DATA MINING
INTRODUCTION

What is data mining?
Applications and techniques
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Data Is the new oll

Clive Humby




“Data is the new oil. It’s valuable, but
if unrefined it cannot really be used.
It has to be changed into gas, plastic,
chemicals, etc to create a valuable
entity that drives profitable activity:
so must data be broken down,
analyzed for it to have value.”




Data Mining

- In simple terms:

Data Data Mining Value
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- Transaction data in stores, credit cards J by e © 200

- Scientific measurements B

- DNA sequences, gene coexpression

- Health records, brain images, daily measurements 284’?22 . 1

- The Web, Wikipedia, Facebook posts, Tweets, Online tinder Q) () PINTEREST
7 9,722

Reviews 590,278
- Queries to Google, Clicks, Browsing behavior, Ads VINE
- Facebook likes and comments, Twitter retweets

- The Web graph, Facebook friends, Twitter followers
Movement data, Trajectories,

Mobile use, telephone calls
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Machine and workflow monitoring e o

- Everybody collects data! e S R T
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The data Is complex and interconnected

Multiple types of data: database tables, text, time series, images,
videos, graphs, etc

Spatial and temporal aspect

Interconnected data of different types:

- From the mobile phone we can collect, location of the user, friendship
Information, check-ins to venues, opinions through twitter, status updates in
FB, images though cameras, queries to search engines



Data creates value
Go SIF: gme of ] a

game of thrones
game of thrones season 5

game of thrones season 4
game of war

Press Enter to search.

Detect language ~ English =

Natural language
Enter text Translation understanding Is
driven by data

Open in Google Translate Feedback



Data Creates Value

The NLP revolution relies on massive
amounts of text data

write a short review of the last season of game of thrones from the
point of view of an avid fan.

®  Asan avid fan, the final season of Game of Thrones was a bittersweet experience. The stunning
visuals and epic battles were thrilling, showcasing the show's high production values. However, |
found myself yearning for the intricate storytelling and character development of earlier seasons. Key
moments felt rushed, leaving beloved characters with unresolved arcs. While | appreciated the
emotional highs, the ultimate conclusions didn’t resonate as deeply as | had hoped. It was a ride full

of excitement, but also a poignant reminder of what the series once was.

)



Data creates value

Precision/Personalized medicine:
Find the best treatment for patients
using their genotype and all data
that are related to them

Also: understanding drug side-
effects through google queries




Data creates value

The self-driving car's sensors

Just like a person has five
senses, Google’s self-driving car
has a variety of gadgets that
detect nearby objects so it can
avoid them.

Global Positioning
System software
Helps car determine

its location. 5 f
Orientation sensor

Position sensor

hub, this sensor helps ear, sensing motion
determine car’s location and balance.
from wheel rotations. P

Radar

Measures
speed of cars
ahead.

How the car operates

@ Any object the vehicle's
sensors spot is interpreted
by software to determine if
it's a pedestrian, cyclist,
vehicle or something else.

@ Using what it's learned
from previous driving, the
software makes
predictions about what
objects will do next.

© The software analyzes the
information to decide
whether it is safe to
accelerate, turn or hit the
brakes.

Source: Google
Graphic: Tribune News Service

Located in car’s interior,
Located in the wheel it acts like the car's inner

Laser

Provides a 360-degree
view around the

car and helps
determine its

location.

Microphone e Videocameras

Can detect § | With one on each

sirens of 3 of the car’s four

approaching | % & '« | comers and

emergency \ another on its

vehicles. — roof, they help the
P car recognize

objects around it.

researchers monitoring sensor data see
« as they ride in the vehicle.

@ Other vehicle

Pedestrian
[1 cyclist
[T Objects that warrant caution

A crosswalk, indicating
N the car needs to stop

7= Atraffic signal, warning of
= upcoming railroad tracks

Path where Google's car
intends to go

Self-Driving Cars.

Car Is the next computer. A
future of smart cars that can
drive themselves and learn
from data

Also: smart cities — urban
computing
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Data creates value
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Data creates value

_ G

- — = real path

| —— predicted path

“ (Particle Filter)
predicted path
(Gravity Center) |

______ predicted path

(Median value)

Use of data for crisis management




Data creates value

- Sports Analytics: All major athletes and teams collect and analyze
data. a AT NETTTN

©ad)
- Injury prediction and prevention \’“‘
- Team Strategy
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Data creates value

Applications of data science in finance

From sources across the web

. Fraud detection v R ~ Algorithmic trading v Risk analytics v
o i
Consumer analytics v Customer data manage... v Personalized services v
Predictive analytics v = Credit allocation v — Automated risk manage... v
. (=

15 more Feedback



Putting it all together: The Data Mining Pipeline (LinkedIn)

Data Pipeline Model Fitting Pipeline (Hadoop)

feature extraction . e . S
offline modeling fitting nearline modeling fitting

(cold-start model) (warm-start model)

feature transformation

user modeling

daily/weekly minutes/hourly

Online Serving System

data tracking & logging multi-pass rankers candidates generation

online A/B test
model evaluation

real-time feedback




Data Mining Example

Suppose that you were creating the Greek Facebook.
What kind of data would you collect and store?

Posts, content of posts

Social network contacts . . : :
Interactions with feed: Clicks, Likes, Comments, Shares

Interaction with contacts: messages, likes, replies, shares Photos

Videos uploaded videos consumed

Demographics: Age, City, etc Ads seen, ads clicked

Products bought
and many more!

What would you do with this data?
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Exploratory Analysis

Make measurements to understand what the
data looks like

Example: Posts
- How often do users posts, how many posts per

user, when do they post, is there a correlation In-degree (total, remote-onlyd distr.
between number of posts and number of friends, S
1e+89 | atal i1n-degrese O -
etc .
] ] ] ] le+B@82 # Remote-only in-degrees + —
This is one of the first steps when collecting teva7 b ¢

let+di
1868680

data.

- Metrics: Deciding what to measure is important Laman

18688

humber of pages

1848
18

The example of the Web graph

1

1 18 188 laaoaa
in—-degres
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Exploiting similarities

- Consider the following data for six users:
- Number of times they have clicked on posts from these pages

- ESPN MSNBC Wall Street

200 400 20 10 4 1
100 60 1 3 1 1

2 1 12 90 100 80
3 4 9 100 80 70
4 5 30 300 200 500

- What conclusion can we draw?



Exploiting similarities

- Two types of users and two types of pages
- Sports and politics

-

- Questions:
- How do we compute similarity?
- How do we group similar users? Clustering



Exploiting similarities

- What if we were missing this entry?

- ESPN MSNBC Wall Street

200 400 20 10 4 1
100 ?7?7? 1 3 1 1

2 1 12 90 100 80
3 4 9 100 80 70
4 5 30 300 200 500

- Can we fill this value?
- Similar users like items similarly: Recommendation systems



Amazon Recommendations

“People who have bought this also bought...”

amazon
S

A huge breakthrough for amazon '

A big breakthrough for data mining in general




Making predictions

Filling the missing value can also be viewed as a prediction task

Types of prediction tasks:

- Predicting a real value (e.g. number of clicks): Regression

- Predicting a YES/NO value (e.g., will the user click?): Binary classification

- Predicting over multiple classes (e.g., what is the topic of a post): Classification

Can you think of prediction/classification tasks for your social

network?
Predict if a post is offensive

Ad click prediction Like prediction
Predict if a photo contains nudity

Ad clickthrough prediction by et it a user will like a post over another:

Learning to rank



Tid Refund Marital Taxable

Status Income Cheat

P . 1 |Yes Single 125K No
ClaSSIflcatlon 2 |No Married |100K No
3 No Single 70K No
Classification process: A I i
- Find features that describe an entity. 6 No  |Married 60K  |No
- Use examples of the classes you want to predict. e :I':;’Ir:ed S
- Learn a model (function) that predicts 9 |No  |Married |75  |No
10 |No Single 90K Yes
Classification is the engine behind the Al A
. Yes No
revolution \
: .. NO MarSt
- Used in all systems that make decisions Single. Divafced e
- Became very powerful with Deep Learning | / K

¥ |' t. _ o TaxInc NO
uge applications In vision < 80,f/ %‘SOK
NO

YES



Deep learning

- Machine learning systems that use neural networks with multiple
layers and are trained on very large quantities of data

- Able to learn complex representations and powerful models.

- Applications in recommendations, network analysis, text analysis, image
recognition, car driving, playing games...

: : : ARTIFICIAL
- Require less feature engineering INTELLIGENCE

MACHINE
LEARNING

DEEP

LEARNING
DA DA
DA

1950's 1960's 1970's 1980's 1990's 2000's 2010's

Since an early flush of optimism in the 1950s, smaller subsets of artificial intelligence - first machine learning, then

deep learning, a subset of machine learning - have created ever larger disruptions.



Generative Al

Machine learning tools that generate realistic text or images
- ChatGPT
- DALL-E 2, Midjourney

Trained on massive amounts of data to predict missing words, or the
next frame in a video
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The social graph

- Your Greek Facebook also has a social graph. What can you do
with this data?



Node importance

- What is the most important node In
this graph?

- The PageRank algorithm: A node is

Important is it is pointed to by other
Important nodes

O
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The Web as a graph

GO gle game of thrones A “

When rankl ng pag eS, the Web Images News Videos Books More = Search tools
aUthorItatlveneSS IS About 161,000,000 results (028 seconds)
factored in the ranking.

Game of Thrones (TV Series 2011-) - IMDb

° www.imdb.comAitle/tt0944947/ ~
Th IS IS the Idea that made % %% %% Rating: 9.5/10 - 724,340 votes
G Oogle a Success arou nd The IMDB page for HBO's "Game of Thrones" television series, based on A Song of Ice
2000 Fire. Contains information on cast and crew.
Full Cast & Crew - Episodes - Season 4 - Emilia Clarke

TOd ay a |Ot more Game of Thrones - Wikipedia, the free encyclopedia

1 1 1 1 en.wikipedia.org/wiki/Game_of_Thrones ~

I nfo rm atl O n IS u Sed ’ | I ke Game of Thrones is an American fantasy drama television series created for HBO by
1 1 1 David Benioff and D. B. Weiss as showrunners and main writers. Itis an ..

CI I C kS ) b rOWSI n g be h aVI O r1 List game thrones episodes - Season 5 - Characters - Season 1

Game of Throne

etc The Official Website for the HBO Series Game of Thrones ... Amerncan Television Series

° Ran k|ng Of the pages |S a www.hbo.com/game-of-thrones ~ *hhk* 9510 - IMDb
The official website for Game of Thrones on HBO, featuring videos, images, schedule *Hkdd 9/10 - TV.com
Ve ry Com plex taSk th at information and episode guides.
req U | reS Soph |Stlcated George R.R. Martin's best-sellin_g bopl-
. In the news brought to the screen as HBO sinks its
teCh n | q UeS tlje medieval fantasy epic. It's the depi
Filming 'Game of Thrones' where winter never comes E‘lggf’ng“ad dq“e;'frék”'gms and renega

CNN - 14 hours ago

— . . " . . » R B B N )



GO _ _;816 game of thrones Search |

Web Images Mews Videos Books More - Search tools

Page 10 of about 159,000,000 results (0.45 seconds)

Game of Thrones Show Summary and Episode Schedule ...
www.pogdesign.co.uk/cat/Game-of-Thrones-summary ~

Game of Thrones. Seven noble families fight for control of the mythical land of
Westeros. Political and sexual intrigue abound. The primary families are the Stark, ..

Will Bibi's Doomsday Speech Matter? - The Daily Beast
www.thedailybeast.com/.../bibi-israel-in-deadly-game-of-thrones-with-ir... =

2 days ago - “In this deadly game of thrones, there's no place for America or for Israel,
no peace for Christians, Jews or Muslims who don't share the Islamist ..

Is "Winds of Winter' finished? 'Game of Thrones' Nikolaj ...

www.zap2it.com/.../is_winds_of_winter_finished_game_of_thrones_nik... ~
6 hours ago - Nikolaj Coster-Waldau of Game of Thrones Is "Game of Thrones" fans'
impatient wait for George R.R. Martin's next book, "The Winds of Winter," ..

Sand Snakes or Snow Snakes? Not Everyone Is Happy With ...
www.styleite.com/.../sand-snakes-or-snow-snakes-new-game-of-thrones-... ~

2 days ago - Game of Thrones is getting a trio of badass new female characters next
season. Obara (Keisha Castle-Hughes), Tyene (Rosabell Laurenti ...

MG The 'Gamea O Thronee' S[and Snakec | nnk Amazinn



Friendship suggestions

- LinkedIn, Twitter, Facebook friendship suggestions

- Useful for the users to discover their friends, but also useful for the network in order
to grow, and increase engagement

- LinkedIn success story

inf W § £

- Triadic closure principle: Links are created in a way that usually closes a
triangle
- If both Bob and Charlie know Alice, then they are likely to meet at some point.
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What is Data Mining again?

“Data mining is the analysis of (often large) observational data sets to
find unsuspected relationships and to summarize the data in novel ways
that are both understandable and useful to the data analyst” (Hand,
Mannila, Smyth)

“Data mining is the discovery of models for data” (Rajaraman, Ullman)

- We can have the following types of models
Models that explain the data (e.g., a single function)
Models that predict the future data instances.
Models that summarize the data
Models the exiract the most prominent features of the data.

“Data Mining is the study of collecting, processing, analyzing, and
gaining useful insights from data® — Charu Aggarwal
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Why data mining?

Scientific point of view
- Scientists are at an unprecedented position where they can collect TB of information
Examples: Sensor data, astronomy data, social network data, gene data
- We need the tools to analyze such data to get a better understanding of the world and
advance science and help people
Commercial point of view
- Data has become the key competitive advantage of companies
Examples: Facebook, Google, Amazon
- Being able to extract useful information out of the data is key for exploiting them
commercially.
Scale (in data size and feature dimension)
- Why not use traditional analytic methods?
- Enormity of data, curse of dimensionality

- The amount and the complexity of data does not allow for manual processing of the data.
We need automated techniques.



Data Mining: Confluence of Multiple Disciplines




The buzz around data

Data Science: Data is useful to understand a process and improve it. All
organizations should have a data science team that analyses their data and
proposes improvements

- Focuses on more immediate applications and insights

Big Data: Data appear everywhere. We should process it collectively and
Interconnect them. We need infrastructure (cloud computing, cloud storage) to
do this

- More systems oriented

Al/Machine Learning/Deep Learning: These have been around for a while but
now we have the data to learn more complex models that are significantly
more powerful

- More emphasis on scientific breakthroughs



New era of data mining

Boundaries are becoming less clear

- Today data mining, machine learning, and Al are synonymous. It is assumed

that the algorithms should scale. It is clear that statistical inference is used
for building the models.

- Data is the engine for Al
- Data Mining touches everything related to data.



Which also has a dark side

Are the algorithms making fair
and correct decisions?

Do algorithms create filter
pubbles, echo chambers, and
oromote misinformation? Are
they a threat to democracy?

Survelllance capitalism
Black box society
Is Al a threat?
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The Skills of a Data Miner — Data Scientist
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Substantive

It Is a hard job



But also a rewarding one

"The success of companies

like Google, Facebook,

Amazon, and Netflix, not to
mention Wall Street firms and
iIndustries from manufacturing
and retail to healthcare, Is
iIncreasingly driven by better
tools for extracting meaning
from very large quantities of
data. 'Data Scientist' iIs now
the hottest job title in Silicon

Valley."

— Tim O'Rellly

Sexiest job but...

Data Scientist: The Sexiest Job of the 21st
Century

by Thomas H. Davenport and D.J. Patil

Comments (87) [:]mn Q+1]
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