
= Binningy. serr % packition daka  into  equal- Rreamency ling
* Smooth ‘°3 bin means  smooth oy on  wedian, swooth by
bin boundaries
- RQ{{)(QS&'KIY\
= Chwsteri
= Cowbined LOW\?\A\'N' @ human ingpecton

DATR CLEANIWNG AS A PROCESS

use metadada, thece Fiewd Wef\oo.d‘ma, unigueness rule,
tongecntive rule

wte tomwmerdal +ools

= Do Serubbing: Simple domoin wnowvledge (postal codes, spell
oneces)

- Dot awditing: um\g)se Aot o Aiscovel © oikkess newed coketrect
violatiens



Data m'\smh' m too\s

€TL Cextvacim/ Transfermation) Loao\h\@ toolt: allow users to
spo.cien ot dormahions via GUT

D\ﬂﬂco\’ﬁm of the IWo processes

Execcise

- Explore how binning, clustering and
regression are used in handling noisy data.

- Is combined computer and human inspection of
noisy data a better way of handling the noisy
data? Give reasons.

- Explain the process of data cleaning.

Tonpottany  Onnfadrecishics of Data

\ Dimev\s'\ma\if@
number of aftributes
high dimensionality veguires Wigh volume of data Yo
preveny ovcr(-‘ﬁHv\A

2 Sparsity
presence  Cwes/no) tountks
eg. What do people tieich ve do people Shetdn

3. Resolwtion

Yime Scale (opady, montnly, Aaily ex)  © vibhas notes 2021
-+ poatrernd depend on Scale



4 e
. We of analyeis may depend on sie of dava

¢ fLurac

+ Cowplereness
. Cov\s‘\s\-evx%

+ Timelinegs

+ Believaloit

: Iv\\—erpfemb'\\'\\'\:)

© Poor datn negotively affets dora  preprocessing efforts

— Moise

Two Sine Waves Two Sine Waves + Noise

—Ouftliere

* Can be due fo voise or can e genuine Ceny. cases of &aud)
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—W Vodumerye

1. N\istir\g\J Com?\e\'e\&\ of Rondowm (MCAR)

Missinaness of value unrelared Yo attribure
FIl in values based on oadiriures (mean [median) — unrealishc
Am\uosis mmo\oc unboinsed ovevall

2. Misting ok Rondow (MAR)

Missingness velated +o Other variab\es

Fil in values boged on other atribuiel — of+en realithc
l\m\\osis almost always produces wos

€): unable fo wmeasure WEiGht using scale on Soft su(faces
Cmissing values related  +o Surface) and fill bosed on height

3. Missing  Not or Rondom C(MNAR e NMAR)

Missinaness velaked Yo wnobserved weasurements
Did wnot rvewvd, Vaerefsre misting

(ensoved dato

Tnformative o non-ignevalde mitsingpess

Mutr undettand wwy:, Find more daka, what s

When dataset  given, tannor e\l iE MIAR, MAR, MNAR

Mubiple imputakion notes:
http://dept.stat.lsa.umich.edu/~jerrick/courses/stat701/notes/mi.html

© vibhas notes 2021



. MR

Delete rows
- £ swa\\ fraction of vrows
- can ot tancreo\

Delete  columne
- if small Hockion of athriburee

Pairwise deletion

- (ompure wean, variawe 0nd covarianee with onother variable

- WoYks reasonably well it e mwulivariore wermal ossuwpkon
holds

- voarioble mMwt have relahon with owotwer artribure

© Mean impurakion CLonly fox MCRR)
A. MAR

. Regressim impuiation
- n-l variab\es relored ‘o o varial\e
- unviaged etkrimores of wiean wnder MCRR

- unbinsed  wnder M™MAR i§ fackov: Maor  intluewce wmitsingness
intwded

- wn opet false  positives and  spurious Lovrelation
Stodnaskic  fegression  tmputation

- fame 0S LR bur odds vondow conthant [cesiduwal to
prediction

© vibhas notes 2021



Lost  observed carried fuyward (LOCF) owd Baseline Observaksm
Lorried Forword, (BOCF) and wovty obtervahion carvied ferward
(woce)

= hea\thaare oppliations

- sﬁie\d biased erimater even under MpR

- only used € ostumphont Ore Sdentifically justifred

- eq foctovy outpwr  predicttons

* Uge of wuMiple impwiodien
- wice, amelia v
= https://stefvanbuuren.name/fimd/sec-simplesolutions.html

3. MNAR

Mod e m\s&\v\a volues ex?\‘\d’c\\A

DUPLILKTE DATA

Can occur while merging data from  muitiple Soures
* Duplicate rowe e almost duplicare vows
+ Ty some perton wikh mulriple ewoail addresces
* When showd duplicoke dato wot be removed)

- video processingy : dramsmission of frames with duplicates
fol Sodety

- WuEt tompress) delete duplitates of receivert end

© vibhas notes 2021



© Numerica\ measure of how olike 4wo dota objects [cowe ore
" Higher volue when olgcts ore wore alike
' Tuplcally falls in Mhe  inkerval Lo,13

Lower when objectt wore oalike
Distance measures (recall: word ount exampled
*Upper \imit  varies

me'\mﬁxé refers to o 3‘\m'\\o\r'\\'\6 o distimilacity

MATOR TRSLS w DNTA PREPROLESSING

I Dota Cleaning
© HL in m‘\s&'\c\b va\unes
* Smooth oty dato
* Tdenkify [remove ouMiers
* Recolve inconsistencies  Gmpuration, dropping et

2. Datan If\h?mﬁm
* Tovegtation of mutipe dotabases , uwbes, e

3. Dara Reduction
© Dimentionalitu reduckion Creduce no. of features)
. Numeros'\’% educhion  (redwe no.of Tows —mre\\s aone)
+ Do LOMpYeStion

© vibhas notes 2021



4 Data Trawntformarion and Discretisahion
© Normalisorion (mogr wommon — (0,13)
* Concepr Wevavch enerotion

- Discretitanon Cefeare iarervals from con¥inuous dodo)

O

£)

.Oooo

Ho

%0
(@]

Data cleaning E—

7

Data integration

Q)
\1/

Data reduction

N

—
\

/

I\

i

Attributes

Al A3 All5

Attributes
Al A2 A3 . Al26
9

% T ETI

g T2 5 T4

g T =

g T4 = TI456
-

T2000

Data transformation 2,32,100,59,48 —»

Figure 3.1 Forms of data preprocessing.

source: R1, (”\% 3.\

-0.02, 0.32, 1.00, 0.59, 0.48
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Dot Tnkegcation

© Moain isSues: inwonsistenty and mmvxo\uh%
Semantic heteropeneity ond  Structure of data

I Entity Tdentifitation Problem
€a. use NLP 4p moap tommon nitnames Yo  full  nawmes
CBil = Wilam, Rob= Robect, Dide= Ritnard, Liz= Elizabewh exc))

2 De’cec’c'\r\& ond ?\eso\v‘\mb Dara Vale C(onflicks

For Same real world entihy, oktiowre volues from  dikterent
sources dbfereny

© Eop wnesturementt in wetric sytrem ve inperial - sygtem

Hondling Redundancu
o Q

same otrioute 6F  Ogyetk May nwove Aikferent wames
'\den’d(‘& oW 6 o\umn

one ottrowre ™apbe derived feom  another odiviowtre
ey: marks ond prode, awnwal Salary and  monthly Selary

Redundantiet can ‘oe detecred wsingy  correlation  analygsic  and
Lovaritwnee avxa\\ﬁsig

Tonprove doka M'\V\'\Nﬁ speed bﬁ co.reh\\\b '\n\'eﬁca\\nﬁ oo,

© vibhas notes 2021



CORRELATION PANALYLIS

X ket (oni-squared est) performed  (reeall Stoks vwik W)

Nu hypothesic  Hy = the 4wWo variables are independent

Brernate hwpothesis  Wg = the two voriobleg ace not
independent

N
Q
’)(,2 shodisvic = 55 (0 - €;)
i\ Ei

k= depfees of  freedom

n=no.of possivle oukcowes

0, > observed no. of Xrials

€L = erpected no. of 4rialg G W, true)

Larpef X* volueg, wore likdy *o loe correloked

- Cells Yook ovivibute wiost: larpe 10i- €l valwe

an e wsed for ca\-uawica\ values whefe 0; and € are
freqmenciel and  noY  fractims [peveentages

© Teportont: torve\ation does mor  iMply  Lausarion
- spurio¢ correlation f hidden vorioo\es

- ¢9: no. of hospitalt g no. of McDonald's yoirte —> due to Wigh
popuiation

© vibhas notes 2021



O: Find & \iking Sdene Fehion e related Yo plaging  tness

Ovserved Vowes

chess | chess row
o) €iy = Sum CA=00) X Sum (B= bj)
250 200 450

Like ."“ ¥ N
science
fiction 3 260 2
s =910
Not like 50 1000 1050 . —‘sﬁﬂ
science
fiction
Sum(col.) 300 1200 1500
exyedceo\ vo\wes
Ploy Not ?\m\;) Suw
Chess Unesg (cow)
Ue Qo0 360 G
C-Fi 450
Nok Lke | | 219 840 10SO
Sa-Fi
%00
(col) (200 LS00

2 2 2 2L 2
%, = (250-9p) + (S0-210) , (360-2000 * (840-loow)
a0 20 260 8o

= §01.4y © vibhas notes 2021



W= &eﬁ(ees o% Areedom = (no_of_rows -1) (no_of _columns -1)

K=\

fulx) 9
b X
* k=1
0.5 —_ k=2
\ — k=3
04 \ —r g
§ — k=0
0.3 — g
0.2 // S
f NS T
0.1 e
—
0.0 ——
o Y % ¢ 4 5 g o & T

source: stanshcs how o

Using X; foble: 507.a¢ > 7479 D « £ 0.005

o Ho fallk and Ha W oArue 5) the two are velared

TABLE A.7 Upper percentage points for the x* distribution

/™ \

/ b
\
/ \
I‘l a
o

v 0.995 0.99 0.975 0.95 0.90 0.10 0.05 0.025 0.01 0.005
@ (LO00O 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635

2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9210 10,597

3 0,072 0.115 0.216 0.352 .584 6.251 7.815 9.348 11.345 12.838

a 0.207 0.297 0.484 0.711 1.064 7.979 9.488 11.143 13.277 14.860

5 0412 0.554 0.831 1.145 1.610 9.236 11.070 12.833 15.086 16.750

6 0.676 0.872 1.237 1.635 2204 10.645 12,592 14,449 16.812 18.548

7 0.989 1.239 1.690 2.167 2833 12,017 14.067 16,013 18.475 20278

8 1344 1.646 2,180 2733 3490 13.362 15.507 17.535 20.000 21955

9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.023 21.666 23.589
10 2.156 2,558 3247 3940 4.865 15.987 18.307 20483 23.209 25.188
1" 2.603 3053 3816 4.575 5.578 17.275 19.675 21.920 24725 26,757
12 3074 357 4404 5226 6.304 18.539 21.026 23.337 26217 28300
133365 4007 5000 ss92 7042 19812 22362 24736 @iibhadfiotes 2021
14 4075 4.660 5.629 6,571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22,307 24,996 27488 30.578 32.801



\. Pearton's corre\anon coekficient

- ¥ v > 0: positive (rorrelakien
W veo neaov\-we. covre\atrion

" Viswolly evaluating totrelation (¢ or r)

-1.00 -0.90 -0.80

040 0.50 0.60 0.70 0.80 0.0 1.00
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Correloahion os Lwnear ke\o\h'w\sw?

o = ta,- ) by = Loy -B)
Sa LH

Correlation (A,B) = A'R

inner froduct of vedtsrs

2. Covariance
Similar Yo worrdanion

N
Cov (A, 8 = E((A-RI(E-BY) = & (a-A)Cbi-B)

n

Relahionswip with Pearcon's correlahion  coefficient

Yong = Cov (A,B)

Cp Sg

|. Positive (ovariance
lovpg > ©
Both AKE tend 4o be larpec Xwan vneir expecred values

Q. Neso\ﬁve Covariance
Lovpp < O
* Both AR tend Yo be smaller Yhan twewr expecred volues
© vibhas notes 2021



3. va\epmdey\ce
Cov, 80
Converse ot 4rue, (ovpg=0 =,é independence
Additienal as!uvv\ph&\s (doto followe wuwMivariate worwal
dishribution) requived to  imply independence

lovaviance alone awnot tel\ us Hae maf)n'\hm\e of correlation
(no fixed o to detide whot ic high o \ow)

Coefkicieny of Variahon = 6
o

Q. Suppose two stocks A and B have the following values in one
week: (2, 5), (3, 8), (5, 10), (4, 11), (6, 14).

Question: If the stocks are affected by the same industry
trends, will their prices rise or fall together?

In other  words: theyw are related, ot are taey tvely of
-vely  worre\ated?

D= 2+345+4t6 -
)

b= S<B+lotl+ly = 9.0
S

5
Lovariance = 5: 0-2)(bi-b) = Q0 =14

" ‘W\eta fise ‘\-os\rher oy CovlA,B) >0 © vibhas notes 2021



DATA REDV(TION

1. Dimevxsima\ii—g Reduchion
.+ Waoveler antforme
Principle (omponent Amalusic
Feature tubser Selechion , Feature creakion

2. Numerosi’nd Reducthen
ReQiess‘\m oand log- \inear wodels
' Histograms, c\us’reﬁv\a, &awx\a\ina
Daton cube ae)%m%aﬁm

3. Dota compression

Eliminate irvelevant features , veduce noise
Pcevent overfiti
Avoid +the “curse of dimemimm\i\\é“

" Reduce time § Space vegquired for data  wining

(M) Mmpp‘ma Dato. to & New Space
Fourier romsfaven (time - frequency)
wovelet  franstorm

WV
T R 18 ’
[ i /| 250
Il- i 'l 10 | ‘ ’
0-5F l lI |' | il I 5 200} ‘
|
I | |
IR o “ | |
| IR \ ‘ | ‘ 5 | Wni H
| | | |
05| | | | il \l1 o | sof, bt .l
AL o 4 % o3 oY} 0 o8 3 0 10 20 30 40 5 60 70 80 80

Time (seconds) Time (seconds)

Two Sine Waves Two Sine Waves + Noise

@ngpotes 2021



Waveletr Teonsformation

Discrete woveley trantform (OWT) for linear signa \xocess'm&

Skove ov\\y) & swmoall frachon of the strongesk  wowvelet
toetficients

Simi\ar 4o Distrete Fouvier Transform  (DFT)
Wil s’MAb ‘W detail \ater
) ?r'mt_'\pal Component Pmahosis LPCR)

find o Projection (etppnvector) ok e m@m\ Aot con
\oe pro‘sedr oo with the \eatt exver

* Projection  fhak copruces the larpeer amount of variatien
0 dotos
Reduction wn  dimensionality

X5

* Find ei%fnvcm\rs of the covariance woAYix  whith wil\
define Yhe new space

© vibhas notes 2021



Sipr

I Normalise input dota

2 (ompure  ken  or¥nonoywal  (unit) vectsrs

3. €ocn inpul vettor s o lineaf combinarion of rhe principal
compomn’r vecrovs

¢ Principal componewts Sorted in  svder of decveasing  importance

(2% s\fev\gjrv\

S Size of doto can be Yvedwced ) e\im‘\mﬁv\ﬁ e weal
omponents Clow vavianced

Original Data & Two PCQ Vectors PCA-Projected Data

o~
| - £ 5
4’ ] - » g
o~ L 9 o
e 2 B |, fastsg vncaike ©
£ - 5 o L R
o 0 2e — . b . =
. © e
w ‘ o ® . =
2| - ¢ Class 0 ‘s * Class 0
| “PdS: | » Classt £ 5 * Class1 |
0. E .
-5 0 5 6 4 -2 0 2 4 6
Feature 1 Principal component 1

https://www.researchgate.net/profile/Nicholas-Czarnek/publication/320410861/figure/fig7/AS:551041819447302@1508390015760/
Example-application-of-principal-component-analysis-to-simple-synthetic-data-The-black.png

Ph Example

¢ http://www.cs.otago.ac.nz/cosc453/student tutorials/principal _components.pdf

X y X y
2524 69 | 49
05|07 -131 | -1.21
22|29 39 | 99
19 | 22 09 | 29
Data= 3.1 | 3.0 DataAdjust= 129 | 1.09
23|27 49 | 79
2 |16 19 | -31
1|11 -81 | -81
15|16 -31 | -31 .
0.9 “n | 3o © vibhas notes 2021




(616555556 615444444
COU=\ 615444444 716555556

0490833989 )

eigenvalues = ( 198402771

—.735178656 —.677873399 )—) wnit eipenveckors

eigenvectors :( 677873399  —.735178656

C,V\oos'u\ﬂ an Kppropfinte  PiS

Original PCA data Mean adjusted data with eigenvectors avariayed

4 T T T T 2 T T T T T T
*PCAdatadat’ 'Pckuau%;g.r' R
(- 740682468).671 ;-:
= (-671858252)- 740682469)'x
s b
14
05
2k
o0
1 05
ak
ok
-156
1 2 2 :
3 = > = ¥ 5 2 45 a4 05 0 05 1 5 2
Data transformed with 2 egenvectors
2 T T T T
* Jdoublevechinal dal'
15+ 4
1 -
05
ok
05
-1
A5k
2 L
2 45 -1 05 0 05 15 2

© vibhas notes 2021



name 100m | Long.jump | // | Javeline bLT L Rank  Points  Competition
SEBRLE 11.04 7.58 63.19 291.7 1 8217 Decastar
CLAY 10.76 74 60.15 301.5 2 8122 Decastar
Macey 10.89 7.47 58.46 265.42 a 8414 OlympicG
Warners 10.62 7.74 55.39 278.05 5 8343 OlympicG
\\

Zsivoczky 10.91 7.14 63.45 269.54 6 8287 OlymplcG
Hernu 10.97 7.19 57.76 264.35 7 8237 OlympicG
Pogorelov 10.95 7.31 53.45 287.63 11 8084 OlympicG
Schoenbeck 10.9 73 60.89 278.82 12 8077 OlympicG
Barras 11.14 6.99 64.55 267.09 13 8067 OlympicG
KARPOV 11.02 73 50.31 300.2 3 8099 Decastar
WARNERS 11.11 7.6 51.77 2781 6 8030 Decastar
Nool 10.8 7.53 61.33 276.33 8 8235 OlympicG
Drews 10.87 7.38 51.53 27421 19 7926 OlympicG

Active individuals

Active variables

Supplementary quantitative variables
~ supplementary qualitative variable
Supplementary individuals

. Down\oad e daraset fHrom hece:

http://factominer.free.fr/factomethods/datasets/decathlon.txt

2. Dmpsrt it a0 RStwdio

download it frem \nere))

Cnote: firsy lumn nawme s
misting, add ir Yo the il befere impsrting , of

https:/drive.google.com/file/d/10Aq99W6zseJgCSGSKRog_KZfEXHh_I130/view?

usp=sharing

Environment

|
ol 7 |

R+ @

“* Import Dataset ~

History

Connections

% 111 MiB ~

From Text (base)...

From Text (readr)...

From Excel...

From SPSS...
From SAS...

From Stata...

Tutorial

’
&

inment is empty
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3. Male Sure wouw  sele g \—\eao\in%

Import Dataset
Name  InputFile :
decathion | [*Nome™ + “108m" = “Long.jump® = "Shat.put* = “High. jump"
“SEBRLE® + 11.04 « 7.58 « 14.83 - 2.07 « 49.81 . 14.69
" TCLAY" <« 10,76 « 7.4 .- 1426 - 1.86 - 49.37 . 1405 .
Aut
Ercoding. | Mtomate KARPOV 1102 - 7.3« 14.77 - 2.04 - 4837 + 14,09 |
Heading  ®iYes  No RERMARD® - 1102 - 7.23 - 14.25 - 1.92 - 48.93 - 14.99
R Afomate 3| |TYURKOV® < 1134 <7.09 - 15.19 < 2.1 - 50.42 « 1531 |
it WARNERS® « 11.11 - 7.6 - 12.31 - 1.98 - 48.68 - 14,23 |
SepArator | Tab 3 [*ZSIVOCZKY™ « 1113 < 7.3 -+ 13.48 - 2,00 - 48.62 - 14.1
pecimal | Peid 3| |TMCMULLEN® - 10.83 « 7.31 . 13.76 - 2.1 - 49.31 - 14.%
= = MARTINEAU - 11.64 - 6.8L - 14,57 - 1.05 - SO.14 - 14,
Quote Double auote ("] 31| THERNU® < 11,37 < 7,56 « 1441 - 1.86 « 51,1 - 15.06 -
Comment  None — TPARRAS” -+ 11.31 < £.97 - 14.09 - 1.95 - 49,48 . 13.48
P NOOLY - 11.33 - 7.27 - 12.68 - 1.98 - 49.2 . 15.29
nastrings | NA | RAIROION - 11 36 A 1346 1 RG-S 18
Strings as factors Data Frame
Nams X100m mm smwt mw Jump  X4o0m
SEBRLE 11.04 7.58 49,81
CLAY 10.76 7.40 u zs Lu 49.37
KoRPOv 1.0 7.3 14.77 2.0 48.37
BERNARD 1n.e2 7.23 w25 1% 48.93
YURKOV 1.3 7.0 15.19 2.10 50.42
WARNERS 141 7.60 1431 1.9 48,68
ZSINDCZKY 11.13 7.9 13.48 2.0 48.62
MOMLLEN  10.83 7.3t 8376 2.3 49.91
WARTINEAU  11.64 .81 14.87 198 .14
HERNU 11.37 7.5 M4 1.8 51.10
BARRAS 11.33 6.97 14,09 1.95 49.45
NOOL 1.3 .27 12,66 1.9 49.20
b & E TS T 13 46 1 R6 LIS TS
Import Cancel
* Correlation circle var.cos2 =
) var.coord * var.coord
Vanables - PCA
- N 0o e o®
19+ E E E E E
o 0O 0o oao
72
X100m .
N &
as- | Long jump . -
X400 | o (|
4 i cos2 shotput @) | @
. i o7 = 51
z | e Highjump @ @
3 uo-.---,--u_.- e ot | i 43
2 X 10m fusr i 05 x400m | @
£ X100m ' +—t £
\ ' \ 04 X110m.hurdle .
\ W jun e ]
5. ' Discus ‘
! Pole vault
' f - 14
10 ! Javeline
= v
! | | | { T 07
40 23 an as e X1500m >
0im 2 (134%) n
* Which events are similar? Which athletes are similar?
Variables - PCA
10- }
‘AI
oy Individusls - PCA
|
as- : Javelino ’ REmNY .
X400m Long jump BOURTUINON Clay
7 [fr—1%eg e\ : e o
£ ~_ | P—
= $110m nurdis an
2 “""""‘"ffi::?\’ ......... |
(E D(HJEAE ' 1)
a \
\ 0

V
V
i
"

Macey

| _ © wees @ vibhas notes 2021
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W Pbiibure Subsetr selechon

L Reduwndant RATowres
ey Salet +ox ownd producy  price

2. Trrelevant PetAribwres
© ey ove,r‘é'\mv\a due 40 SRN'gmde leaming

Y possible Ovkrilure comloinafiont of d  artvibures Cpower seb)

© Metnods:
- Best s'mb\e avivibute
- Betr  Shep wite feature selection
- S{—q)wise ottribwre  eliminakion
- Besr combined oviribure selection 0wd  eliminaYien
= OpYirwal bronch and bound  Celimination and badivaking)

Forward selection Backward elimination Decision tree induction

Initial attribute set: Initial attribute set: Initial attribute set:
!AI.I":. A_‘,. A_‘. \; A"‘(" t*l‘: .‘\}. ,‘\J. \5 Abl i/"‘l.:“:. '\'; AJA "\5"—‘6I

Initial reduced set: => [A. A3, Ay As, Ag)
! | => l,4|..“4. “;“(,]

=> (4] => Reduced attribute set:
=> |."‘1.A4| l‘l"_l ‘61

=> Reduced attribute set:
(A, Ay Ag)

=> Reduced attribute set:

(A1, Ay Ag)

© vibhas notes 2021



@) Artyibute C(reation

Uenre new ortribwres hor copture info obour dataser wove
e((—‘eoﬁve\ta ¥aon

© Three wmethode
- Aftrioure  extraction
- N\o\pp\v\g doto 10 QA new spoce
- Avrribute constyuckion

(o) Parometric wethods
Assume doda fits o wodel and ctore only +he parameren
of the wodel
© ey regression; Stve only the wodel amd e outiers instead
of s-\'orivxs o\l the points

) Non—\)armeﬂic Methods
Do notr oastume waodels
en: hisiogroms, tustering, tawmpling

10000
20000
30000
40000
50000
60000
70000
80000
90000
100000

© vibhas notes 2021



© Types of Samplinay

Samples

Samples

Non-Probability

Judgement [Chunk

Quo?

) Dodon.  (ube hmc%o\h' om

Year 2010

Year 2000

)
)
Year 2008 ) )
)

Quarter Sales M

Q1 | $224.000 M;
Q2 | 408,000 )
Qr $350,000
4 $386,000

Year Sales

2008 | S1,568.(6K1
2000 | S2.356,8K)
2000 | $3,394,046)

1
Probability Samples |

ftem_npw

home
erertanment

S68

computer | 750

phone | 150

secarity | S0

2008 2000 2000

rrrrrr

© jpeqy: Fourier Trawrm 4o vemove Wph frequency fovmods
* )Peq 2000 . Similar bwr  wirh Wovelet Trantform

g Ty

S D
Original Data
Original Data
Approximated

g

Lt

A
p

Compressed
Data
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Doty TWWM

. Smoo’c\nma Cremove wnoise from dotod
- simple owevaoye
- weighted avevooye YsYs V3

- Qoussian 3
2 window
Co med 5 %01
I |°, (3 *op

o 4
2
(not Yo scale) Arer)

Attribure [ feoture constyuction
Ps%uaomon

* NormalWsarion
- WMiIn-MAxX
- 1-Score
- deuma) sw\in%
Discretisation

NORMAL\SATION

From Cwin, mexd Yo [new-win, new. max?

V'= AV-wmin ¢ (new-mox - new-min)
MAX -Wii N

G%" sco.\ir% down tesy  Scoves

V= v-m Me=wmean, o= $td  dediobies notes 2021
o



’

Vo=V Where = smallest iny Suth ¥aay s ([v']) &)
lo}

DISCRETISATION

* Divide coviinuous yalunes of atirivures  iwro ditorere Tanges
Cinterval \avels)

Redute dara Size

Supervised vo  ungupervised
Sp\it Ciop-down) ve wnerge Coottom up)

tYyPicalL metwods

top-down SPUt, untupervised
Yop-down Splir, untuyervised
Yop-down 6 bottom wp, untupervised
Yop-down epWk, Supervised
botfom -up merge, unsupervised

(- P;imniv\b

(0 Cqual width
- rowpe divided o N equal-sined intervals
- widkr = (B-A) wheve B=highett, Az lowetk , Ne no. of bing
N

- ourliert W Aownale
- Swewed doaton wo¥  \Wawdled wel
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(o) Equal depth
- N nfervals, eath ontaining Opprox Some wo. of sawples
- Wrenprical wn be Avicey
- good data saling

Equal width Equal frequency

o - ~ w + w
4 s '

[-,10) [10:20) [20,4) [- 14) [14,21) 21,4)

https://www.saedsayad.com/unsupervised binning.htm

B Sorted data for price (in dollars): 4, 8, 9,
15, 21, 21, 24, 25, 26, 28, 29, 34

Packiien  intd  equal-frequency bine  N=3

0 2 4 6 % lo (1¢ 6 \§ 2022 24 2628 5031.3'-t'

total: \2 N=32 = bin Size = 4

By b 2\,24,35
by 26,128,249, Y © vibhas notes 2021



B Sorted data for price (in dollars): 4, 8, 9,
15, 21, 21, 24, 25, 26, 28, 29, 34

Porringn  intd HUAL- widdh bing  N=3
b She = &"gi= 10.33

2~ L4, 14.33)

By ¢ Clusy aw.61)

By - (248, 34

B sorted data for price (in dollars): 4, 8, 9,
15, 21, 21, 24, 25, 26, 28, 29, 34

Smooth by bin  wmeans , N=23
%‘ B q) ﬂ)‘lﬂ
B, ¢ 13)23)15,&3

&3.' Qﬂ\ 20\, aﬂ,aq

B Sorted data for price (in dollars): 4, 8, 9,
15, 21, 21, 24, 25, 26, 28, 29, 34

Smooth \°‘6 bin  bowndaries. Nz=3
Bt 4,458

Byt 2\,21,35,35
53'. 3.&,9-5,‘),5,3'-}
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DisureYisohion withowy Using Llate Labels  (Bianini ve  Cuasrerine)
J v 4 -

_ . i 4
% o = e
e n/‘ s f‘
§ A s . 3 % : -
2 2 o %
ou ; i o : i’, : -“L_
B i ";/ 0 % . ,'.- o :.{;J
Original Data Equal Width(binning)
b o4 R 1 o j oo
- 1. o & I
or it i< | P -
ol R ¥ o = |
o ‘t_g:ﬂ i 1", . oo Y ',i I 5 -
¥ £ =G
‘} i e aal = t72
L. 0 DO I~ =
VR IAPIV IS NSO O 3 d 667 B 81011129314161617981850

Equal frequency (binning) K-means clustering leads to

better results

DisoreXisorion by Clgsificoian ond  Corvelation  Pononsis

- Cossifioation Cew: decision ivee Onalngic)
* dupervised: ojven class  lavels

" Use ewtropy fo deterwmine plir poink  (discretisoron
* Top-down vewrsive spht

n
e = Z3- 0L loay, (PLec

i=\
Ko
Case |: , ,
Bin , Bin, '

Enviropy (Bin) =

-

?o‘m*)

~ Plred)log, (PLredV)) — PLulue)loy, LP Line))
=0 © vibhas notes 2021



Er\’«up\A (Biny) =~ PCred)los,(?Lveo\\ﬂ = PLom)log, LPLbiwe))
= 0 & ideal

Ko

Case & K

v

2in

E(\’(\rop‘o (Bin) = ~ Ptrm)\osz(?(xeo\\')) - PLluud)log, LPLblned)

= |

- € Cni-merge - Xt discretisation
. Superv'\sco\- use dase infermoanon

Botrom-up merpe : find best neighbouring Intervals +o mey
Cones hawing imilar distribution of dasCes — low X)

Recurtive merge per@mw\eo\

Concept Hierarcyy Gewneration
. OTQQV\'\SCS t.onceph (aftrvibure)  values h\emrdn'\m\\-a

Deill ond rolling v data warenouses to view Adata. in
diffevent \evel of bcomu\o.rha

. kemrs’wc\n veduce dara © vibhas notes 2021



Re?\ace low level conceps Le3= oo in sﬁe.arﬂ X0 \ni@n \eve)
toncepts (e youth, SEVEY, Oal\A e¥e))

Ev.p\(c'ﬂ'\\o defined : domoin  experis

P\u\hwﬂm\\b Aefined: vorh numeric ond  vowinal dakes

Nwwuriy  Dotn
humowns
e\i&‘\\o\e for not eligivie
vacine for voceine

youth / eldeve  Onildren

Gl-ca) (b0-45)

Nowimaf Datn

Ovder specified loy experts

Siveet £ cityd ounty £ efate < countvyy
eg: {Uroana, Unampaiopn , Unicaspd & Tllinois ¢ LSA

Aukomaric . bosed on owalvsis of wo. of distinct values placed
ot e lowest level of \A‘\&Tﬂ"b\hﬁ © vibhas notes 2021



Vsuallw  oftribure  with We wiott  wo. of  dithiney values i«
or e Yvotrom of w\m\nkb

LOWNTYY IS Aistinck

Stake 365  dishinck
Ciky 3567 dishinet
Shreet b4k AL dithincy
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