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INSA

= Rennes capital of Brittany - “

and city of over 400 000 inhabitants

Rennes is the:

© 11th largest city in France

©2nd city in France for its student
population

Rennes is
situated:

045 minutes from the sea ’
(Saint-Malo)
© 1,5 hours from Paris

Rennes is a university and research hub PARIS
of international importance in 3 sectors : RENNES

OHealth
O Digital Technology
OEco-activities
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INSTITUT NATIONAL
DES SCIENCES

“" INSA Rennes, public-funded l
graduate and post graduate
engineering school

Founded in 1966, INSA Rennes is classed
among the best graduate and post graduate
engineering schools in France.

In addition to being a research center, INSA
Rennes gives professional training in
engineering and research

in 2 poles of excellence:

INSA

O Information and Communication Sciences
and Technologies (ICST)

O Materials, Structures and Mechanics (MSM)

EN

MINISTERE

DE L'ENSEIGNEMENT DIPLOME .
SUPERIEUR, D'INGENIEUR |
DE LA RECHERCHE CONTROLE

ET DE L'INNOVATION PAR LETAT
Lidernd

Ezalité
Erarorait!

Commission
des Titres d'Ingénieur
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=z INSA Rennes, at the heart =
ofaSCIence ............................................................................... lﬁ i
and technology campus &

INSA

Equipped 17 hectare campus

© Accommodation and catering in situ

© Pedagogical, scientific and sports
equipment

Within the Le POOOL technology cluster

© More than 300 companies

© 80% engineering and technology
companies

Within the science campus of Rennes

© 70289 students
O 32 institutes of higher education and
graduate schools

|-



INSA ;= This course .I
Today
What is Big Data?
« Recognize some of the main
. How’s THE
terminology BIG DATA PROTECT
COMING ALONG,
HOSKINS? T —

What can we do with Big
Data?

- Realize the potential of Big
Data

Why is it difficult?

* Understand why we need a
different paradigm

© D.Fletcher for CloudTweaks.com

How to store and process
Big Data?
« Know the existing tools

|-




INSA 555 Notthiscourse

Not focusing on
* machine learning
« data mining
* natural language processing

although we will touch on these



INS A‘ ‘ E‘%%Eﬁé‘%"”’“ Linked [ Learning N |
The Skills Companies

Il Need Most in 2020

Machine lear
Statistical m
Expenment

e science fundamentals
puage ¢.g Python
ical computng packapes. e g R
ises: SOL and NoSOL

Bayesian infq

Supervised |
nal alpebra

:,‘:lll]::[l}';l".’nl;il TOp 5 SOft Sk]”S TOp ]_O HOrd Skﬂ]S bl databases and paralie] query

dimensionali SINg
Optimization O Creativity = O Blockchain b rduce concepts
vanants p and Hive/Pig
® Persuasion - @ Cloud computing 1 n reducers
© Collaboration : © Anclytical reasoning el e s
O Adaptability : O Artificial intelligence -2
DOMAIN © Emotional intelligence @ UXdesign : UNICATION
&SOFT'S . A ALIZATION
Passionate 2 O Business analysis +0

engage with senior
Curious abo

@ Affiliate marketing now

Influence wi

Hacker mind| 0 Sales = ite data-driiven insights into
Problem sol hns and actions
i O Scientific computing  *3 art design

Strategic, pr
innovative ar

xages like peplot or fattice

® Video production -3

sdpe of any of visualization
lare, D3js. Tableau

- means that it remains at the same spaot as last year.




INSA - Lectures outline l a

Big Data overview
« Data and Processing Models
« Consistency

Programming with Big Data
* (Google MapReduce
* Apache Hadoop




INSA 55" Readings L

Tony Hey, Stewart Tansley, Kristin Tolle ,The Fourth
Paradigm: Data-Intensive Scientific Discovery 7,
Microsoft Research

Jeffrey Stanton, “Introduction to Data Science”,
Syracuse University Press

Jeffrey Dean, Sanjay Ghemawat, “MapReduce:
Simplified Data Processing on Large Clusters ", OSDI
2004

Matei Zaharia, Mosharaf Chowdhury, Michael J.
Franklin, Scott Shenker, lon Stoica, “Spark: Cluster
Computing with Working Sets”, NSDI 2012

... additional bibliography specific to each lecture

|-



Sources of
Big Data




INSA

Big Data Units ‘ %

Unit Size What it means

Bit (b) l1or0 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 5MB.
A typical pop song is about 4MB

------------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------

Terabyte (TB) 1,000G8; 2 bytes From “monster” in Greek. All the catalogued books
in America’s Library of Congress total 15T8

------------------------------------------------------------------------------------------------------------------------------------------------------

Petabyte (PB) 1,0007T8; 2°° bytes All letters delivered by America’s postal service this year will amount
to around 5PB. Google processes around 1PB every hour

------------------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------------

Zettabyte (ZB)  1,000EB; 2’0 bytes The total amount of information in existence
this year is forecast to be around 1,278

----------------------------------------------------------------------------------------------------------------------------------------------------

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.

|-



INSA:: Internet

" users Make  PASSENGERS = USERS LIKE
dAREN 1|
RIDESL v L

POSTS

O ks " @ A==—rieErs (| [11]
———— USERS VIEW @ o | @ USERS UPLOAD ——
VIDEOS ‘, ! ~E OUL) e

A U

:' =B
USERS LIKE

PHOTOS

USERS PIN —
IMAGES

S— . . . - ‘ = .r‘/ls = ?ﬁ—’»’j—‘- :'.’(. |
USERS SWIPE —— 2 s

- USERS
DOWNLOAD ST

SUBSCRIBERS
VIDEOS - AN ?F?E'YFS USERS CAST STREAM

N VOTES
UNIQUEVISITORS —
HOURS OF VIDEO




.

Digital traces

x 5,000,000,000 users

1 GB of data
/| person
/ day

INSTITUT NATIONAL
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INSHE"  Thebig picture (n2020) gl

=L

 10PB of Facebook data
per day

* 500M tweets per day

* Google processes
100PB a day

‘ == I '



INSA .-~ Sensors from the Internet of Things

RENNES

LIDAR sensors

Ultrasonic
sensors




INSA ;i Sensors from the Internet of Things ‘

Cruise

Sensor type Data generated

Radar 0.1-15 Mbit/s

LIDAR 20-100 Mbit/s
Camera 500-3,500 Mbit/s

Ultrasonic <0.01 Mbit/s

Vehicle motion, GNSS, IMU <0.1 Mbit/s

TOTAL ESTIMATED BANDWIDTH
3 Gbit/s (~1.4TB/h) to 40 Gbit/s (~19 TB/h)
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INSA

» The levels of Autonomous Vehicles

Autonomous Vehicles “Tipping Point”
Transition from human drivers to vehicles driving

Near to
Distant

HUMAN ONLY MODERN SODERN PLUS PARTIAL FULL AUTONOMY
VEHICLE TS e AUTONOMY (+ HUMAN)
The driver (human) controls Moct BN s el aulgrtn':fesdt ftt’lizncfrtfges ngrtrol Bxivars ara Gl nececaary, :;x:e;rzzgoglmma&iasf:{d
everything: steering, brakes, cortroled by a drivey, but & lane-centering), but the but are not requirad to monitor roadway conditions 7
thra- e powér & some (like braking) can be dia TRt be reat'iy 16 tako monitor the situation as with for an entire trip, with pi no steering wheel or controls
done automatically by the car control of the vehicle previous levels for human driving




NSTITUT IAT ONAL
DE% CIENCE

INSA = Self-driving cars

ANNOUNCING
“PEGASUS”

ROBOTAXI DRIVE PX

TO\D

Supercomputing Data Center in Your Trunk




INSA i Large Hadron Collide

RENNES




10 light year away —— 2°000°000 years I:I 17000’000+
The SKA will be so sensitive that w4 The data collected by the SKAina of 500GB laptops can

it will be able to detect an airport (QJ—= single day would take nearly two ) Ve filled with SKA data
radar on a planet at this distance million years to playback on an ipod every year

———— Ontwosites;

South Africa .
SKAT-MID o Western Australia
SKA7-LOW

~200 ). “ ” 8x
dishes more sensitive than any A

A more sensitive than any

other radio telescope % =1307000 '\ other radio telescope

' antennas spread

33’000 m? between 500 stations e 420’000 m?

of total collecting area [:il of total collecting area
(=126 tennis courts) (=58 football pitch)




INSTITUT NATIONAL

INSA ;= Climate Simulations

cold pool at surface

reflectivity

updraft

RFD
colored by elevation

TimeStep: 29




INSA'z:=" 3D Rendering for Animations . “‘

Avatar

40,000 processors
handling 8 GB of data per
second, 24 hours a day

* Afinal copy equated to 17
GB per minute of storage

 The sum of required
computing power for the
creation of Avatar
reached 205 teraflops

Monsters University

e 2,000 computers with
more than 24,000 cores

« Still took 25-30 hours to
render a single frame

 Allin all, it took over 100
million hours of CPU time
to render the entire movie




Fake News
y L
“Obama Signs Executive Order Banning The Pledge

Of Allegiance In Schools Nationwide” ABCNews.com.co

INSA

2,177,000 Facebook shares, comments, and reactions

“Pope Francis Shocks World, Endorses Donald Trump
for President, Releases Statement” Ending the Fed

961,000

- “Trump Offering Free One-Way Tickets to Africa & Mexico for
Those Who Wanna Leave America” tmzhiphop.com

802,000

“FBI Agent Suspected in Hillary Email Leaks Found
Dead in Apparent Murder-Suicide” Denver Guardian

567,000

“RAGE AGAINST THE MACHINE To Reunite And Release
Anti Donald Trump Album” heaviermetal.net

560,000

' Donald J. Trump &

realDonaldTrump

sible sites comes from

Fake news
spreads
than accurate
news on :
and falsehoods
are 70%

w more likely to be

@Aiell¢

MW retweeted. [MIT,




INSA::= Existing tools .
1Es DECODEURS  POLITIFACT

WINNER OF THE PULITZER PRIZE

H Datavisualisation = Vérification Nanographix Contexte Evasion fiscale

{ BLACKINSURANCENEWS.COM
Says former NRA president Jim Porter said, "It’s only a

matter of time before we can own colored people again."

FAUX

— PunditFact on Thursday, March 2nd, 2017

Confusions autour d'un Non, I'affaire Fillon n'est Macron « financé par

« imp6t colonial » et du pas un cadeau de I’Arabie saoudite » : une

francCFA remerciement du « Canard intox massivement relayée
enchainé » a Macron = s par I'extréme droite 2

Entrez I'adresse (URL) d'une page Web ci-dessous ou le nom d’un site pour savoir si la
source de l'information (c'est-a-dire celui ou celle qui la diffuse) est plutét fiable ou non.

Ex. : www.lanutrition.fr Q

Les plus recherchés : www.nouvelordremondial.cc www.nouvelordremondial.cc
www.legorafi.fr

DONALD TRUMP
"According to data provided by the Department of Justice,

DECODEX

the vast majority of individuals convicted of terrorism and

terrorism-related offenses since 9/11 came here from
outside of our country."

— PolitiFact National on Thursday, March 2nd, 2017

Ce site diffuse régulierement de fausses informations ou des articles
trompeurs. Restez vigilant et cherchez d'autres sources plus fiables.
Si possible, remontez a I'origine de l'information.

DONALD TRUMP

"Currently, when we ship products out of America, many
other countries make us pay very high tariffs and taxes —

but when foreign companies ship their products into
America, we charge them nothing or almost nothing."

Ce site est en principe plutot fiable. N'hésit( Le Monde nfirmer l'information
en cherchant d'autres sources fiables ou en remontant a son origine.

-

A made-up story
returns from 2013

Many convicted for
acts not in U.S. soil,
includes non-violent
convictions

TRUTH-O-METER™




INSA

= Fighting fake news with Big DataL.

Facebook to flag fake
news stories

L Betsy Marshall Barda shared Joe Redner’
Users report the story as bogus or Kl e ow e o o oe reanerspes

Facebook’s software detects OGS o B il R 30000 Harsl. Hata. ight < we nead o
SOmething Odd investigate the leakeri!! LOLOLOL
Facebook sends the story to some & Joe Redner

of the organizations that have Mirch 2.3 8:00m /@
investigators from A.R.H. Intelligence and Z|13 Security believe that

Slg ned on tO prOVIde free faCt' the unsecured Android device was most lixely compromised by a
checking (e g. Snopes, Pol |t|fact) suspicious animated GIF that was sent to President Trump via text

message.

If two of those fact-checkers think

it's bogus, the label goes on. Trump's Unsecured Android Device

Source Of Recent White House Leaks

THESEATTLETRIBUNE.COM

Google presented an
algorithm for fake news

detection

. . =D 1 Commant [~
Websites are scored according to

the accuracy of the of the facts
presented

|-

iy Uke P Comment # Share «{» Embed






INSA Deep Fake W <

Machine learning is exceptionally good
at learning how to exploit human
psychology

because the internet provides a vast and fast
feedback loop to learn what will reinforce and or
break beliefs by demographic cohorts

« an Al engine that can generate messages and
immediately test if the message is effective

Generative adversarial networks help
create Al-generated images and

deepfakes

« Two neural networks (a generator and a
discriminator) work together to create the fictional
Image

|-
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RENNES

Total size of the
Digital Universe

50 ZetaBytes

in 2021

s How big is Big Data ?

Obama the warrior

Th c Misgoverning Argentina
E conomi St The ecoromic shift from West o East

Genetically modified crops blossom

| e gonomisttoni| | | The right to eat cats and dogs

| The datadeluge It

AND HOWTOHANDLE IT: A 14-P

::aaqs



Defining
Big Data




INSA = What is Big Data ? ‘ <

A

Available data

Data volumes

Gap —

- Available storage

(=capacity to process data)
>

Time



INSA

Terabytes to
Exabytes of existing
data to process

|-

= Big Data Features: the 3 Vs lJ

Variety

Structured and
unstructured data

<

Velocity

Data requiring
milliseconds to
seconds to respond




EEEEEEEEEEE

o= Variety

23

'=e~'*

Structured Semi-Structured Unstructured
Data Data Data

|-
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INSA Variety
e Structured
. Relational data: tables, transactions,
legacy data
e Semi-structured
. Text: web, documents
. XML, JSON
. Large graphs: social networks, semantic
web (RDF)

e Unstructured

«  Streaming: You can only scan the data
once

 Asingle application can process
many types of data

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

|-



INSA

 Real-time / fast data: data is being generated fast and
need to be processed fast

/;FQI:‘L’I‘QEUSEES Ve I o c ity

INSTITUT NATIONAL 4
DES SCIENCES '

« Late decisions: missing opportunities

Product
recommendations Data Air traffic
- — that are relevant control
- & compelling

Display social

networks
Self driving _ content _
cars in a personalized
way

Preventing fraud
as it is occurring
& preventing more
proactively




Processing
Big Data




« Stored data = Costs

* Information from data = Profit

Goal: Extract valuable information / added value
from these huge data




INSA Whatis necded? WL

Hardware: distributed infrastructures

— Cloud computing allows to lease computing
and storage resources

& -

,l i
' amazon

webservices™

Google Cloud
Software: new programming models

— MapReduce: simple yet scalable model for
Big Data processing

20 g Ie '@'hadamp




INSA &= Cloud Computing

» Everything as a

Service

The delivery of computing as
a service rather than a
product

Shared resources, software,
and information are provided
as a metered service over a
network (typically the Internet)

|-

® S
a
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INSA!z: What is the cloud’? One

L
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Non-terrestrial
Network

Flight subsystem Communications
payload

Non-terrestrial

Network
= =
/ ~ N v
" & A2 o
UAV BS/Relay \0 o=
UxNBS v ues @
Aerial Part
/ Ground Part Data

C?""?' / signals
signals : — (r
3 - °
&

.7 . : ‘-‘- ﬁ Terrestrial s
0

~

' networks - -
\ Control station — . Gateway /
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INSTITUT NATIONAL '
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= What is the cloud? One datancenter?




INSA‘ INSTITUT NATIONAL
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APPLIQUEES
RENNES L u ]
Many geographically distributed
Canada East - Nerth EuUK South -y
g 2 fOPE - & @ - West Europe
A e 3 ® [N UK West - ol g .0 ------ GGerman% cNortthfast
L, A @t ermany Central
uscgg;lral n'g % o ® France Central < 4 froore Korea Central
WestUS 2. ST 70" @ g .. North Central US " 4 | e Korea South
West US - woreren ® : b : __________ US DoD East rance South - China North ... @ 6 i .Q' '::'-.-.-:-',' .laponw&st
US Gov Arizona -« @ R L e East US . i apan West
5 @ . East US 2 ina East ... &
West Central US <o 5 . t : -+ US Gov Virginia
1 PIIE R e Y 000 b P haaas . @S East Asia
US Gov Texas -+ | . US DoD Central Westindia o @ ®
South Central US ' e%czfnhnlndia L
@ Generally available @ e Southeast Asia
A Coming soon
@ svriese Brazil South
g Sou::'Aﬁk‘ North ® e Australia East
o South AficaWest o
AR CarT et ‘: Australia Southeast
Australia Central 2 ..o F
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Guest OS
(Windows)

Foo T

I |

VM1

Enabling technology: virtualisation

* Allows multiple virtual machines to run on a
single physical machine
-

r----------------

INSTITUT NATIONAL
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INSA

Managed by You

INSTITUT NATIONAL

Types of clouds

laas:
Infrastructure

as a Service

b5

Applications

Mana ged
by You

Runtime

Middleware

Virtualization
Servers

Storage

Networking

o
Q
=

hardware:
storage and
compute

|-

Jopuap Aq padeue |y

Paas:

Platform as a

Service

Applications

Data

Runtime

Middleware

@)
7

Virtualization

Servers

Jopuap Aq pedeuey

)
| |

Storage

Networking

Development
environments
to create
applications

4

Saas:

Software as a

Service

Applications

Data

Runtime

Middleware

Virtualization

lopuap Aq padeuey

Servers

Storage

Networking

Business
applications
(e.g. Dropbox,
Office 365)







