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Big Data: "
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Lecture material is mostly home-grown, partly
taken with permission and courtesy
from Professor Shih-Wei Liao of NTU.

Outline

® What is Big Data? (The Big Data Phenomena)
® Big data examples

® Big data concepts

® Challenges and opportunities

® Summary

® Next: Big Data Computing & Systems
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Size of Data

e What is the maximum file size you have dealt with so far?
> Movies/Files/Streaming video that you have used?
> What have you observed?

e What is the maximum download speed you get?

| Size | Binary size
10° 10

e Simple questions:

° What'’s the capacity of your HD? e(MB) | 108 | 220
> You know GB, TB, right? ﬂ'ga?ﬂ_e (GB) :511 0; f;; ._
> How about PB, EB, ZB, or YB? petabmﬁ}) 1‘3‘15 P

j | e ey
_ _ zofiabyte (ZB) 105t | 2%
Still no idea?  yottabyte (YB) | 10% | 2%

Scale of Data in Bytes
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( )
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ata in Bytes

wme [ symbo JBnay — Joma

byte B 21 byte 10%1

kilobyte K8 2%%21.024 byte (8) 10%1.000

megabyte MB 221048576 B 10%1.000.000

gigabyte GB 2%941.,073.741.824 B 10% 1.000.000.000

terabyte 18 2%041.099.511.627.776 B 10%+1.000.000.000.000

petabyte PB 2%9s1.125.899.906 842624 B 10" #1.000.000.000.000.000

exabyte EB 2%921.152 921,504 606 846 976 B 10%=1 000.000.000.000.000.000

zettabyte B 27°21,180,591.620.717.411 303424 B 10 =1.000.000.000.000.000.000.000

yottabyte  YB 2%:1208925.819614.629.174.706.176 B 10%'=1,000.000.000,000.000.000.000.000

brontobyte BB 2%21.237.940.039285.380 274 899.124.224 B 10721 000.000.000.000.000.000.000.000.000

geopbyte  GeB 220051 267.650.600.228.229.401 496,703 205376 8 10%=1.000.000.000.000.000.000.000.000.000.000
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What is Big Data?

1.7MB of data is created per second per person.
90% of world’s data has been created in past 2 years.
328.77 million terabytes is created every day.

463 exabytes (10'8) of data each day by 2025.

95 million photos and videos shared every day on IG.

120 zettabytes data worldwide in 2023. Will reach 181
zettabytes by 2025.

15.14 billion 10T devices are connected worldwide.

e To download all the data on the internet, an internet user
will need approximately 180 million years.

(https://www.demandsage.com/big-data-statistics/)
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Data Everywhere %

® Lots of data is being collected and warehoused

o Web data, e-commerce Smart Home 3
v B A

° Purchases at department/ > N m

grocery stores L

> Bank/Credit Card
transactions

> Social Networks r. B,
Photos/Videos sharing b
b
Smart home loT sensors I
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o

o

o

Robots, UAV/UGV

Huge Amount of Data

® There are huge volumes of data in the world:

» From the beginning of recorded time until 2003,
we created 5 exabytes of data.

»1n 2011, the same amount was created every
two days.

»In 2013, the same amount of data is created
every 10 minutes.

»In 2020, every person generates 1.7 MB in just a
second (146.88 GB a day)!!

»In 2023, the data volume worldwide is 120 ZB.

CSIE59830/CSIEM0410/AIIA50050 Big Data Systems Introduction 8

Note 4



CSIE59830/CSIEM0410/AIIA50050 Big Data Systems

e 2.4b(2014), 3.4b(2016), 3.8b(2017), 4.4b(2019), 4.66b(2020),
5.18b(2023) internet users worldwide.

e Every minute on the Internet:
o Netflix users stream 452K hours of video
o Instagram users share 66K photos and video
o Youtube users upload 500 hours of videos
o Twitter users send 575K tweets
o Facebook: 2.1M active users
o Spotify add 28 tracks
o Email users send 231.4M messages
o Zoom hosts 104.6k hours of meetings
o Google users conducts 5.9M searches
o Consumers : 6M shopping online

640K ought to be enough
for anybody.

(https://www.domo.com/data-never-sleeps)

(https://localig.com/blog/what-happens-in-an-internet-minute/ )
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STREAMING
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Activities in 60 Seconds

5.9 million Google searches take place.
More than 231 million emails are sent.

Instagram users share around 66,000 photos.
1.7 million content pieces are shared on Facebook.
16 million text messages are sent.

Around 347,200 tweets are tweeted on Twitter.
Over 120 professionals join LinkedIn.
(https://www.demandsage.com/big-data-statistics/)

Around 500 hours of videos are uploaded on YouTube.

More than $443,000 is spent by consumers on Amazon.
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Fallen Cost of Processing

® The cost of processing continues to fall (eg. cost of

sequencing a full human genome):

Cost of sequencing a full human genome

The cost of sequencing the full genetic information of a human, measured in USS. This data is not adjusted for
inflation.

$100 million

$10 million

$1 million

$100,000

$10,000

$1,000

2001 2005 2010 2015 2021
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Semi-/Unstructured Data IS®
Growing Much Faster

e Traditional data is structured (text, tables, DB, ...).

® New data is mostly semi- or unstructured (XML,
audio/video, graphs, ...) which is growing much
faster.

Exhibit 1: Explosion of unstructured data over structured data

@ Unstructured @ Structured
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The Big Data Phenomena '

® “Big Data” is used to characterize the phenomena:
° Huge data, growing faster than ever!
o Reduced processing cost
o But don’t know how (semi-/unstructured data)

® Jim Gray described the big data phenomena as the
Fourth Paradigm and called for a paradigm shift in
the computing architecture and large-scale data
processing mechanisms.

® Need to develop a new generation of computing
systems and tools to manage, analyze, and
visualize the data flood.
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How Big is Big?

e The size to be considered “big” is changing.

e Big Data was referred to one gigabyte or 1 GB in
1999.

e Today, the term symbolizes peta bytes (1024
terabytes), exabytes (1024 petabytes) or
zettabytes (1024 exabytes).

e Stu Feldman (Chief Scientist of Schmidt Futures,
ex Google VP) says at least 10TB in terms of data
rate.
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Is Big Data a real d|SC|pI|ne
standing on its own? m
e Some heavyweights said “Big Data is not new.

Database and data mining have been around for
more than 30 years.”

e Big data already disrupted the field of data
models and relational database and demanded
new ways of building systems. (E&& i E &

e In the case of data mining, see the free book by
Professor Ullman: “Mining of Massive Datasets”
(http://www.mmds.org/)
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Is Big Data just a small
part of Cloud Computing?

e Some said “Big Data is just a small part of Cloud
Computing. Don’t make a big deal out of it.”

e The truth is:
= They are technologies with different focuses.

o Cloud focuses more on elastic computing and warehouse
computing.

o Big Data focuses more on managing huge data sets for
enterprise cloud and possible-time/real-time analytics.

e It’s a big deal:
= Many impossible business model - possible now.
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Big Data Implication

e Big Data Everywhere
o E.g., Google indexed World Wide Web pages
m  Which demanded the creation of MapReduce and NoSQL.

e Big Data is not just an isolated discipline: Big
Data is not just red hot in one discipline.

e When data explodes, new data properties appear,
new business applications emerge, which solidify
the discipline.
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Big Data Applications

Applications Everywhere: Domain
knowledge, Business models

Analytics: Ad-hoc analytics, statistics,
Al & machine learning

Systems: Tools, Infrastructure
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Big Data from CSO’s
Perspective

e New revenue vs. cost reduction
o Top-line vs. Bottom-line

o CSO (Chief Strategy Officer) vs.
ClO (Chief Information Officer)

e First, here we talk about Big Data from CSQ’s
perspective

e |IBM says, Big Data = Big Business
e Explore new business models and services.
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Perspective
e CIO = Chief Information Officer

Big Data from CIO’s %

e To ClOs, Big Data means:
o No more expensive machines: use commodity systems

o No more expensive DB software: use open-source,
NoSQL/NewSQL/Distributed SQL systems

o No more expensive storage: No RAID. Just common hard
drives

e To ClOs, Big Data means large scale distributed
computing with commodity systems on open-source
software.
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Back to Basics: What is %

Data?

Texts, Records, Statistics...

Intelligence: Usable

Analysis Information: Readable
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Digital World

OVERVIEW OF THE ADOPTION AND USE OF CONNECTED DEVICES AND SERVICES

TOTAL UNIQUE MOBILE
POPULATION

8.01
BILLION
URBANISATION

57.2%

INTERNET
PHONE USERS USERS

35.44
BILLION

vs. POPULATION

68.0%

5.16
BILLION

vs. POPULATION

64.4%

COMPARABILIY:

(https://datareportal.com/reports/digital-2023-global-overview-report)

ACTIVE SOCIAL
MEDIA USERS

4.76
BILLION

vs. POPULATION

59.4%

dre. . CO>Mel
Social eltwater
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Volume of data created and replicated worldwide (soures:10c)
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Big Data Challenges

e Storing and managing of data
® Preparing for scalability
® Timely analytics and actionable insights

e Data quality and security
® Selecting and exploring the right tools
® Need talent and skilled people

® Cost management

® Integration of data from different sources
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Where is Big Data?
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Big Data
Examples

CSIE59830/CSIEM0410/AIIA50050 Big Data Systems
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LHC Aerial Photo

. Maximilien Brice, © CERN .
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Large Hadron Collider (LH

® 150 millions sensors

® 1 billion collisions per second
® Recording 30+ petabytes of data per year
® 100+ petabytes of data are permanently archived

® The data are distributed on the Worldwide LHC
Computing Grid (WLCG) for analysis.

® Shut down at the end of 2018 for major upgrades.
® Became operational again on 22 April 2022.

(https://home.cern/resources/fags/facts-and-figures-about-lhc)

CSIE59830/CSIEM0410/AIIA50050 Big Data Systems Introduction 30

Note 15



CSIE59830/CSIEM0410/AIIA50050 Big Data Systems Lecture 01 Introduction

The Earthscope (HEREE) ik :

- The Earthscope was one of the
world's largest science project(2003-
2018) to track North America's
geological evolution.

- Records data over 3.8 million square
miles with 4,000+ connected
instruments generating 67 terabytes
of data.

- It analyzes seismic slips in the San
Andreas fault, sure, but also the
plume of magma underneath

Yellowstone and much, much more.
(https://www.earthscope.org/)
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WalMart

e World’s biggest retailer
® 10,900 stores across the globe(2023)
® More than 245 million customers

e Walmart Data Café (private cloud) on 250 node
Hadoop cluster

Process 2.5 PB of data every hour.
200 billion rows of transactional data
Information from 200 streaming sources

Algorithms to blaze through them in micro seconds
to come up with real-time solutions.

(https://www.projectpro.io/article/how-big-data-analysis-helped-
Increase-walmarts-sales-turnover/109)
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Facebook(Meta)

® Over 2.95 billion monthly active users(MAU), among
them, 1.62 billion users visit every day.

® Every minute:
° 400 users sign up
° 510,000+ comments are made
© 293,000 status updates
° 136,000 photos are uploaded
° 4 million posts are liked

e Generates 4 petabytes of data per day (stored in Hive
containing about 300 petabytes of data)

(https://thesocialshepherd.com/blog/facebook-statistics)

(https://kinsta.com/blog/facebook-statistics/)
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More Big Data Examples

e 25 Big Data Examples and Applications
(https://builtin.com/big-data/big-data-examples-
applications)

® 14 Big Data Examples & Applications Across
Industries
(https://www.simplilearn.com/tutorials/big-data-
tutorial/big-data-applications)

® Top 10 Big Data Applications in Real Life
(https://intellipaat.com/blog/10-big-data-
examples-application-of-big-data-in-real-life/)
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Who's Generating Big Data®.

1 Oyimmin Mobile devices
% YouITH (tracking all objects all the time)
flickr

Social media and networks  Scijentific instruments
(all of us are generating data)  (collecting all sorts of data)

Sensor ééhnology and
networks
(measuring all kinds of data)

® Progress and innovation is no longer hindered by the ability to collect data

® But, by the ability to manage, analyze, summarize, visualize, and discover
knowledge from the collected data in a timely and scalable way

CSIE59830/CSIEMO0410/AI11A50050 Big Data Systems Introduction 35

/D :
The Model Has Changed... ‘

® The model of generating/consuming data has
changed

Old Model: Few companies are generating data, all others are consuming

New Model: all of us are generating data, and all of us are consuming
data

b

Qi
bl
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What's Driving Big Data L

4 - Optimizations and predictive analytics
- Complex statistical analysis

- All types of data, and many sources

- Very large datasets

- Timely response

HIGH

Predictive Analytics
and Data Mining

COMPLEXITY |
Business

i - Ad-hoc querying and reporting
Intelligence .. q
- Data mining techniques
- Structured data, typical sources
- Small to mid-size datasets
Low BUSINESSVALUE HIGH
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Trend of Big Data & Bl &

® bigdata @ business intelligence

A

WWM/

T MER T WA

ol
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More Trends %

® bigdata @ business intelligence @ artificial intelligence
® machine learning @ loT A/M
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Value of Big Data Analytics© |

® Big data is more real-time
in nature than traditional e il
DW applications

e Traditional DW
architectures (e.g. Exadata,
Teradata) are not well-
suited for big data apps

$150 Big Data Analytics

Data Warehouse
APV

e Shared nothing, massively | | [F——— = — . ==
parallel processing, scale

out architectures are well-
suited for big data apps

2
=]
3

Cumulative Cash Flow
® @
g o

“
b
&

Lid
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Data Business

e Retails(ZE)

o Traffic(338)

e Health(fZER)

e EducationBEE)
e Manufacturing(2i&)
e Contents(BIIAZR)
e Agreculture(BZ)

e Advertising(E)

e Telecommunication(E(S)
e Finance(&Rh)

e Smart grid(EEEMH)
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Global Big Data Market &

100

75

50

Markat volume in billion U.S. dallars

0

2011 2012 2013 2014 2015 2016 2017 2018° 2019° 2020° 2021° 2022° 2023° 2024° 2025° 2026 2027°

(https://www.statista.com/statistics/254266/global-big-data-market-forecast/)
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Another Big Data Forecast %

Big Data Market, By Region (USD Billion)

138.9
2018 a9 20Xe 221 2072
u North America B Europe = APAC § LainAmerica MER,

Source: MarketsandMarkets Analysis

(https://www.gripeo.com/big-data-predictions/)
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Types of Data

e Structured data (Tables/Transaction/Legacy Data)
e Text data (Web)

® Semi-structured data (Email, XML, markup
language code, ...)

® Unstructured data
e Multimedia data (images, audio, video, VR/AR)

® Graph data
> Social Network, Semantic Web (RDF), ...

® Streaming data (sensors, loT, ...)
° Real-time, can only scan it once
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Value of Big Data

® When the data size grows, intrinsic properties of
data emerges.

® “A kilo of data is worth more than a gram of

algorithm”. (—r & BHB—MEEE)

® A small improvement of algorithm is no longer
important.

® The key is what the data tells us.

® The focus is on designing algorithms that scale !!

CSIE59830/CSIEM0410/AIIA50050 Big Data Systems Introduction 45

What to do with these data |

® Aggregation and Statistics
> Data warehouse and OLAP

® Indexing, Searching, and Querying
o Keyword based search
o Pattern matching (XML/RDF)

e Knowledge discovery
o Data Mining
o Statistical Modeling

® Machine learning
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Harnessing Big Data

ol
BUSINESS
:'1
%
2 ”7" P e
& %, S N
& % RTAP
8 % Real-time Analysis Processin)
4 ®
OLAP
= ical Processi
oLTP lytical Processing
Transaction Processing
Fii8EIBOGEEEEEEEESEEEREERERaA AR aRtERES

® OLTP: Online Transaction Processing (DBMSs)
® OLAP: Online Analytical Processing (Data warehousing)

® RTAP: Real-Time Analytics Processing (Big data technology)
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Myths About Big Data

e “Big Data is Only About Massive Data
Volume”
> Volume is just an element of Big Data

e “Big Data is all-powerful”
o Can get All Of The Data
° Big Data Yields Certainty
° Can answer WHY
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3

“Big Data is Only About
Massive Data Volume'?

* 4\Vs

- Volume : The starting point of Big Data, but the least
important of 4 elements.

« Variety : Traditional data management processes
can’t cope with the heterogeneity of big data.

- Velocity : Data is generated in real time, with
demands for usable information to be served up
immediately.

Veracity : Refers to the biases, noise and abnormality
in data. How to make data to be trusted for the
organization to make crucial decision?

CSIE59830/CSIEM0410/AIIA50050 Big Data Systems Introduction 49

Data at Rest Data in Motion Data in Many Data in Doubt
Forms

Uncertainty due to

Terabytes to Streaming data, Structured, data inconsistency
exabytes of existing milliseconds to unstructured, text, & incompleteness,

data to process seconds to respond multimedia ambiguities, latency,
deception, model

approximations
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4 Vs of Big Data

Big data Expands on 4 fronts

A Velocity
1

Volume

>
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4 Vs of Big Data

ETTABYTES

WoH PouLATO 8100
Tre New Yok Sock Bchangs. -
captures ) U
1B OF TRADE M (‘(
INFORMATION @Y
dingeach oo session

Velocity

ANALYSIS OF
STREAMING DATA

Veracity

UNCERTAINTY
OF DATA

18.9 BILLION
NETWORK
CONNECT!
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The speed at
which the data
is generated

The trustworthiness
of the data in terms
of accuracy

Volume
[

13%

|
Va

Veracity

I I
Value

The 5 Vs of BigData

The size of the data

The different
type of data

Just having BigData
is of no use unless we
can turn it into value

Powered by StackDatalabs
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+ Structured

+ Unstructured
+ Multi-factor
+ Probabilistic

Terabytes
Records/Arch
Transactions
Tables, Files

Authenticity

Availability

Real/near-time
Processes

Trustworthiness
Origin, Reputation

Accountability

Statistical
Events

Correlations
Hypothetical

CSIE59830/CSIEM0410/AIIA50050 Big Data
Systems
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5 02

<,
BIG DATA 228

with 8 V's

VELOCITY

ses & opportunities
evolv in real time: VARIETY
utiook:
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Variability
Dynamic, Evolving Behavior
in Data Source

Vocabulary

Variety
Different type of Data §\
emantics that
Value ~ Vagueness
Useful Dat Confusion over Meaning of BigData
9 e and Tools used

(CSIE59830/CSIEM0410/AIIA50050 Big Data
Systems

Introduction 56
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Yet another 10 Vs

Visualization

.
Volatility @) @ variability

validity (@)

Vulnerability
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Meanings of Some Vs
e Validity: The issue of collecting data which
is correct and accurate for the intended use.

e Volatility: How long is data valid and how long
should it be stored.

e Variability: Big data is variable, i.e. variance in
meaning, changing of meaning (rapidly).

e Visualization: Making data comprehensible, easy
to understand and read.

® The list keeps growing to 42 Vs (you cannot be
serious!?)
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Big Data is not just Hadoopy:

Understand and navigate ﬁ ' o
federated big data sources ‘ Federated Discovery and Navigation

Manage & store huge 7 Hadoop File System

volume of any data MapReduce

Structure and control data e Data Warehousing

Manage streaming data ~ Stream Computing

Analyze unstructured data j -[ Text Analytics Engine

Integrate and govern all x Integration, Data Quality, Security,
data sources Lifecycle Management, MDM
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Problems when data is BIG

e How to store ?

e How to retrieve ?
e How to process ?
e How to analyze ?

e How to handle streaming data in real-
time?

CSIE59830/CSIEM0410/AIIA50050 Big Data Systems Introduction 60

Note 30



CSIE59830/CSIEM0410/AIIA50050 Big Data Systems Lecture 01 Introduction

Emerging Technologies for@
Managing Big Data

e Architecture

e Storage

e Computing

e Graph

e Database/Data warehousing

e Stream processing

e Real-time Analytics & Business knowledge

e Big data as a service
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How to store?

e It’s not likely to store it on a single machine
o Facebook generates TBs of data every day

o > 500 hours of content are uploaded to
YouTube every minute. That’s 82.2 years of
new video every day.

e Distributed File System

o Google File System (GFS)

o Hadoop Distributed File System (HDFS)
e Big data storage systems
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Example: How to retrieve ? bﬁ

e You may want to use a traditional database
system to organize data
o MySQL, PostgreSQL, ....

e Unfortunately, they don’t scale well to big
data level...

o One naive reason is that they usually run on
only 1 machine.
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Evolution of Data/Tech &

AN
Large Measured in Measured in Measured in D
TERABYTES PETABYTES EXABYTES
1TB=1,000 GB 1PB=1,000TB 1EB=1,000 PB

Volume of information

Small
1990s 2000s 2010s
(RDBMS & DATA (CONTENT & ASSEST (NO-SQL & KEY
WARHOUSE) MANAGMENT) VALUE)
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3

Structure of Big Data

® The structure of data can be classified into:

o Structured data: Data with a defined format and
structure (RDB, speadsheets, CSV, ...)

o Semi-structured data: Textual data files with a
flexible structure that can be parsed (XML, ...)

o Quasi-structured data: Textual data with erratic
data formats (Web click stream data, ...)

o Unstructured data: Data that have no inherent
structure (text docs, PDF files, images, videos, ...)

® Use different tools for different cases.
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: ®
Latency Requirements V}ﬁ

OVERALL LATENCY

Network budget Compute budget Database budget

. 4

Latency > 200ms Latency < 50ms

BATCH REAL-TIME

Figure 2: Characterization of latency requirements

® Low latency requirements generally imply that the
data must be processed as it comes in.
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VISUAL MEDIA
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Types of Big Data

(Video scene detection, image understanding)
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, query processing)
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e BigTable / HBase
e Cassandra

A P

e MongoDB
e Hive /Spark SQL

Spqr‘llg

A

BAS

Storage & Warehousing%
HEEA
or

Cassandra

C

SQL
. mongo
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Types of NoSQL Data Store :
R

—_—
No SQL Data
Store

W w w Key-Value Databases
Couchbase 1 @ Neo4j \*—E HYPERTABLE-
. gvore || T SimpleDB
.mongoD[’o L Graph "rlck accurmuLo casandru
'.MarkLogic The Diseited Graph Detabase amazon r_"’B‘hCS“EE

i et Y TOPRRIN o N S
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NewSQL Databases

® ACID guarantee of traditional SQL databases is
good but not scalable.

® NoSQL databases scale out well but do not support
ACID.

® NewSQL databases come to solve the problem.
o Support ACID
° Distributed
o Can be scale-out
° Handle large volume of data with great performances
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Types of NewSQL Database®

li New SQL DataE ot
Historical Real-Time I Streaming | Tlmestamp |

| Abase | | Atibase | | Gustros | | spanner |
@WW
vy
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Big Data DB Evolution

Examples Examples Examples

m ‘ isﬂ e YOLTDB

Cloud Spanner
ORACLE B redis

TCockroachDB

./ ACID transactions
v/ SAL support

/ Standardized
¥ Horizontal Scaling
X High Availability

o/ Horizontal Scaling
v/ High Availability
¥ ACID transactions
¥ SAL support

X Standardized

/ ACID transactions
/ Horizontal Scaling

/ High Availability
+ SQL support
¥ Standardized

RDBMS (SOL) mmmmmm)p NoSQL mmmmmm)p NewSQL

(https://medium.com/rabiprasadpadhy/google-spanner-a-newsgl-journey-or-
beginning-of-the-end-of-the-nosql-era-3785be8e5c38)
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Characteristics Comparison®]

/ NewSQL

Conssteny
RDBMS 5ca.abi.ity\

(SQL) NoSQL

(https://medium.com/rabiprasadpadhy/google-spanner-a-newsgl-journey-or-
beginning-of-the-end-of-the-nosql-era-3785be8e5c38)
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How to process ?

e Finally, we can get the data we need
efficiently from the monster-like data set.

e And it’s time to do something cool now
o Retrieval, mining, learning, ...

e But you’ll soon face some trouble...

o Data can’t fit in memory / disk on a single
machine

o Not powerful enough with a single machine
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Computing

e MapReduce @?
e Massive Parallel Processing

e Spark: in-memory computing
e STORM: real-time streaming
[ )
APACHE Spo
STORM Lightning-Fast Cluster Computing
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Big Graph Computing

® Graphs abstract entities
and interactions using
vertices and edges

® Graph algorithms handle
generic problems on
graphs and can be
adapted to real problems

® Many applications call L
for the processing of A hairball graph depicting
|arge graphs the internet in 2004.
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Big Graph Processing
o Pregel, BSP D e — —
i
e Giraph
e Neo4j Graph DB L
BSP Earrler Migration Barrier  Migration Planner
e ArangoDB A
0N 5 A
. % “ ) 10
e Apache TinkerPop &,neOLI 5” X ":
S e
o .. @ DB .‘:g‘ ":::
O )
R TS
Ap?chg.. A Z )
&kaerpop é; |P Fﬁ ;\ FT |_E|
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Streaming Big Data

® A streaming data source is a potentially
unbounded data source that keeps generating data
stream over time.

® A data stream processing node is a node that
accepts one or more input data streams, processes
the data in some way, and generates one or mor
output data streams.

e _SO=

Data Source Processing Node
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Stream Processing Platfor =

® A stream processing platform provide constructs
and libraries for modeling, implementing and
executing applications over streaming data flows.

Source
Nodes

1
| Processing Nodes
|
I
|
|
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Stream Analytics PIatforms%

® Apache Kafka

® Spark/Structured Streaming §g kafka.
® Apache Storm

® Apache Flink APACHE
® Apache Samza @ Spr‘I’(\z
Flink

Structured Streaming

o ..
é}b APACHE
@y samza STORM
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Types
of Big mresr

Data
Tools

Big Data
Tools
. Data
Realtime Narehotise

Processing

No sequel

Database
a@o InterviewBit
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DATA
STORAGE

Big data storage
software tools
store, manage and
retrieve massive
amounts of data.

Internal data
sources such as
data from CRM
system, ERP system,
sales reports, etc.

DATA
MINING

mining tools
Data mining tools
allow businesses
to extract usable
data frem a huge

set of raw data to [| 9dvanced

Although data

incorporate data
analysis, there are
software designed
specifically with

Data visualization
software is also a
type of data
analytics tool.

analytical
capabilities.

SEETKS

find relationships,
patterns, and
anomalies.

However, they are
specifically
designed to take
the raw data and
presenting it with
beautiful and easy
digestible visuals
like graphs and
charts.

External data
sources such

as government
statistics and media
channels

M)) rapidbminer
A\ 4

SPSS Medeler

.

it :
4t +ableau

|Soker
Klipfolio®

cassandra
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ANALYTICS
o DATA ANALYST PLATFORMS DATA SCIENCE PLATFORMS
volving |#ee e, - @
° — o, QUAVUS  AYASDI fku
Y XDOMINO idmi
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MAD(ML, Al, and Data) Landscape 2023

e
- i o DAzoll addepto G AN
- eee oo e ek st

FIRSTMARK m]

(https://www.lxahub.com/stories/key-takeaways-from-the-2023-ml-ai-data-landscape-
report)
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Systems

Big Data Technology

‘ Big Data: The Movmg Parts

Increasin o
Age ;Lﬁ?ﬁ:vliuy Hadoop 1 _‘.,%. e 4
Vertica social medja onalytics
£ SciPy J
MapReduce - & sentiment analysis
Wl i’ | IN |

faster more aceurate decision making

beteer and more halistic RAD

autonomic supply chain management

Business
.i./ — ,_/ m bbbl Objectives
Fast Data Big Analytics ~ Deep Insight
From hup:/iblogs.zdnet com/Hincheliffe /
the growth of data will be exponential for the foreseeable future
| terabytes | petabytes ‘ exabytes ‘ zettabytes |
the amount of data stored by the average company today
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Scale Out vs Scale Up %

® Big data is about scaling out instead of scaling up.

Scaleom =
Scale out : Run your solutions on several servers. Scale up

Scale up : Run your solutions on bigger server.
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Summary

® Big data era is already here!

® Calls for advanced models of storing,
managing, processing, and analyzing data.

® You may come across articles claiming “Big
data is dead”, “Big data era is coming to an
end” ...

® The truth is that everything will be big data.
It is becoming the norm.

® Some authors call it “Big Data 2.0”!!
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Big Data 2.0 Systems

Big Data 2.0 Processing Platforms

x ig Machi
General Purpose Big Graph Big Streém Big ac, B Big Deep Learning
SQl-on-Hadoop Processing Processing Learning
Systems Frameworks
System Systems Frameworks
f'" "Ni APACHE

54
spa P : 9 STORM

Spoik’ SQL @ Spﬁr‘i? r:s%:.ow
é Qe @K o
Flink K Bee - O PyTorch

GraphLab -lﬁ?; e "
IBM (ED HERON ™™ *v* Lhainer
Big SQL
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Coming Lectures

® Big data processing architecture
° Hadoop

® General purpose big data processing system
° MapReduce
o Spark
° HPCC

® Data mining algorithms based on MapReduce
and Spark
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Coming Lectures

® Storage systems for big data processing
> Google File System
> Hadoop Distributed File System
> Google Cloud Storage/Datastore/BigTable

e NoSQL/NewSQL database systems
o Hbase, Cassandra
° MongoDB
> VoltDB

e Data warehousing systems
> Google BigQuery
o Apache Hive
o Spark SQL
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Coming Lectures

e Systems for big graph processing
> Google Pregel, BSP, Giraph
° Neodj
> Apache TinkerPop

e Systems for stream processing
o Spark Streaming, Structured Streaming
o Apache Storm, Samza, Flink
o Apache SAMOA (distributed streaming ML framework)

e ETL and and APl integration tools
> Apache Kafka
> Apache Camel
> Apache Airflow
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Coming Lectures

® Big data analytics**
° Google Dremel, Apache Drill and Apache Impala
° Google Cloud Platform vs Amazon Web Services
> Beyond Hadoop

® Big machine learning framework**
o Apache Mahout
o Spark MLlib

® Big data analytics and ML are covered in different
classes.
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Assignment 0

® Select the virtual machine(VM) software
(VirtualBox, VMWare, Cloudera, ...) to build your
virtual Hadoop/Spark cluster.

@ Install the VM software and construct several
virtual host machines (eg. Ubuntu) for the cluster.

® Familiarize yourself with the Linux VMs to prepare
for subsequent assignments.

® No need to turn in anything.
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