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What is Big Data?




What is Big Data?

"Big data refers to data sets whose size is beyond the ability of
typical database software tools to capture, store, manage and

analyze.” - The McKinsey Global Institute, 2011
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"Big data is the term for a collection of data sets so large and
complex that it becomes difficult to process using on-hand
database management tools or traditional data processing
applications. - http://fen.wikipedia.org/wiki/Big_data
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How 0big i1s Big Data ?

Earlier Berkeley studies estimated that by the
end of 1999, the sum of human-produced
information (including all audio, video

recordings and text/books) was about 12
Exabytes of data.

Eric Schmidt: Every 2 Days We Create As Much
Information As We Did Up To 2003.

http://techcrunch.com/2010/08/04/schmidt-data/
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In 2010 The digital Universe was

1.2 ZettaBytes

In a decade the Digital Universe will
be

35 ZettaByte
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1.2 Zettabyt
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" THE PHYSICAL SIZE OF BIG DATA

oo 00

A report from Stanford University found that the whole of humanity produces around | of
data every year.

Let's break that down into and see what would happen if we were to store this data on

80.53 BILLION

16 GB iPhone 93 =

Laid down end to end, those iPhones would
A mose than times.

40.27 BILLION

42 GB Apple iPads

Stacked one on top of the ather, this
pile would reach to the )

L

The valume of these drives would be encugh ta
fill up more than Empire State Buildings.

E 20.13 BILLION
G4 GB USB flash drives

629.14 MILLION

2 TB external hard drives

The tatal volume of these drives could
fill more than (Great Pyramids.
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A report from Stanford University found that the whole of humanity produces around of
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Data inflation H

Unit Size What it means

Bit (b) lor0 Short for “binary digit”, after the binary code (1 or 0)
computers use to store and process data

2 1UT01001 109
110111010101

710010101000




Data inflation

ABCDEFGHIJKL
MNOPQRST
UVWXYZ
abcdefghijklm

hopqrstTuvwxyz

0123456789
V124

in computer code. It is the basic unit of computing

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
com |'.'II.:I‘|:'EF5 use tu sture am:l process data

Byte (B) 8 bits Enuugh information to create an Enghsh letter or number

Variable Type Keyword Bytes Required Range
Character char 1 -128 to 127
Unsigned character unsigned char 1 0 to 255
Integer int 2 -32768 to 32767
Short Integer short int 2 -32768 to 32767
Long Integer long int 4 -2,147,483,648 to 2,147,438,647
Unsigned Integer unsigned int 2 0 to 65535
Unsigned Short integer unsigned short int 2 0 to 65535
Unsigned Long Integer unsigned long int 4 0 to 4,294,967,295
Float float 4 1.2E-38 to
Double double 3 2.2E-308 to
Long Double long double 10 3.4E-4932 to 1.1E+4932

N




Data inflation H

Unit Size What it means

Bit (b) lor0 Short for “binary digit”, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enough information to create an English letter or number
in cnmputer -:-:rde It is the basic unit of com pul:1' ng

Hlluhyrte [HB} 1 Dﬂﬂ or E'“‘ h'j.I't-E‘E From “thousand” in Greek. One page of typed text is 2KB

A TALE OF
TWO CITIES

CHARLES DICKENS

Source: http:/[royal.pingdom.com/2008/04/08/the-history-
of-computer-data-storage-in-pictures/
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Data inflation E

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process clata

Ifli;rll:;:lfﬁlj“mmmméli:;iﬂm“”mmmmm”Ennughmfnrmatmntutreatean Enghsh letter nrnumher .
in computer code. It is the basic unit of computing

A TALE OF
TWO CITIES

CHARLES DICKENS

Source: http://royal.pingdom.com/2008/04/08/the-history- Magn_etlc drum s bl
of-computer-data-storage-in-pictures/ A 16-inch-long drum from the IBM 650 computer.

It had 40 tracks, 10 kB of storage space, and spun at
I (ezia—




Data inflation E

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enough information to create an English letter or number

in computer code. It is the basic unit of computing

Megabyte (MB)  1,000KB; 2°° bytes From “large” in Greek. The complete works of Shakespeare total SMB.
A typical pop song is about 4MB

Source: http:/[royal.pingdom.com/2008/04/08/the-history-
of-computer-data-storage-in-pictures/

N e




Data inflation E

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
com |'.'II.11:'EF5 use tu sture am:l process data

Eyl:e{ﬂ}ﬂbﬂ:ﬁ Enuughmfnrmatmnl:ucr&ateanEnghshletternrnumher
in computer code. It is the basic unit of computing

Megabyte (MB)  1,000KB; 2°° bytes From “large” in Greek. The complete works of Shakespeare total SMB.
A typical pop song is about 4MB

Source: http://royal.pingdom.com/2008/04/08/the-history- IBM_ N_’Odel 359, thef'rSt'ever hard disk drive.
of-computer-data-storage-in-pictures/ 5 Million Characters (5MB).

" e




Data inflation H

Unit Size What it means

Bit (b) lor0 Short for “binary digit”, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enuugh information to create an Enghsh letter or number

in cnmputer -:-:-de It 15 the I:uasn: umt of com pul:1 ng

Hlluhyrte [I{B} 1 EIEHJ or E'“‘ by'te& me "'thﬂusand in Greek. One page of l:yped textis 2KB

Megabyte (MB)  1,000KB; 2°° bytes From “large” in Greek. The complete works of Shakespeare total SMB.
A typical pop song is about 4MB

Gigabyte (GB)  1,000MB; 2 bytes _From "giant” in Greek. A two-hour film can be compressed into 1-2GB

Source: http://royal.pingdom.com/2008/04/08/the-history-
of-computer-data-storage-in-pictures/

R e




Data inflation E

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process data
Enough information to create an English letter or number
in computer code. It is the basic unit of computing

From “large” in Greek. The complete works of Shakespeare total SMB.
A typical pop song is about 4MB

Source: http://royal.pingdom.com/2008/04/08/the-history- A ?50 MB hard disk T_he IB_M3380fram 1_9801 the _
of-computer-data-storage-in-pictures/ drive from 1979 first gigabyte-capacity hard disk

drive. (250KG, 81K$)




Data inflation

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enough information to create an English letter or number

Terabyte (TB) 1,000GB: 2 bytes

1TB (500 $)

in computer code. It is the basic unit of computing

From “large” in Greek. The complete works of Shakespeare total SMB.
A typical pop song is about 4MB

From “monster” in Greek. All the catalogued books
in America's Library of Congress total 15TB




Data inflation

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enuugh information to create an Enghsh letter or number

Kilobyte (KB) 1,000, or 2'°, bytes

Next 500 TB / month $0.0285 per GB
Next 4000 TB / month $0.0280 per GB

Over 5000 TB / month $0.0275 per GB

in cnmputer code, It is the basic unit of computing

From "'thﬂusand in Greek. One page of typed text is 2KB

From “large” in Greek. The complete works of Shakespeare total SMB.
A typical pop song is about 4MB

From "monster” in Greek. All the catalogued books
in America's Library of Congress total 15TB

All letters delivered by America’s postal service this year will amount
to around 5PB. Google processes around 1PB every hour




Datainflation
Unit Size What it means
Bit (b) lor0 Short for “binary digit”, after the binary code (1 or 0)

computers use to store and process data
Byte (B) 8 bits Enuugh information to create an Enghsh letter or number

in cnmputer code, It is the basic unit of com pul:1 ng
.*FT.IE'?!'_”.:E.'[.'F.E.‘J' ........ .1.99‘?._9!.?.'5.????.‘?? ....... E TF‘.’.'!.'.'F.'?E':'F_?.'H..‘.!‘_.{?F :‘-‘.‘?.".‘..‘?.'.‘ﬁ.??!?.‘?.ﬂf F}!E'.'?E'. E‘?E'F.'i E!?.E. .................
Megabyte (MB)  1,000KB; 2°° bytes From “large” in Greek. The complete works of Shakespeare total SMB.
et eseeseses e eeeesseeesseneneseasnn A ypical pop song is about 4MB
Gigabyte (GB) 1,000MB; 2™ bytes From “giant™ in Greek. A two-hour film can be compressed into 1-2GB
Terabyte (TB)  1,000GB; 2* bytes From “monster” in Greek. All the catalogued books

in America's Library of Congress total 15TB
Petabyte (PB) 1,000TB; 2°° bytes All letters delivered by America’s postal service this year will amount

to around 5PB. Google processes around 1PB every hour

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll




Data inflation E

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enough information to create an English letter or number
in computer code. It is the basic unit of computing

Kilobyte (KB) 1,000,012, bytes {ER 8. 192, BEE

217, 572, 340 9

4768

1,497, 965, T14 o

Z00MEB

o
Exabyte (EB)  1,000PB; 2% bytes sea, 000 i - N

4,772, 185,884, 444 M)

oz21mne

P2 162,396, 895, 133, 338 m oo




Data inflation E

Unit Size What it means

Bit (b) lor0 Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process data

Byte (B) 8 bits Enough information to create an English letter or number
in computer code. It is the basic unit of computing

Kilobyte (KB) 1,000,012, bytes {ER 8. 192, BEE

)
____________________________________________________ 217,872, 348 9
(o

12568

Terabyte (TB)  1,0006B: 2°° bytes 1,497, 965, T14

Z00MEB

Petabyte (PB) 1,0007B: 2*° bytes TE8 177 TTr-7ic e
Exabyte (EB)  1,000PB; 2% bytes se0, 00 [ - N

4 a _I'._I"E 2 155 I EE‘EI' 2 "'1'44 @ =4 %)=

2,162,596, 595, 133, 338 W

D.12KB

Source: https://www.backupify.com/history-of-data-storage/
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Datainflation
Unit Size What it means
Bit (b) lor0 Short for “binary digit”, after the binary code (1 or 0)
computers use to store and process data
Byte (B) 8 bits Enuugh information to create an Enghsh letter or number
in cnmputer code, It is the basic unit of com pul:1 ng
.*F!!E'E‘?—!’Fﬁ.'[.*.{ﬁ.}' ........ ?.F.’F'."?'.-F.!.?.T.F?#‘TE? ....... E TF‘.’.'!.’.’F.'.‘F!':'E?.'!!?..‘.!‘_.{?F :‘-‘.‘?.‘.‘..‘?.'.‘E.EEE'E.F’I F}!E‘?E‘. E‘?E'F.'E F:'!?.E. .................
Megabyte (MB)  1,000KB; 2°° bytes From “large” in Greek. The complete works of Shakespeare total SMB.
et eseeseses e eeeesseeesseneneseasnn A ypical pop song is about 4MB
Gigabyte (GB) 1,000MB; 2™ bytes From “giant™ in Greek. A two-hour film can be compressed into 1-2GB
Terabyte (TB)  1,000GB; 2* bytes From “monster” in Greek. All the catalogued books
in America's Library of Congress total 15TB
Petabyte (PB) 1,000TB; 2°° bytes All letters delivered by America’s postal service this year will amount
to around 5PB. Google processes around 1PB every hour
Exabyte (EB) 1,000PB; 2°° bytes Equivalent to 10 billion copies of The Economist
Zettabyte (ZB)  1,000EB; 2""bytes  The total amount of information in existence

this year is forecast to be around 1.2ZB




Data inflation

Unit
Bit (b)

E R

-Ealub-_.,np{h:ﬂj i L‘Iﬂﬂl c:lrE i t:u_.,r're*: "”me thmﬁan{l m Grepk ﬂlnp pagp nnypedrE:-:T 1‘1. EEE

Megabyte {I""I.E]

:flgﬂh'_-.l'l'l? -[L'H}
Terabyte [TH]

e
S
Zettabyte (ZB)

‘! DI:J-III-I"-'.E. E”:' I}yms. Frr;:nr'n gmnr m Greek ﬁ.rwn In::ur 'h[m :;.an |:||F' mmpref_.s.ed mr::- 1 EEH
1,000G8; 2 I:n_.,rtn '

Size What it means

l1orQ Short for "binary digit®, after the binary code (1 or 0)
computers use to store and process rlat.a

8bits -Ennughmfnrmatmn to create an Enghsh letter or number
n ::r:nnuut:ﬂ.-r mde It 15 l:he !Jevant umt of com putmg

] l'_‘IIEIﬂF{E: 2% hj,rtns. From" la'rgc in Greek. The Enmplctc- works of Shak&spnam total SMB.
_A typnr:al pop song 15 a!mut -iME!:

ST 1,200,000,000,000,000,000,000
6000 3% byte
1,600E8; 3" bytes

= Every person on earth tweeling for 100 years
* 125 million years of your favorite 1-hour TV show

l lrrzia —~ S.IBRAHIM




Data inflation

Unit Size What it means

Bit (b) 1or0 Short for “binary digit”, a
computers use to store an

Byte (B) 8 bits Enough information to cr

in computer code. It is the

B T o

Kilobyte (KB) 1,000, or 2'°, bytes  From “thousand” in Greek.

Megabyte (MB)  1,000KB; 2° bytes  From "large” in Greek. The
A typical pop song is abou

Terabyte (TB)  1,000GB; 2*°bytes  From “monster” in Greek.
in America's Library of Con

Zettabyte (ZB)  1,000EB; 2" bytes  The total amount of information in existence
this year is forecast to be around 1.2ZB

Yottabyte (YB)  1,000ZB; 2™ bytes Currently too big to imagine

The prefixes are set by an intergovernmental group, the International Bureau of Weights and Measures.
Source: The Economist Yotta and Zetta were added in 1991; terms for larger amounts have yet to be established.
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What are the sources of

Big Data?




What are the sources of

January Ocean mixed-layer temperature (SST)
Mockrm, PracksT 2 19581987 re)




How much Data are we producing in
aday ?

ONE DAY IN THE DIGITAL WORLD

s 552milliun?
afe Uploane LISErs con
to Facebook
0—0—0—0—0—0—0—0
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_ Source: CNRS Magazine 201
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How much Data are we producing in
aday ?

ONE DAY IN THE DIGITAL WORLD

LSErs COnnec
to Facebook

U et et )

1 ' | ' g
_ Source: CNRS Magazine 201
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How much Data are we producing in
aday ?

ONE DAY IN THE DIGITAL WORLD

< 540 million

text messages are sent

LSErs COnnec
to Facebook

U et et )

1 ' | ' g
_ Source: CNRS Magazine 201
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How much Data are we producing in
aday ?

ONE DAY IN THE DIGITAL WORLD

USErs 'I:BF'ITIE!

to Facebook

) 0—0—0

L
_ Source: CNRS Magazine 201




13,000+ Hours

‘o MURIC
e PANDORA
PR, Pe
o s ks o K 1 -
Ll o o ST | Craigsiist
o Lo Yo

R

- NEW
1 | tumblr
"m ..

iPhone
DOWNLOADED

QUES‘TI'UHS Answers.e om .é_?""-._ln

6,600+

INTERNET. T can
GFioADED ON
flickr
50+
WORDPRESS
TOTA \ DOWNLOADS
.[Il.UORATIDH ﬁ:; mm
*%\"& 'ﬁl h" Firel EID“IPE 3 125+
. S DOWNLOADS EOI;, l,!,g ,! ys




Particle accelerators in physics
Our Data-Driven world: S c I e n c e

Astronomical instruments

CERN ’s Large Hydron Collider (LHC)
generates 15 PB a year

Climate Simulations

SQUARE KILOMETRE ARRAY (SKA) :The
world's largest radio telescope) will
collect 1 PB a day ~ 400 PB a year

The NASA Center for
Climate Simulation
(NCCS) stores 32
petabytes of climate
observations and
simulations on the
Discover
supercomputing cluster.

Genome sequencers
in biology

A
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oo YV @D Data
9 Google

YaHoO!

* Google processes 20 PB a day (2008)

* eBay has 6.5 PB of user data + 5o TB/day

(5/2009)
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e DOCIAI Networks




e DOCIAI Networks

&

* Facebook has 2.5 PB of user data + 15 TB/day

(4/2009)

o Twitter Generate approximately 12
per day
l&’z/zz&_—
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mﬁbﬁm = — SRS (Airbag) :udia and Vidoo Slyslumn
- Nav - W Safoly and Sacurity Systams
aaaaa | Viceo W Remote Vehicle Control
I n S t r aroe | o Oigrstes
System - - Emissions Systems
Our Data-Driven world U y - agis” 'y AR
‘r. (o :4, = A ‘—I f _H. » < - y

AIRBUS

A single airplane engine generates more than 10 TB of
data every 30 minutes.

lﬁm—
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womeonenes BUSINESS & COMmerce

 New York Stock Exchange 1TB of data everyday

* Walmart's customer transactions generate 2.5
petabytes of data every hour.




o lNt@rNet of Things

Smart Homes

Smartphones Detection

Smart Lighting

‘Radiafion Levels

Air Pollution -

Penmefer Arcess Coonfrol

Earthgquake Early Detect

Structural Health Monitoring
Tank Level

Forest Fire Detection

Water Leakages

Smart Parking

Smart waste

Precision Farming

Landslide and Avalanche Prevention

Seloctive imigation

Wine Quality Enhancing




oo MIOF@ EXamples

GPS Systems

Internet Service Providers

orange
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Phone Systems Movie Rental Sites
&,
—8 SFR amazen
v y N E T I: l | x "-.C::: ;ﬁ:ﬁl video
&L 1. Mobile- '

HDTV players with
Internet connectivity

R trlpadwsor

get the truth. then go.”
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* Harnessing scientific discoveries

* |nitiating early warning of natural
disasters (e.q., floods, volcanic
eruptions, and earthquakes)




What is Big Data used
for?

* Harnessing scientific discoveries

* |nitiating early warning of natural
disasters (e.q., floods, volcanic
eruptions, and earthquakes)

* Reports
» Track business processes, transactions

l&z*zéz.-—




What is Big Data used
for?

* Diagnosis @

AIRBUS

-

facebook.

e Decisions



What is Big Data used
for?

* Diagnosis @

»Why is user engagement dropping? AIRBUS
»Why is the system slow?

» Prevent failures
» Detect spam, worms, viruses, DDoS
attacks
- facebook
e Decisions

Google
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What is Big Data used
for?

* Diagnosis @

»Why is user engagement dropping? AIRBUS
»Why is the system slow?

» Prevent failures
» Detect spam, worms, viruses, DD0S
attacks

facebook.

* Decisions
» Personalized medical treatment Google'

~ »Decide what ads to show
.&z*zéz..-—



5 Ways Big Data Wil
Change the World
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DRIVING MARKETING EFFECTIVENESS BY MANAGING

EE ’ F

Lol 2o ol e gr el
BIG DATA = BIG OPPORTUNITY

CAPITALIZING ON THIS OPPORTUNITY WILL RECUNRE:

W W W W W
M MR YR Y PR

MARKETERS CAN THEN OPTIMIZE IN FOUR PRIMARY WAYS:

=k

WETEZZA WETEZZA WETEZEA
FACTOR FACTOR FACTOR

‘_‘_}

NETEZIA
FACTOR

KEEP

CALM

AND

ANALYZE
BIG DATA

g Data @ Wor

pact B

e Frod

Organizations in all industries are under
increasing pressure to capitalize on data

Healthcare

The average amount of data per hospital will increase from 1687TE
to &65TE in 2015, driven by the enormous growth of medical images
and electronic medical recards.'

With Big Data

Medical professionals can improve patient care and reduce costs by
extracting relevant clinical information from vast amounts of data to
better understand the past and predict future cutcomes.

Customer Service

Today, B&% of consurners quit deing business with a company
because of a bad customer experience, up (rom 5% four years age.?

With Big Data

Service tatives can use data 1o gain a more holistic view of
their custemers, understanding their Ll and dislik nreal-time
in order to resolve a problem or capitalize on happy clients faster,

Insurance

Insurance companies and government agencies each gathar fraud
data related te their own individual missions. But the kind, quality
and volurme of data compiled varies widely.

With Big Data

An insurance or citizen services provider can apply advanced
analytics to data and detect fraud quickly, before funds are paid aut.

Financial Services

Wall Street alone delivers 5 new research documents every minute,
Dow Jones publishes upwards of 19,000 news items per day.*

With Big Data

Financial services professionals can betier understand market
changes through improved business insight from data, helping to
anticipate performance gaps and more accurately assess
investment alternatives,

Retail

5145 billion in total sales are missed each year because retailers.
don’t have the right products in stock to meet customer demand.”

With Big Data

Retailers can better understand their customers by analyzing sales
trends and incorporating more accurate forecasting, ultimately
increasing customer loyalty and revenue.

Communications

5 billion global subscribers in the teles industry are demanding
unigue and personalized offerings that match their individual
lifestyles

With Big Data

Communications providers can use data to create a more
personalized customer experience and avold losing customers to
campetitors.




Medicine

Aetna is using reams of data to try to get early
diagnosis, prevention and treatment of heart
disease and diabetes.

UCLA is using Big Data analysis to prevent
complications from brain injuries.

The American Society of Clinical Oncology is using Big
Data to help it find the best treatments for cancer.

http://insights.wired.com/profiles/blogs/5-ways-big-data-will-change-the-world#axzz3nHefVAaj
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2015 Phone Fraud Report dl"Dp 2 6km

2015 PHONE FRAUD REPORT

FRAUD CALLS

Security

53% 26.1% 209%
VolP  landiine Cell

There is a pedometer application that can actuaIIy |dent|fy peopic
based on their gait, how they walk.

A new security firm called Pindrop is using Big Data analysis to help
banks and other financial institutions identify callers to ensure the
person on the other end of the line is who they say t..

D: ~mm Ll n A~ PR . o~ o~ n wopm

Fin I“Op is able to listen to more than z00 UIJJEIC 1t Uuu(gluunu sounds
n a phone call to tell where the call is coming from and whether it

is a cell phone, land line, of VOIP. They can tell you if the person

claiming to be in Nebraska is actually calling from Nigeria.

http://insights.wired.com/profiles/blogs/5-ways-big-data-will-change-the-world#axzz3nHefVAaj
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Urban Planning

Tracking the movements of people and how that could impact
urban planning.

Cities are using data discovery techniques to examine the
myriad of ways small changes can impact a big urban centers.

The Urban Center for Computational Data talks about computer
models helping cities to figure out how things like a new bus
line might impact crime, employment, and energy usage in
parts of a city. There is little question that how our cities are
built and function will be changed by data analytics.

http://insights.wired.com/profiles/blogs/5-ways-big-data-will-change-the-world#axzz3nHefVAaj
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Consumer Products

he tremendous rise in online shopping has
created piles of data to better understand
what consumers want and how they shop.

It even allows companies to customize their
pricing models based on who is shopping and
when they want to buy.

http://insights.wired.com/profiles/blogs/5-ways-big-data-will-change-the-world#axzz3nHefVAaj
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Elections

In the 2012 presidential election, the Obama Campaign made use of voter
models on a scale never before seen.

They were able to identify specific voters who would make a difference in the
election and target messages to those voters.

| am not talking about something general like, "we need to appeal to soccer
moms," | am talking about true specifics like, “the Johnson family Maple
Lane in Columbus, Ohio will vote for us if they know our stance on
social security.” It seems insane to think that presidential politics has
gotten that local, but it has and it worked. There is little question that the
Obama campaigns sophisticated methods of get out the vote and swing
voter identification swung a very close election their way.

http://insights.wired.com/profiles/blogs/5-ways-big-data-will-change-the-world#axzz3nHefVAaj
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Big Data: Challenges

Big Data:
Expanding on 3 fronts
at an increasing rate.

. Data
~Velocity

.
£TaE
e

i Data
B PE L Volume

bf"ﬂ'l"rﬂ:" 1
gy pADDIE

Variety




Volume (Scale)

e DataVolume The Digital Universe 2009-2020
» 44X increase from 2009 2020 Py
» From 0.8 zettabytes to 35zb o =

e Datavolume isincreasing exponentially ———ie

Data storage growth
8 In millions of petabytes

E.— (One petabyte = 1,024 terabytes) ?
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Volume (Scale

e DataVolume The Digital Universe 2009-2020
» 44X increase from 2009 2020 _—

» From 0.8 zettabytes to 35zb o e
e Datavolume isincreasing exponentially ——— e

Data storage growth
8 In millions of petabytes

(One petabyte = 1,024 terabytes) ?

pd

05 07 09 11 ‘13 '15e

terabytes petabytes exabytes zettabytes

the amount of data stored by the average company today
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Volume (Scale)

e DPata VO| ume The Digital Universe 2009-2020
» 44x increase from 2009 2020 _—

» From 0.8 zettabytes to 35zb T
e Datavolume isincreasing exponentially ——— e

Data storage growth
8 In millions of petabytes

‘ (One petabyte = 1,024 terabytes) ?
terabytes petabytes exabytes zettabytes
4 /
the amount of data stored by the average company today /
2

Twitter: Tweets Per Day /
70 —, . .

05 07 09 11 13 1be
o Exponential increase in
— et collected/generated data
Jan 07 Jan08 Ocx09 Sepl0  Jun !l Octll  Juni2
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12+ 7Bs

of tweet data
every day




12+ 7Bs

of tweet data
every day

25+ TBS of

log data
every day




12+ 7Bs

of tweet data
every day

2 TBS ot
data every day

MO > 25+ TBS of
Google e log data

every day

'-E‘l Google Analytics

You(ITH)




12+ TBs

of tweet data
every day

2 TBS of
data every day

MO o 251 TBS of
ngg,)gl - log data

every day

1 Google | Analytics

(1" Tube]




30 billion T\ o
12+ TBs RFID tags today N\ Ollion
of tweet data : Rin 200 o camera

phones

RRs 2 world wide
Vs

every day

& 1005 of

e 1//lions
W o/ GPS
& cnabled

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ N ‘_"_::' = devices sold
- _— annually

2 TBS of
data every day

MO 25+ TBS of .
Coogl log data o ' o

& oc every day % - ddqlillion
%(; lm ée | people on the
~>Googk o Web by end
=

8 Google | Analytis 76 million smart 2011

YouID) meters in 2009. ..

200M by 2014



Variety (CompIeX|ty)

Relational Data (Tables/Transaction/Legacy Data)

Text Data (Web)

Semi-structured Data (XML)

Graph Data
» Social Network, Semantic Web (RDF), ...

Streaming Data
» You can only scan the data once

A single application can be generating/collecting
many types of data

Big Public Data (online, weather, finance, etc)
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Variety (CompIeX|ty)

Relational Data (Tables/Transaction/Legacy Data)

Text Data (Web)

Semi-structured Data (XML)

Graph Data
» Social Network, Semantic Web (RDF), ...

Streaming Data
» You can only scan the data once

A single application can be generating/collecting
many types of data

Big Public Data (online, weather, finance, etc)

To extract knowledge=>» all these types of dta need
to linked together

l&&'zéz..-—




A Single View to the Customer

Pinterest
Bankin
G Social g

Media Finance

CHASE ©

Mzynga

NORDSTROM

@

hulu” amazon

Lowes



Velocity (Speed)

e Datais begin generated fast and need to be
processed fast

e Online Data Analytics

e Late decisions =» missing opportunities
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Velocity (Speed)

e Datais begin generated fast and need to be
processed fast

e Online Data Analytics

e Late decisions =» missing opportunities

 Examples

» E-Promotions: Based on your current location, your purchase history, what you
like =» send promotions right now for store next to you

» Healthcare monitoring: sensors monitoring your activities and body =2 any
abnormal measurements require immediate reaction

.4@,—



Velocity (Speed)

Product

'ecommendations
that are relevant
& compelling

Air traffic
control

Data
Analytics

Display social

networks
Self driving e EeT
cars in a personalized
Preventing fraud way

as it is occurring
& preventing more

proactively

g e



Some Make 1t 4V's

Data at Rest

Terabytes to
exabytes of existing
data to process

Data in Motion

Streaming data,
milliseconds to
seconds to respond

Data in Many
Forms
Structured,

unstructured, text,
multimedia

Data in Doubt

Uncertainty due to
data inconsistency
& incompleteness,
ambiguities, latency,
deception, model
approximations
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DOGBERT CONSULTS

CUSTOMER DATA
IS AN ASSET THAT
YOU CAN SELL.

Dilbert.com DilbertCartoonist@gmail.com

ITS TOTALLY
ETHICAL BECAUSE
OUR CUSTOMERS
WOULD DO THE SAME
THING TO US IF
THEY COULD.

10-13-10 ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

IN PHASE
SOUNDS ONE, WELL
FAIR. DEHUMANIZE
THE ENEMY BY
CALLING THEM
"DATA”
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The Data Science:
The 4t Paradigm for Scientific Discovery

F O RS H
PARADIGM

Experimental Theoretical The Fourth
Paradigm
Thousand Last few Last Today and the
years ago hundred years | few decades Future
Description of natural - Newton’s laws, | Simulation of !\ Un/'ij( theory,
phenomena | Maxwell’s equations... complex phenomena experiment and

simulation with large
multidisciplinary Data

Using data exploration
and data mining
(from instruments,
sensors, humans...)

Distributed
Crédits: Dennis Gannon Communities




Big Data Science:
The art of understanding huge volumes of
data

Data Science is not just data analysis.

Four main topics:

Data architecture: how the data would need to be routed and organized to
support the analysis, visualization and presentation of the data

Data acquisition: how the data are collected, and, importantly, how the data are
represented prior to analysis and presentation

Data analysis: involves many technical, mathematical, and statistical aspects;
still, the results have to be effectively communicated to the data user.

Data archiving: preservation of collected data in a form that makes it highly
reusable (data curation)

—



Data Scientist skills

Engineer collect & scrub disparate

data sources manage a large g %
computing cluster oF Machine 0°¢@
O  Leaming "%, G,
. | | W S, %
Mathematician machine learning ")

statistics

Artist visualize data beautifully, tell a
convincing story Ak

Substantive
Expertise




Data Scientist

"l keep saying the sexy job in the next ten years
will be statisticians. The ability to take data -
to be able to understand it, to process it, to
extract value from it, to visualize it, to
communicate it.”

Hal Varian, Google’s chief economist
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The Big Data Landscape

7
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Thank you!
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