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Contenuti della lezione

* Introduzione ai Big Data
* Definizione dei Big Data

* Le 3V+2V dei Big Data
o Architetture e problematiche

* Memorizzare e gestire 1 Big Data
e Hadoop & Map-reduce

e Cloud computing
e NoSQL DBMS
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Goals

* Show state-of-the-art techniques for dealing with collections of
unstructured data whose size exceeds the capacity of storage,
management, and analysis typical for traditional (relational) database
systems

* In particular:

e Requirements for modern applications
e Problems with big data
e Available hardware/software solutions
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Esempi di applicazion

£00gle 0rg Futrends

Google Flu trends forsn e ram Explore flu trends around the world
F"'_ T_m"_d' i . Wia've found that certain seanch tems are good indicatars of flu acthity, Google Fiu Trends uses aggregated Google seanh
| Stiect counary/reg ion - 5 | data to estimate flu activity. Leam more =

* February 2010 =

* Google detected flu outbreak two o g
weeks ahead of CDC data (Centers - | 2
for Disease Control and Prevention —

U.S.A)

* Based on the analysis of Google
search queries
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Data on the Internet

¢ Internet live stats

* http://www.internetlivestats.com/
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Cosa Sono i big Data?

Big Data is any thing
which is crash Excel

~
Small Data is when is fit in RAM.

Big Data is when is crash because is
not fit in RAM

)

Or, in other words, Big Data is data in
volumes too great to process by
traditional methods.

https://twitter.com/devops_borat
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/Who generates big data

e User Generated Content (Web & Mobile)
* E.g., Facebook, Instagram, Yelp, TripAdvisor, Twitter, YouTube
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Who generates big data

* Log files

e Web server log files, machine system log files

* Internet Of Things (IoT)

e Sensor networks, RFIDs, smart meters

Sensor Networks
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An example of Big Data at work

Crowdsourcin Sensing Map _Pata

e = |

e Real time traffic info
e Travel time forecast/nowcast

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data 10



—
o
Big Datae Ditferent definitions!

* “Big data exceeds the reach of commonly used hardware environments
and software tools to capture, manage, and process it with in a tolerable
elapsed time for its user population.” (Teradata Magazine article, 2011)

* “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, 2012)

* “Big data is a term for data sets that are so large or complex that
traditional data processing applications are inadequate.” (Wikipedia,
2016)
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What is big datae

Many different definitions

CONSULTANTS SAY IT COMES FROM
EVERYWHERE. IT
KNOWS ALL.

ACCORDING TO THE 16 DATA LIVES
BOOK OF WIKIPEDIA, g Il?q TEE CLoll-JD‘ 1T

ITS NAME IS "BIG
DATA" KNOWS&JJI:‘IAT WE

THREE QUINTILLION
BYTES OF DATA ARE
| CREATED EVERY DAY. )

DilbertCartoonist@gmail.com

“Data whose scale, diversity and complexity require new architectures,
techniques, algorithms and analytics to manage it and extract value and
hidden knowledge from it”
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Some numbers

¢ How many data in the world?
e 800 Terabytes, 2000
e 160 Exabytes, 2006 (1EB = 1018B)
e 500 Exabytes, 2009
e 2.7 Zettabytes, 2012 (1ZB = 1021B)
e 35 Zettabytes by 2020
e How much is a zettabyte?
e 1,000,000,000,000,000,000,000 bytes
e Astack of 1TB hard disks that is 25,400 km high
e How many data in a day?
o 7 TB, Twitter
e 10 TB, Facebook
90% of world's data:
e generated over last two years
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The Vs of big data: From WWW 1o VVV

e The 3Vs of big data
e Volume: scale of data
 data volumes are becoming unmanageable
e Variety: different forms of data

 data complexity is growing ;i—:;il :?;fs
« more types of data captured than previously » Transactions
e Velocity: analysis of streaming data * Tables, files
« some data is arriving so rapidly that it must
either be processed instantly, or lost
» this is a whole subfield called “stream
processing” -
* ...butalso * Batch * Structured
e Veracity: uncertainty of data * Snear Hime " SRmluchutec
s : : * Real time * Semistructured
e Value: exploit information provided by data v Sheatiic AR et
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/The Vs of big data: Volume

terabytes petabytes exabytes zettabytes

the amount of data stored by the average company today
e Volume

e Data volume increases exponentially over time
e 44x increase from 2009 to 2020
e Digital data 35 ZB in 2020

Twitter: Tweets Per D
Data storage growth B —

8 Inmillions of petabytes

; (One petabyte = 1,024 terabytes) ?

O

2020: 35.2 Zultahﬁl

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data 17



The Vs of big data: Variety

® Variety

e Various formats, types and structures
« Numerical data, image data, audio, video, text, time series

For area {(Lot: 33.5N-34.5N, Lon: 77W-76W)
facebook y

twikker

é QY woroPress .
< Yol

e, 1AL

o

o o al

e A single application may generate many different formats
« Heterogeneous data

« Complex data integration problem

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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The Vs of big data: Velocity

® Velocity

e Fast data generation rate
« Streaming data

e Very fast data processing to ensure timeliness

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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The Vs of big data: Veracity

® Veracity

e Data quality

[
| ey :
- I}
(S | Nl |:| .__J)
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I
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The Vs of big data: Value

() ‘/ lu Exarmple: LS ecanany Size of butbls indicatas refative
a e : corribution to GOF

o they Can generate hu ge Hign Ltilities Hesfth care  Computers and other electronic products

information

Matural rescorces . providiers

competitive advantages! - vansactng

Finance and
insurance

Trarsportation and warehousing
Heal estala
Managemeant of companss

Wholesale trade

e Translate data into business
advantage

Professional serices
Accommodation and food

Gunstruutiu:un“

Big data: ease-of-capture index

Admimistrative
SErVinEs . Betad trade
Oithar s
ARG Educational
SRS
. Government
@ Atsaa
Low anerianment High

Big data: value potential index’

LFor detailed explication of metrics, see appendix in McKinsew Chobal Institute full report Sig data: The nexd frontier for
irstovalion, competition, and productivity, available free of charge online al mekinsey.com/mygi.

Source: 75 Bureau of Labor Statistics; MeKinsey Global Institute analvsic
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The promise of Big Dato

* Data contains information of great business value
* If you can extract those insights, you can make far better decisions
* ..butis data really that valuable?
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Bigger=Smartere

® Yes!
e tolerate errors

e discover the “long tail” and
“corner cases”

e algorithms work much better
* BUT:
e more heterogeneity

e data grows faster than energy on

chip
e still need humans to ask right
questions

Paola Vocca

Popularity / usefulness
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The Long Tail Model

HEAD

| LONG TAIL ,

Highly

popular Sorta/kinda popular I Niche products

# of unique products

“We sold more books today that didn't sell at
all yesterday than we sold today of all the
books that did sell yesterday” (Amazon
employee)
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_ nature International weekly journal of seience

Home ‘ News & Comment | Research | Careers & Jobs ‘ Cumrent Issue | Archive ‘ Audio & Video | For A

Drug data reveal sneaky side effects

Mining of surveillance data highlights thousands of previously unknown consequences
when drugs are taken together.

Heidi Ledford

14 March 2012
An algorithm designed by US scientists to trawl through a plethora of b
[ ]
drug interactions has yielded thousands of previously unknown side
4.
effects caused by taking drugs in combination. sl
™ rights & permissions

The work, published today in Science Translational Meda‘ca'ne1. % = share/bookmark
provides a way fo sort through the hundreds of thousands of 'adverse

events' reported to the US Food and Drug Administration (FDA) each

year. "It's a step in the direction of a complete catalogue of drug—drug interactions,” says the
study's lead author, Russ Aliman, a bioengineer at Stanford University in California.

Although clinical trials are often designed to "'/
assess the safety of a drug in addition to how

well it works, the size of the trials needed to

detect the full range of drug interactions would &
surpass even the large, late-stage clinical trials ' 3
sometimes required for drug approval.
Furthermore, clinical trials are often done in
controlled settings, using carefully defined criteria

to determine which patients are eligible for ; ——
A program predicts the potential side-effects of

mixing different pills.
might have and which medicines they can take DWIMAG ESALAM

enrolment — including other conditions they

alongside the trial drug.
DdS1 Ul LdU € Ul LUIUSLeIIZd - LUdsL Ul AU € DIg Ldld
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How Companies Learn Your Secrets

By CHARLES DUHIGG
blished: February 1¢ B 570 Comments
Andrew Pole had just started working asa Ei racesook
statistician for Target in 2002, when two W TWTTER
colleagues from the marketing department
stopped by his desk to ask an odd question: “If
we wanted to figure out if a customer is
pregnant, even if she didn’t want us to know, can SHARE
you do that? ” S pRINT

3 cooGLE+

E E-MAIL

About a year after Pole created his pregnancy-prediction model, a
man walked into a Target outside Minneapolis and demanded to see
the manager. He was clutching coupons that had been sent to his
daughter, and he was angry, according to an employee who
participated in the conversation.

“My daughter got this in the mail!” he said. “She’s still in high school,
and you're sending her coupons for baby clothes and cribs? Are you
trying to encourage her to get pregnant?”

The manager didn’t have any idea what the man was talking about.
He looked at the mailer. Sure enough, it was addressed to the man’s
daughter and contained advertisements for maternity clothing,
nursery furniture and pictures of smiling infants. The manager
apologized and then called a few days later to apologize again.

On the phone, though, the father was somewhat abashed. “T had a
talk with my daughter,” he said. “It turns out there’s been some
activities in my house I haven’t been completely aware of. She’s due in
August. I owe you an apology.”

Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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Some more examples

* Sports
e basketball increasingly driven by data analytics
e soccer beginning to follow
* Entertainment
e House of Cards designed based on data analysis
e increasing use of similar tools in Hollywood
* “Visa Says Big Data Identifies Billions of Dollars in Fraud”
e new Big Data analytics platform on Hadoop
* “Facebook is about to launch Big Data play”
e starting to connect Facebook with real life

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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The risks of Big Data

* Data grows faster than energy on chip
e Efficiency
e Effectiveness
e Scalability

e Costs

* Privacy

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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/Le sfide del big Data

e Technology and infrastructure
e New architectures, programming paradigms and techniques are needed
e Data management and analysis

e New emphasis on “data”
e Data science

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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Data Science




| —
Collo di bottiglio

® Processors process data
* Hard drives store data
* We need to transfer data from the disk to the processor

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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/The solution

* Transfer the processing power to the data
* Multiple distributed disks

e Each one holding a portion of a large dataset

* Process in parallel different file portions from different disks

13381

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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Data quality

* “The greatest enemy of knowledge is not ignorance; it is the illusion of
knowledge.”

Daniel Borstin, in The Discoverers (1983)

95% of time, when is clean Big Data is
getting Little Data

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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Data quality

* “A huge problem in practice
e any manually entered data is suspect
e most data sets are in practice deeply problematic
* Even automatically gathered data can be a problem
e systematic problems with sensors
e errors causing data loss
e incorrect metadata about the sensor
e Never, never, never trust the data without checking it!

e garbage in, garbage out, etc

Paola Vocca Basi di Dati e di Conoscenza - Dasi di DAti e Big Data
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