Introduction to Big Data
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Google Flu trends

g00gle org i Trends

Griesnnn Explore flu trends around the world

FFFFFFFFF § v "
Wa've found that certain search terms are good indicators of fu activity, Google Flu Trends uses aggregated Google search
Select country/region - § data to estimate flu activity. Leam more »

Google detected flu
outbreak two weeks ahead
of CDC data (Centers for
Disease Control and
Prevention —U.S.A)

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

4,485,508,861 1,752,142,970 193,688,718,339

Internet live stats

http://www.internetlivestats.com/
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http://www.internetlivestats.com/

Who generates big data?

User Generated Content (Web & Mobile)

E.g., Facebook, Instagram, Yelp, TripAdvisor,
Twitter, YouTube v

Health and scientific computing
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Who generates big data?

Log files

Web server log files, machlne system Iog flles

Internet Of Things (loT)
Sensor networks RFIDs, smart meters




An example of Big data at work

Map dataw__

Real time traffic info
Travel time forecast/nowcast



What is big data?

CONSULTANTS SAY IT COMES FROM
THREE QUINTILLION EVERYWHERE. IT
BYTES OF DATA ARE = { KNOWSALL. )

CREATED EVERY DAY. o A B

o

ACCORDING TO THE BIG DATA LIVES
BOOK OF WIKIPEDIA, { IN THE CLOUD. IT
ITS NAME IS "BIG KNOWS WHAT WE

1 DATA.” ) DO. ,

DilbertCartoonist@gmail.com

Many different definitions

"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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The Vs of big data

The 3Vs of big data
olume: scale of data
ariety: different forms of data

elocity: analysis of streaming data
... but also

eracity: uncertainty of data
alue: exploit information provided by data
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The Vs of big data

terabytes petabytes exabytes zettabytes

Volume

the amount of data stored by the average company today

Data volume increases exponentially over time

44X increase from 2009 to 2020
Digital data 35 ZB in 2020

The Digital Universe 2009-2020

Data storage growth
8 In millions of petabytes

One petabyte = 1,024 terabytes Growin
6 (One petaby ytes) ° ByAg
A 2000 Factor Of 44
082y -
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Twitter: Tweets Per Day
400

=]

2020: 35.2 Zattabﬁes
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The Vs of big data

ariety

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

For area (Lat: 33.5M-34.5N, Lon: 77W-76W)

Clluwf”lw}:::\ﬁnlrwm

\“\\

You {15
flickr

;ocial Media

A single application may generate many different
formats

Heterogeneous data
Complex data integration problem
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The Vs of big data

Velocity

Fast data generation rate
Streaming data

Very fast data processing to ensure timeliness
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The Vs of big data

eracity
Data quality

Reliability

e toieres 1 A C C u racy
TI m e | I n e S S el Comparabity 51
recision ReleVance

Understandability  Usefulne Interpretability

1 . 'S sableness
Consistency o CUSalIENess  nportance
Freedom from bias
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The Vs of big data

Value

Translate data into business advantage

Example; US econx

index

e

captur

Big data: ease-of-

High
Natural r
Manut
essional ser
mmodation and ot o OmDAnSs
L= Of Companes
Constructior |‘. 1
rade

Low High

LFor detailed explication of metrics, see appendix in McKinsey Global Institute full report Big data: The next frontier for

innovation, competition, and productivity, available

= omline al mckinsey.com/mgi.

Source: US Bureau of Labor Statistics; McKinsev Global Institute analysis
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Big data value chain

Generation \Acquisition Storage Analysis N

Generation

Passive recording
Typically structured data

Bank trading transactions, shopping records, government
sector archives

Active generation
Semistructured or unstructured data
User-generated content, e.qg., social networks

Automatic production

Location-aware, context-dependent, highly mobile data

Sensor-based Internet-enabled devices
18



Big data value chain
Generatio Acquisition\ Storage Analysis

Acquisition
Collection

Pull-based, e.g., web crawler
Push-based, e.g., video surveillance, click stream

Transmission

Transfer to data center over high capacity links

Preprocessing

Integration, cleaning, redundancy elimination
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Big data value chain

GenerationAcquisition Storage \ Analysis

Storage

Storage infrastructure
Storage technology, e.g., HDD, SSD
Networking architecture, e.g., DAS, NAS, SAN
Data management

File systems (HDFS), key-value stores (Memcached),
column-oriented databases (Cassandra), document
databases (MongoDB)

Programming models
MapReduce, stream processing, graph processing
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Big data value chain
GeneratioAcquisitio Storage Analysis

Analysis

Objectives

Descriptive analytics, predictive analytics, prescriptive
analytics

Methods

Statistical analysis, data mining, text mining, network
and graph data mining

Clustering, classification and regression, association
analysis

Diverse domains call for customized techniques
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Big data challenges

Technology and infrastructure

New architectures, programming paradigms and
techniques are needed

Data management and analysis
New emphasis on “data”
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The bottleneck

Processors process data

Hard drives store data
We need to transfer data from the disk to the

Processor
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The solution

Transfer the processing power to the data
Multiple distributed disks

Each one holding a portion of a large dataset

Process in parallel different file portions from
different disks
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