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Arrangement

= Prerequisites:
" Basic statistics, probability, linear algebra

= Basic Computer Science fundamentals
" programming (Python)
= data structures
= algorithms
= database systems

= 26 hours Lectures + 13 hours Lab
= Fjve lab sessions
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What is big data?
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Definition of big data

Definition 1: a combination of structured, semi-structured and
unstructured data collected by organizations that can be mined
for information and used in machine learning projects,
predictive modeling and other advanced analytics applications.

Definition 2: “Big data is high-volume, high-velocity and high-
variety information assets that demand cost-effective,
innovative forms of information processing for enhanced
insight and decision making.” -- Gartner

Characteristics of big data (4Vs)
= Volume, Velocity, Variety, Veracity
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Characteristics of big data (4Vs)

Volume, Velocity, Variety, Veracity

SCALE OF DATA FORMS OF DATA
VOLUME VARIETY

VELOCITY VERACITY
ANALYSIS OF DATA-FLOW UNCERTAINTY OF DATA




Number of active users in millions

Volume: scale of data

Data volume is increasing exponentially

Generated by huge number of devices and sensors

" The number of smartphone mobile network subscriptions
worldwide reached almost 6.4 billion in 2022

Most popular social networks worldwide as of January 2023, ranked
2514 by number of monthly active users (in millions)
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Velocity: speed of data generation

= Datais generated fast
= Data need to be processed fast

= Online Data Analytics: late decisions mean missing opportunities
= e.g., 1: Based on your current location and your purchase history,

send promotions right now for store next to you

= e.g., 2: Sensors monitoring your activities and body, notify you if

there are abnormal measurements

Amount per minute

Emails sent 231400000
Cryptocurrency purchased (USD) 90200000
Texts sent 16000000
Searches conducted on Google 5900000
Snaps shared on Snapchat 2430000
Pieces of content shared on Facebook 1700000
Swipes on Tinder 1100000
Hours streamed 1000000
USD spent on Amazon 443000
USD sent on Venmo 437600
Tweets shared on Twitter 347200
Hours spent in Zoom meetings 104600

USD spent on DoorDash 76400

Media
usage in an
internet

minute as of
April 2022



Variety: data in many forms

A single application may generate/collect many types
of data, e.g., types of data are stored in emails

* Tabular data: attributes like subject, to, from
= Text (in email body)
" |mage (in attachment)
= Hyperlinks
Types of data
= Relational Data (e.g., Tables)
"= Text Data (e.g., comments)
» Semi-structured Data (e.g., XML)
= Graph Data (e.g., social network)
" What else?
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Data in Many Forms

John likes to
watch movies.
Mary likes
movies too.
Signal
Text (Voices: Audio)
A 2 3 4
signal1l signal2 1 0 /12143 o
T”p'eJohnalsgCrikesto 13.58 | 7.24 2 [1.2] 0 [0.8] 0
1 watch football 12.11 | 12.50 2 4(-)3 0(-)8 206 2(-)6
John ks to watch i E Node1NodeZI Weight
2 movies. Mary likes 11.25 | 10.98 1 1 5 1.2
movies too. 14.57 13.75 2 1 3 4.3
13.22 | 9.02 3| 2 3 0.8
4 3 4 2.6
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Is the data accurate?

Measurement error

Veracity: uncertainty of data

= Human errors like typos in names/addresses

Does the data come from a reliable source?

What if data from different sources are not consistent?
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Lumia 650 Case, CoverON [HexaGuard Series]
Slim Hybrid Hard Phone Cover Case for
Microsoft Lumia 650 - Black & Black

e CoverON Store

5 ratings

Vis

Currently unavailable
We don't know when o if this item will be back in stock.

Color: Black & Black
Material Silicone, Rubber, Polycarbonate
Brand CoverON

Color Black & Black

Compatible Phone ~ Microsoft Lui
Models

About this item

+ CoverON [HexaGuard Serics] protective hard hybrid case for the Microsoft
Lumia 650

+ Hard polycarbonate outer layer combined with a soft flexible rubber silicone
inner layer

« Enhanced "basketball” grip on the back

« Shock absorbing and protective yet thin and lightweight

« 90 day manufacturer warranty

Fake, Paid-For Reviews in Amazon

o ¢ This case is really good, it looks very nice and doesn't add bulk ...
sy I o Janvary 16, 2016

Color. Black & Black

The case is lightweight and slick. This case is really good, it looks very nice and doesn't add bulk or excessive

size to my phone. It is so easy 10 get in and out of my pocket and the color is n-cc( It fits snuggly and provides

good protection Jit's so pretty and it seems durable. | receive this product to give honest review.

» 2 comments 0 of 8 people found this helpful. Was this review helpful to you? | Yes No Report
abuse

YT Tr T yr it protects well and feels good on my phone
sy N o~ January 20, 2016

Color: Black & Black

This casulhls my phone well and is very durable. It protects well and feels good on my phone. b received this for
free for doing this review.

» 2 comments 0 of 8 people fou is helpful. Was this review helpful to you? | Yes No Report

abuse

WY Full phone protection.

By MM on January 17, 2016

Color: Black & Black

| receive this case yesterday and give this CoverON HexaGuard series hybrid case for the Microsoft Lumia 650
for a family member.[Thls case really protects the phore}md this case is an excellent choice for those who want
the protection of a 2-layer hybrid case, however it does add some bulkiness to the phone. The tittle said its slim,
but for me it's a little thick but to whom I've given it 1o, he said it's great. This case has a flexible rubber silicone
skin as inner shell with thicker extra padding on the comers. Then a tough polycarbonate cuter shell. | got this at
a discounted price.
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Applications of big data in Al

Artificial Intelligence: the theory and development of computer
systems able to perform tasks normally requiring human
intelligence dotcone T

Before the Age of “big data”
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EL|ZA iS an ear'y natural Ianguage Eliza is a mock Rogerian psychotherapist.

The original program was described by Joseph Weizenbaum in 1966.

processing Computer program Created This implementation by Norbert Landsteiner 2005.

from 1964 to 1967 at MIT ELIZA:

YOU:

On May 11, 1997, an IBM computer S

ELIZA:

called IBM Deep Blue beat the world  Eze

ELIZA:

chess champion after a six-game match J@iE

ELIZA:

YOU:

ELIZA:

YOU:

Is something troubling you ?

Men are all alike.

What is the connection, do you suppose ?

They're always bugging us about something or other.
Can you think of a specific example ?

Well, my boyfriend made me come here.

Is it important to you that your boyfriend made you come here ?
He says I'm depressed much of the time.

I am sorry to hear that you are depressed.

It's true. I am unhappy.

Can you explain what made you unhappy ?

Big data has changed Al: “Al Would Be Nothing Without Big Data”

= “Datais the new oil”
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Big data and the development of Al

Boom
The development of ‘expert
systems’ gained adoption
amongst corporates.

The Golden Years
Early successes in the field
driven by investments by
the newly formed DARPA

More Tools
Widely available tools
and frameworks

More Compute

GPUs optimized for Al
1?56 More Data
The founding of the Al This achiars of the
field at thelRiRER The First Al Winter Internet of Things era
Workshop High expectations were Bust
impossible to fulfill. The lack of Funding cuts to Al
compute power meant that reduced adoption.
few useful things could be
accomplished.
1960 1970 1980 1990 2000 2010 2020
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Recent breakthroughs in Al

GPT-1, BERT
L 67(‘0\91»\

Neural ChatSPT &
| eans | e Stable

GPT-3 & Self- Diffusion
Supe,r‘v?sed
[ Alpha&o J Le,aming
2015 ’L 2017 2014 ,L 2021 2023
I ) 0O\ @) m
\ \J O W/ U
2016 T 201 2020 2022
Compu’te_r vision Tronsformer Al haFou 2,
switches to architecture DALL E &L
neural nets. GitHub Copnl
VAESs &P T-2 &
w t
Residual Nets, I pro\fsd @ene;o]; ve,J
RNNs & LSTMs Grenerative

Models

At the 2017 Future of Go Summit, the Master version of AlphaGo beat Ke Jie, the
number one ranked player in the world at the time, in a three-game match, after
which AlphaGo was awarded professional 9-dan by the Chinese Weiqi Association
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Application 1: Recommender system

Recommendation
= Ex: Amazon, YouTube, Netflix, ......
= What item for what people?

= How to improve users’ satisfaction?

Recommended for You Based on Kindle Paperwhite, 6" High Resolution
Display w...

SE2AANEEBRE
MoKo Case for Kindle Swees Ultra Slim Leather Fintie SmartShell Case for
Paperwhite, Premium Case Cover for Amazon Kindle Paperwhite - The
Thinnest and Lightest All-New Kindle Paperwhite Thinnest and Lightest
Leather Cover with... (Both 2012... Leather Cover for...
i e v Y v 898 Wit irirs'r 273 Wiyl 7,015
$9.99 Prime $3.99 Prime $14.99 /Prime
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Kindle Paperwhite, 6" High
Resolution Display (212
ppi) with Built-in Light, Free
3C...
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Application: Recommender system

More recommender systems:

= News feed

= Music feed

= Twitter feed

9:41

CONAN iy
05 BR N AFriend

Music  Podcasts & Shows NEEDS A !
FRIEND .~

@ Good morning

@  Liked Songs
|

Delusién

In Her Shoes:
Margaret Cho

et

N Productive
IS Morning
b

%:{' ego apartment

EGOAPARTMEN

Album « egc

v

@ Rigby liked

patel @patel_232 -2h

My grandmother said “ be as kind to
yourself as you are to your friends” and
I've never been the same.

9} 1 Q2

Jaco J. # @iamjacoj - 4h
My plants are going to be happy.

Q4 0 QO s8

13 Cleve Retweeted

<+

Home shows your top
Tweets first

<2 Pinyour Latest timeline

Ti ple you follow
n Home,

{8}  View content preferences

Cancel

all T -
+
=4 e
Latest Tweets

Cordeiro liked
Brie @sktch_comedyfan-1m
A wonderful sight at the end of the day.
Sandhill cranes over the Platte River

andrea # @andy_landerson-5m
So0000 excited to finally share a sneak
peak of some new work.

Will be posting publicly soon!

) 58
Q s8

Harold a @h_wang84-10m

After much thought and consideration,
the name “bob” no longer serves me.
Please from this moment forward, call me
Sasquatch King.

e} ) os N
Becca @CleverWordplayr - 15m

A list of flavored sparkling waters

don’t, but should, exist: Onion Zesi
Refreshing Raisin, Totally Thyme, an

1} Q Q &

15



Application: Web search

Web search

Image search

Virtual assistant
High-frequency trading

Google

COMP4434

big data computing learing materials

Images Pdf Github Free For beginners Videos News

About 1,400,000,000 results (0.52 seconds)

- Teach Computing
= https://teachcomputing.org » key-stage-4 > online-safety

Lesson 3 Big data

In this lesson, learners will be introduced to the concept of big data and learn how it is

used and why. They will be tasked with identifying what data they ...

People also ask

What do | need to learn for big data?

What are the 4 computing resources of big data?
What are the 3 major components of big data?

What are the tools and languages used in big data?

® Shiksha

https://www.shiksha.com » ... » Articles > Technology

Best Online Resources to Learn Big Data in 2023 (Courses ...
22 Nov 2022 — Best Resources to Learn Big Data - Courses - Podcasts - Books -
Data Blogs - YouTube Tutorials - GitHub Repository — Awesome Big Data.

Sun, 19 Nov  Big Data Engineer

Analytics Vidhya
https://www.analyticsvidhya.com > resources-big-data

Best Resources to learn Big Data

A comprehensive list of all Big Data Resources for data science professionals.

Big

& Q
Shopping

v

v

v

v

Feedback

16
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Application: Chatbot (e.g., ChatGPT)

Write essays:
https://youtu.be/olLjZva6lvLl

Programming:
https://youtu.be/TIDA6pVJEEQ
https://youtu.be/B3yukK2XHmvM

Conversation:
https://youtu.be/GYelJC31JcMO

+ New chat

(3 Al Chat Tool Ethics

ChatGPT

(3 Al Chat Tool Impact Writing
[ New chat "
ok %4 VAN
3 New chat Examples Capabilities Limitations

3 New chat

[ New chat
any creative ideas for a 10

eative ideas
3 New chat year old’s birthday?" —

“How do | make an HTTP request
in Javascript?” — requests Limited knowledge of world and
events after 2021

W Clear conversations
0= Light mode
@ OpenAl Discord

 Updates & FAQ

[ Logout


https://youtu.be/oLjZva6JvLI
https://youtu.be/TIDA6pvjEE0
https://youtu.be/B3yuK2XHmvM
https://youtu.be/GYeJC31JcM0

Application: Disease treatment

Disease Treatment: Joint research between Google
DeepMind and Moorfields Eye Hospital

" Eyecare professionals diagnose eye conditions by using
optical coherence tomography (OCT) scans (over 1,000 a

day at Moorfields alone)

= Achieving expert error rate 5.5% comparably to the two
best retina specialists (6.7% and 6.8% error rate)

COMP4434
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Application: Autonomous driving

= https://www.notateslaapp.com/news/1579/musk-live-steams-
fsd-v12-and-it-s-too-human-why-that-s-a-problem-video

19
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Application: Drug design (e.g., AlphaFold)

Sequence Library

H

[

& o = £ ,
% “}\LA 'é;""f~,‘ :/': \:i; 'y ‘1‘ L
q -t < |

L
Potein Sequence
NNORGQSLHIPSSTPIKENNIYVATLHSVIQTDF SGEIKHQFTYEIEVNNQIVYANRNIPTKP

SANQLSIHDWLKRHSNYSASHENYEPYIDQKHLILLGQYNGNYYVQDVASLDAFGGVLS

THE NOBEL PRIZE
IN CHEMISTRY 2024

= Asolution to a 50-year-old grand
challenge in biology

IDEWVile! Demis John M.
Baker Hassabis Jumper

“for computational “for protein structure prediction”
protein design”
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An example in drug design

Al Discovers Target Al Predicts Cystal Al Generates Molecules

“panda*Omics AlphaFold Chemistry42 | Validation

Dark
Target

CDK20
o First-in-class B

Identification Predicted structure Novel Small Predicted In Vitro Validation
of CDK20 for dark target Molecule Inhibitor binding pose Anti-proliferation

CDK20 ISM042-2-048 ks Activity
I

2 rounds of compound generation in Chemistry42
e First round generated Second round enhanced
o% bioactive compounds ) % compound activity

d o SBDD approach Privileged Structure approach
KD (nM) =7300 KD (nM) = 180

Feng Ren, Xiao Ding, MinZheng, Mikhail Korzinkin, Xin Cai, WeiZhu, Alexey Mantsyzov, Alex Aliper, Vladimir Aladinskiy, Zhongying Cao, Shanshan Kong, XilLong, Bonnie HeiMan Liu, Yingtao Liu,
Vladimir Naumov, Anastasia Shneyderman, Ivan V. Ozerov, Ju Wang, Frank W.Pun, Daniil Polykovskiy, Chong Sun, Michael Levitt, AlénAspuru-Guzik and Alex Zhavoronkov

Feng Ren, PhD . Michael Levitt, PhD \# Alan Aspuru-Guzik, PhD

@) _?.013 No_bel Laureate Professor and Director,
in Chemistry University of Toronto,

Alex Zhavoronkov, PhD

Founder & CEO, ; Co-CEO & CSO,
Insilico Medicine Insilico Medicine Professor, Stanford University,

6 . : Former professor,
Weizmann University

Harvard Universitv
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We can do more

L

Vidvan

Security & i
y Education £l

Healthcare
Defense Finance

Autonomous
)2 Vehicles

Manufacturing | Entertainment @ Workplace
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Raw Data

-

—

Big Data Analysis Procedure

—

Data

Preprocessing

Noise Cleaning

Transformation

Feature
Selection

Unstructured Semi-
Structured Data b .
Database Vldep
Audio
Data Warehouse .
Images XML files
ERP Systems 3
Excel files Doc files
PDF files
etc
ETL
LAYER
— Client Data

@@@

My JuL ORACLE

IFirewaIl

—— Staging Area —

DATA

)

Domain Models

Domain
Knowledge.
| about which
. information is
| useful to build
' models |

Data Analytics

/_M F

Data
Interpretation
Real Value
Prediction
Categorical Value
Prediction

Verification Discovery
Hypotr\eSIs ¢ Prediction Description
Testing .

Classification

PREPERATION LAYER

@ python

» Outlier Treatment

AracHE

Spar

Data Cleansing

» Missing Value Treatment

© R

!

Xoriant Data
Presentation Area

FEATURE
ENGINEERING LAYER

Regression

Clustering

Correlation

Mining

MODEL BUILDING &
VALIDATION LAYER

[ UI/ Application ~ |

REPORT &

VISUALIZATION LAYER

Custom

@ python”
(( > Java

I\l NET

Filtering,
Splitting,
Joining,
Business
Rules, etc.

» Descriptive Statistics
» Correlation Analysis
Data Exploration

@ python™  Sgark’ @ python’ sﬁdﬁ:z @
Data - Advance _
Transformation Analytics Platform
» Log » Machine Learning
» Box Cox » Regression id
» Principal Component » Classification
Analysis (PCA) » Clustering
» Factor Analysis » Cross Validation
t . | » Testing
% »
pi
Synthetic )
Feature Generation
» Brainstorming
» Subject Matter -
Expertise
» Heuristic
Engineering

— 3rd Party Tools —

Qlik@

++
yytableau
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Relations among big data analytics and Al

Artificial
Intelligence

Machine
Learning

Data Science

Deep
Learning

COMP4434
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~:Dimensionality reduction

S
’

’ t der, SVD ©
(autoencoder ) A
Clustering: K-means 00
Ay
%,
Q/})ef'pj.
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