IMEN891K/IDSC501 Data Engineering

3. Data Exploration

Fall 2025

Instructor: Sangwoo Mo
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Recap: Team Project

Build your team! (Deadline: Sep 18)




Recap: Course Overview

Al Model Application
Data Development, ng the

Collection i Training,

Validation Model

Model
Monitoring
& Updates




Recap: Course Overview

Lecture 3

Gather/Create
Data

The Data 05 Discovery

02
DATA

PREPARATION
STEPS

Clean &
Validate
Data




2 identify patterns and

Outline: Data Exploration

Summarizing
dataset features for
foundational
understanding.

Using visuals to Visual Data

Exploration

trends.

Applying statistics to Statistical
explore data %
relationships. Exploration




Outline: Data Exploration

Summarizing e
dataset features for Descriptive

foundational Analysis
understanding.




Descriptive Statistics

Descriptive Statistics
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Statistics - Central Tendency

Descriptive Statistics

! ;

Measure of Measure of
Central Tendency Variability
——» Mean — Range
— Mode —» Variance
—» Median |, Standard
Diviation
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Distribution
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Mean/Median/Mode

4 Mean \

Add all the numbers then divide by the amount of numbers
923,1,8,3,6
9+3+1+8+3+6=30
30+6=5

K The meanis 5 /
4 N

Median

Order the set of numbers, the median is the middle number
9,3,1,8,3,6
1,3,3,6,8,9

The median is 4.5
o 4
g Mode R

The most common number
93,1,8,3,6
The mode is 3
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Mean/Median/Mode

MODE Vs  MEDIAN Vs  MEAN

/ \ 50% | 50% /\

t

Mean is the
average or norm.

Mode is the most Meadian is the
frequent value. middle value.

1



Robust Statistics - Mean vs. Median

Without outliers With outlier

' Qutlier hasno
influence.

Median

. Qutlier has
ipﬂuence.

Mean
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Robust Statistics - Trimmed Mean

“Trimmed mean is a central tendency measure that cuts down the

smallest and highest values before applying the standard averaging
formula for greater accuracy.”

10% Trimmed Mean = 2.6
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Statistics - Variability

Descriptive Statistics

|
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Measure of Measure of Measures of Frequency
Central Tendency Variability Distribution
— Mean — Range — Histogram
__» Mode __» Variance — Boxplot
—» Median Standard —> Piechart
—* Diviation
Interquartile
—* Range (IQR)
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Standard Deviation

15



Skewness / Kurtosis

Skewness Kurtosis

Positive

ositively Skewed(+)
. \ Normal

/l\\
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Moments

Moment Name Measure of Formula
number
1 Mean Central tendency P

2 Variance Dispersion 2 X - X)?
(Volatility)
3 Skewness Symmetry (Positive or X; — X)
Negative) Skew =5
4 Kurtosis Shape (Tall or flat) (X; — X)
Kurt = !

Where X 1s a random variable having N observations (1= 1,2,...,N).



Frequency

Normality Test

KOLMOGOROV-SMIRNOV NORMALITY TEST

40 OVERLAPS WITH
@ NORMAL
DISTRIBUTION

DIFFERS FROM

® NORMAL
DISTRIBUTION

500 750 1000 1250 1500 1750

OBSERVED DISTRIBUTION FOLLOWS THEORETICAL DISTRIBUTION?
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Case Study: Heavy-tailed Distribution

19



Case Study: Heavy-tailed Distribution

Price changes are more “peaked” than Gaussian

200 : 200
{olo} o 100
| _

! / NORMAL
O-=-.-ar/'_'—'—'—‘_’— = 0
-$1.00 0 $1.00

Mandelbrot. The Variation of Certain Speculative Prices. The Journal of Business, 1963.
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Case Study:
y: Heavy-tailed Distribution
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Case Study: Heavy-tailed Distribution

Necessity of advanced algorithms

® t-distribution

® normal distribution
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Statistics - Frequency

Descriptive Statistics

: ;

Measure of Measure of
Central Tendency Variability
— Mean — Range
— Mode —» Variance
— Median __, Standard
Diviation
Interquartile

—* Range (IQR)

I

Measures of Frequency
Distribution

— Histogram

— Boxplot

L—» Piechart
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Pie Chart

Australia
Other

Canada

USA
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1000

800

600

400

200

Bar Chart

A B C D
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Box Plot

lower T upper
quartile Q1 quartile Q3

whisker whisker

interquartile range (IQR)
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HiStOg FaM (Empirical distribution, in a fancier word)
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Frequency

200 400 600 800

0

HiStOg FaM (Empirical distribution, in a fancier word)

...Is sensitive to # of bins
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300

250

200

150

100

50

Density Estimation

= “Smoothed” empirical distribution

Smooth PDF
030

Histogram
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Generative Models

= “Deep” density estimation

generative samples

[
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Case Study: GenAl as Data Explorers

Labeled Image Datasets (lnput)

Typ1ca1 Visual Elements (ours)

1920s B - 19205. _ Unlted States

PSR SAE Ol FIEPRE™ oo
Do -t Sid- TEl N Eveasey
1950s 1940s Thailand __soccer field

MUBLIN T BPE . i EEEEEE B o
CONMICAIE SEROEDR o m 5

S SEDE - O PITICE Rk
e SECESS LT 1

M S
ML T

Diffusion Models as Data Mining Tools. ECCV, 2024.
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Outline: Data Exploration

Using visuals to
2 identify patterns and Visual D.ata
trends. Exploration .
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Data Manifold
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Data Manifold w/ Clustering

34



Case Study: Segmentation & Persona

Segments distribution
This graph shows the most relevant segments of your community. Read more love 4% life 3% makeup 3% ¥ 2% beauty 2% lover 2%

ig 2% mom 2%  artist 2% like 1%

O @ ©

ColourPop Morphe Kylie Jenner Rihanna Anastasia
‘ @ . Cosmetics Beverly Hills
- - »—— 7 4 ‘ . #metgala #thelittlemermaid #renaissanceworldtour #suga
_ Social media stans r ‘ Make -up N
7 20 f . enthUSIaSts #eurovision #tstheerastour #agustd #bts
’ ¥ 1 X \

Age 18-24 3210%

Gender Female 83.34%

% Countr United States of America 54.73%
Political and ¥ =

Interests Education 73.65%

Informed

Fashion and
@ Beauty Passionates

40

View more details —>

https://resources.audiense.com/en/blog/how-to-create-effective-marketing-segmentation-and-persona-strategies
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Dimensionality Reduction

36



Dimensionality Reduction

Principal Component Analysis (PCA)

X2

x1

x0
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Dimensionality Reduction

Principal Component Analysis (PCA)
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Dimensionality Reduction

t-distributed Stochastic Neighbor Embedding (t-SNE)

MNIST - PCA

.'2

MNIST - TSNE

=10

=30

40
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Dimensionality Reduction

t-distributed Stochastic Neighbor Embedding (t-SNE)

PCA t-SNE
; Z ; Data visualisation in
Dimensionality 2 /
Purpose o low dimensions
(typically 2D) |
Type, 7 Deterministic Stochastic |
algorithm
Unique
solution? Yes No |
Projection ¢ / :
Y, Linear Non-linear |
Type of ¢ i
i Global Local/Global*
. PCA is just Subjective |
I 7 ¢ /
i a rotation of axes interpretation

40



Dimensionality Reduction

t-distributed Stochastic Neighbor Embedding (t-SNE)

a. Randomly project b. Determine similarities c. Move the points around until the similarities between points
cells as points on a low- between points in low dimension resemble the similarities in high dimensions
dimensional plot

@ =~ @
L Y Mg | & e

Determine similarities
between points




Dimensionality Reduction

Deep Representation Learning

42



Dimensionality Reduction

Deep Representation Learning

A red sphere next to
a blue cone.

| frent
|

The Platonic Representation Hypothesis. ICML Position Paper, 2024.
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Time-series

520

5

360-

280+

200+

U.S Retail Sales [Billions of USD]

120 1 1 1 1 1
1996 2001 2006 2011 2016



Tr

Se

Time-series Components

TREND

Time

SEASONAL

Time

Ra

CYCLIC

Time

RANDOM

Time
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Irregularity

Time-series Components

Ty

Cyclicity

Seasonallty

10 11

12
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Fourier Decomposition

Time-series ~ Sum of sinusoidal functions

477



Amplitude (a.u.)

Power (a.u.)

Fourier Decomposition

Time & frequency domains

Time Domain
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Outline: Data Exploration

Applying statistics to
explore data
relationships.
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Univariate vs. Multivariate Analysis

Univariate

DESCRIPTION

» Analyzes one variable.

Analysis

Multivariate

|
|
|
|
|
|
|
I
|
|
|
|
|
|

Bivariate Analysis ———»

Analyzes two
variables.

. Analyzes three or more

Analysis

— — — w— v e — — w— — — —

variables.

Histograms

Box Plots

Scatter Plots

Correlation

Multiple Regression

3D Plots
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Height (m)

4.2

fud
In

Liameter {cm)

Scatter Plots
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Helght (m)

Scatter Plots w/ Trend Lines

3.2 ?_/‘/‘ .
L ' ’ .

Liameter {cm)
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1.
Large positive
correlation

4.
Weak / no
correlation

(Pearson) Correlation

2.
Medium positive
correlation

3.
Small negative
correlation
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(Pearson) Correlation

> (i — %) (y; — y)

\/z (2 — 3)* Y (u; -

T = correlation coefficient

Li = values of the x-variable in a sample

I = mean of the values of the x-variable

Yi = values of the y-variable in a sample

Y = mean of the values of the y-variable

Y

)2
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Spearman’s Rank Correlation

Linear Data

Non-linear Data

ﬂ\

Pearson

- 0.96
Correlation
Same
Spearman 0.96
Correlation )
a =
Pearson
. 076 X
Correlation
A Y,
7 =N
Spearman 0.92

L Correlation

i
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Spearman’s Rank Correlation

Raw data Rankings

1 2 3 45 7 6 8
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BROMX

BROOKLYMN

MAMHATTAN

QUEENS

STATENM ISLAND

Heatmaps

5,500
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500

1,000
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10

Contour Plots

I I I
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Setosa

Versicolour

Virginica

Matrix Plots

= e s

- ——

50

40.7

406

100E

150

50 : 100 o
Setosa Versicolour Virginica
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Correlation + Causation

cause CaUSe

R < N

ice cream sunburn r_'fi 2
Laie .T)\s&&
|}

correlation

—

ol



Correlation # Regression

Variable A can predict variable B

>

Variable A ‘ I ‘ Variable

B

Direction of
relationship
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Correlation # Regression

y=Ax+b+e€

%

x=Ay+b+e€
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Causal Graph

Ol ONRO)

A causes B. B causes A.

(D)==(*)

A and B cause each other.




Confounder

Treatment

Outcome

Causal Graph

Collider

Treatment Outcome

Treatment

Mediator

Outcome
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Causal Discovery

Causal Graph

Data / Agent Experience

E

0 1 0 Causal Discovery
>
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Summary: Data Exploration

Summarizing
dataset features for
foundational
understanding.

Using visuals to

2 identify patterns and

trends.

Applying statistics to
explore data
relationships.

Visual Data

Exploration

Statistical
Exploration

67



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67

