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Big data—a growing torrent
SO0 St ronwers i

S billion ez
30 Dillion &rrsssskvery monts

4 0 cy projected growth in
0 global data generated

per year vs. 5 %

growth in global
IT spending

2 3 terabytes data collected by
the US Library of Congress

by April 2011

15 out of 17

sectors in the United States have
more data stored per company
than the US Library of Congress




Big data—capturing its value

$300 billion

potential annual value to US health care—more than
double the total annual health care spending in Spain

€250 billion

potential annual value to Europe’s public sector
administration—more than GDP of Greece

$600 billion

potential annual consumer surplus from
using personal location data globally

6 O .[y potential increase in
O retailers’ operating margins

possible with big data

140,000-190,000

more deep analytical talent positions, and

1.5 million

more data-savvy managers
needed to take full advantage
of big data in the United States




What is Big-Data?

» ‘Big—data’ is similar to ‘Small-data’, but
bigger

» ...but having data bigger consequently
requires different approaches:
- techniques, tools & architectures

» ...to solve:

- New problems...
> ...and old problems in a better way.



Characterization of Big-Data:
volume, velocity, variety (V3)

Zettabytes Terabytes
—




Big-Data popularity on the Web

® big data @ data mining ® semantic web
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iJ Spectra Logic Delivers ExaScale Storage for 'Big

Data"; Announces Series of Products and
Advancements and Unveils World's Highest
Capacity Storage System

MarketWatch - Nov 1 2011

Webcast: Obama Goes Big on Big Data
Wired News - Mar 27 2012

Cisco Joins Forces with EMC 1o Advance IT Skills
in Cloud, Big Data and Data Center Technologies
Justmeans - Apr 3 2012

@ machine learning
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Ferranti Unveils its MECOMS™ “Big Data”
Strateqy for Utility Meter Data Management and
Real Time Billing

Victoria Times Colonist - Apr 10 2012

Deconstructing Big Data - BuildZoom Launches an
Article Series that Reveals the Hype and
Substance Behind Big Data

Houston Chronicle - Apr 17 2012

Harvard Releases Big Data for Books
Mew York Times - Apr 24 2012




Big-Data in Gartner Hype-Cycle 2011

Hype Cycle for Emerging Technologies, 2011

Internet TV

NFC Payment

Private Cloud Computing
Augmented Reality
Cloud Computing
Media Tablet

Virtual Assistants

Activity Streams
Wireless Power
Social Analytics
Group Buying

Gamification
Images Recognition
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Printing | In-Memory Database Managment Systems

@ Gesture Recognition

Context-Enriched Services
Speech-to-Speech Translation
Internet of Things @ Machine-to-Machine Communication Services
Mobile
Natural Language Location-Aware
Question Ansmgerigg Robots A Mesh Networks: Sensor Applications
“Big Data” and Extreme O
Information Processing A
and Management l‘é' Speech Hecagnltmn

Social TV@ Cloud/Web Platforms o
Video Analytics for
Customer Service @ iton Sl
A Computer-Brain d B:mnetrlc Authentlcatmn Methods
Quantum Cumpuﬁn? Interface Idea Management

Human Augmentation QR/Color Code
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3D Bioprinting
Virtual Worlds

As of July 2011

O Less than 2 years ® 2to5years @ 5to 10years A More than 10 years I Obsolete before plateau



Why Big-Data?

» Key enablers for the growth of “Big Data” are:
> Increase of storage capacities
> Increase of processing power
- Availability of data



Enabler: Data storage

Data storage has grown significantly, shifting markedly from analog to
digital after 2000
Global installed, optimally compressed, storage

Overall Detail
Exabytes %, exabytes
300 100% = 3
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NOTE: Numbers may not sum due to rounding.

SOURCE: Hilbert and Lopez, “The world's technological capacity to store, communicate, and compute information,” Science,
201



Enabler: Computation capacity

Computation capacity has also risen sharply
Global installed computation to handle information

Overall Detail Pocket calculators Mobile phones/PDA
10'? million instructions per second % 102 million
65 - nstructions

- per second Servers and B Personal computers

60 | mainframes

Supercomputers B video game consoles
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NOTE: Numbers may not sum due to rounding.

SOURCE: Hilbert and Lopez, “The world's technological capacity to store, communicate, and compute information,” Science,
2011



Enabler: Data availability

Companies in all sectors have at least 100 terabytes of stored data in the
United States; many have more than 1 petabyte

Stored data per firm
(=1,000 employees), 2009

Stored data in the

United States, 2009' Number of firms with

Petabytes =1,000 employees? Terabytes
Discrete manufacturing?® 966 1,000 9572
Government 848 647 1,312
Communications and media 715 399 1,792
Process manufacturing® 694 835 8312
Banking 619 EYd 1,931
Health care providers? 434 1,172 370
Securities and investment services 429 111 3,866
Professional services 411 1,478 278
Retail 364 522 697
Education 269 843 319
Insurance 243 280 870
Transportation 227 283 801
Wholesale 202 376 536
Utilities 194 129 1,507
Resource industries 116 140 825
Consumer & recreational services 106 708 150
Construction 51 222 21

1 Storage data by sector derived from 1DC.

2 Firm data split into sectors, when needed, using employment

3 The particularly large number of firms in manufacturing and health care provider sectors make the available storage per

company much smaller.

SOURCE: IDC; US Bureau of Labor Statistics; McKinsey Global Institute analysis



Type of available data

The type of data generated and stored varies by sector’

Video Image Audio
Banking
Insurance
Securities and investment services
Discrete manufacturing
Process manufacturing
Retail
Wholesale
Professional services
Consumer and recreational services

Health care _
Transportation

Communications and media®

Utilities

Construction -

Resource industries
Government
Education

1 We compiled this heat map using units of data (in files or minutes of video) rather than bytes.
2 Video and audio are high in some subsectors.

SOURCE: McKinsey Global Institute analysis

Text/
numbers

Penetration
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Data available from social
networks and mobile devices

The penetration of social networks is increasing online

and on smartphones; frequent users are increasing

as a share of total users'

Social networking penetration on the PC is
slowing, but frequent users are still increasing
% of respondents

+11% p.a.
67
63 -
95 14

13

2008 2009 2010

E:'equent e @ e

users

Social networking penetration of smartphones
has nearly doubled since 2008
% of smartphone users

af

47 13

2008 2009 2010

et €D € €D

users

1 Based on penetration of users who browse social network sites. For consistency, we exclude Twitter-specific questions
(added to survey in 2009) and location-based mobile social networks (e.g., Foursquare, added to survey in 2010).
2 Frequent users defined as those that use social networking at least once a week.

SOURCE: McKinsey iConsumer Survey

B Frequent user?




Data available from “Internet of Things”

Data generated from the Internet of Things will grow exponentially
as the number of connected nodes increases

Estimated number of connected nodes Compound annual

growth rate 2010-15, %

Million
72-215 ©
I 514 Security 50+
10-30 Health care 50+
1—3  ~Energy 15
j|=28 > Industrials 5
6-23 Retail 30

Travel and logistics m

Utilities (45 ]

Automotive @

2010 2015

NOTE: Numbers may not sum due to rounding.
SOURCE: Analyst interviews, McKinsey Global Institute analysis



Big-data value chain

Blg data constituencies Individuals/organizations using data’ [l Providers of technology
Big data activity/value chain Indirect beneficiaries B Government regulators

Government requlators

Consume data and

Generate data Aggregate data Analyze data derive value

Individual data producers/ Individuals who aggregate Individuals who analyze Individual data users
sources data data

SMEZ? data producers/ SMEs? that aggregate data ~ SMEs? that analyze data SME? data users

sources

Large enterprise data Large enterprises that Large enterprises that Large enterprise data users
producers/sources aggregate data analyze data

Providers of technology to Third-party data Third-party analysis/service Indirect beneficiaries
E el E R Bl aggregators (e.g., price providers (e.g., price
hardware) comparisons, Mint, Sense comparisons, Mint, LBS, ad
Metwork) publishers, and
intermediaries)

Storage providers (including services)

Software/service providers in business intelligence, search

1 Individuals/organizations generating, aggregating, analyzing, or consuming data.
2 Small and medium-sized enterprises.

SOURCE: McKinsey Global Institute analysis



Gains from Big-Data per sector

‘es . M Cluster A [7] Cluster D
Some sectors are positioned for greater gains from

' Cluster B [l Cluster E
the use of big data E Clusterc M Cluster
Historical productivity growth in the United States, 2000-08 Hster

A O Bub t_)le si_zes denote
relative sizes of GDP

240

235
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22.5 4 Computer and electronic products @

7 . Information

2.0 |

35| Administration, support, and Wholesale trade

30 waste management Manufacturing

25 Transportation an sing

20

1.5

10 Utilities @

05 Retail trade
Government

O ®.  Govemment )

05 Accommodation and food _.'_ HE;EUF'EH resources

Arts and entertainment -
-1.0 ®

15 Management of companies
20

25
a0 Construction

35 O

Low * High
Big data value potential index’

3]

Finance and insurance

Professional services rental

are providers

Other services @  * Educational services

1 See appendix for detailed definitions and metrics used for value potential index.
SOURCE: US Bureau of Labor Statistics; McKinsey Global Institute analysis



Predicted lack of talent for Big-
Data related technologies

Demand for deep analytical talent in the United States could be
50 to 60 percent greater than its projected supply by 2018

Supply and demand of deep analytical talent by 2018
Thousand people

140-190 440430

180 30

50-60% gap

relative to
150 2018 supply
2008 Graduates Others? 2018 supply Talentgap 2018 projected
employment  with deep demand
analytical
talent

1 Other supply drivers include attrition (-), immigration (+), and reemploying previously unemployed deep analytical talent (+).
SOURCE: US Bureau of Labor Statistics; US Census; Dun & Bradstreet; company interviews; McKinsey Global Institute analysis



Tools



Tools typically used in
Big-Data scenarios

>

v

v

v

v

NoSQL

- DatabasesMongoDB, CouchDB, Cassandra, Redis, BigTable,
Hbase, Hypertable, Voldemort, Riak, ZooKeeper

MapReduce

- Hadoop, Hive, Pig, Cascadin?, Cascalog, mrjob, Caffeine,
S4, MapR, Acunu, Flume, Katka, Azkaban, Oozie,
Greenplum

Storage

- S3, Hadoop Distributed File System

Servers

- EC2, Google App Engine, Elastic, Beanstalk, Heroku
Processing

> R, Yahoo! Pipes, Mechanical Turk, Solr/Lucene,
ElasticSearch, Datameer, BigSheets, Tinkerpop



Techniques



When Big-Data is really a hard
problem?

» ...when the operations on data are complex:
> ...e.g. simple counting is not a complex problem

- Modeling and reasoning with data of different kinds
can get extremely complex

» Good news about big-data:

- Often, because of vast amount of data, modeling
techniques can get simpler (e.g. smart counting can
replace complex model based analytics)...

> ...as long as we deal with the scale



What matters when dealing with
data?

Additional Issues

» Research areas (such A
as IR, KDD, ML, NLP, Usage
SemWeb, ...) are sub- g
cubes within the data Quality
cube
Context
Dynamicity
Scalability
Collect = . >
Prepare N e < & N
_ [V & & S S £ Data
g aana E & & @é\ &7 Modalities
Model O ";f" < é‘o
Reason

Visualize

Data Operators



Applications



Recommendation



...an example: recommendation

@B

File Edit View History Bookmarks Tools Help
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£ Most Visited || Getting Started 5 Latest Headlines Readabhility m Like Button
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E] BP Reverts to Containing Oil Spill Aft... | -~

O Hfargcom

Symbol, She, News Search 6 N HERT

Try th w FX Options Board today

Introducing Fx Options

BP Reverts to Containing Oil Spill After Plugging
Effort Fails
share [ & B | Eman | Prnt | & A A

8y Jim Poizan and David Wethe

Mary 30 [Blcamberg) — BP Plc bagan autiining
725 [Dian T Comtain ol kaking fram s Guirar
Miexico ol wedl after the company and
RN covernment amclals sBandonad s thrse-day
=fart ta plug the haie.

Ina two-sten process, underwater rabats w
shaar syway sactians of damagad pips,
accanding toa BP Miustration pasted today an
the Splll command’s web site. That shoud

permit 37 to Install 2 “5nug seal”ba 2 new Hipe
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miect drilling mud and cament ta plug the Saw.

24 HOURS

T Saracact” for finkching tha first of twid rallaf walls it hac bagun drilling i sarty
ties said. Maantime, curbing the amount of oll spilied will reducs paliutian,
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Done

Bond Market as Kaisa Drops: Credit

m

» Good recommendations

can make a big
difference when keeping
a user on a web site

> ...the key is how rich
context model a system is
using to select information
for a user

- Bad recommendations <1%

users, good ones >5% users
click

Contextual
personalized

recommendations
generated in ~20ms




Each click on the web site is
enriched and indexed using:

v v Vv Vv

v v V9V Vv

Domain
Sub-domain

Page URL

URL sub-directories

Page Meta Tags
Page Title

Page Content
Named Entities

Has Query
Referrer Query

>

4

>

v

v v Vv VvV v

Referring Domain
Referring URL
Outgoing URL

GeolP Country
GeolP State
GeolP City

Absolute Date
Day of the Week
Day period
Hour of the day
User Agent

4
4
4
4
4
4
4
4

Zip Code
State
Income

Age

Gender
Country
Job Title
Job Industry



Application: Online Advertising for
NYTimes (microtrends detection

Trend Detection System
<
>

Log Files Stream
(~100M of clicks

page clicks
per day)

User
profiles

Stream of
profiles

Trends and
updated segments

Stock Stock Market, mortgage, banking,
Market investors, Wall Street, turmoil, New
York Stock Exchange .
Campaign
Health diabetes, heart disease, disease, heart, ”
illness to se
Green Hybrid cars, energy, power, model, Se9ments
Energy carbonated, fuel, bulbs,
Hybrid cars Hybrid cars, vehicles, model, engines,
diesel
Travel travel, wine, opening, tickets, hotel,

sites, cars, search, restaurant




Figures for one day of NYTimes

50Gb of uncompressed log files

10Gb of compressed log files

0.5Gb of processed log files

50-100M clicks

4-6M unique users

7000 unique pages with more then 100 hits
Index size 2Gb

Pre-processing & indexing time
> ~10min on workstation (4 cores & 32Gb)
> ~Thour on EC2 (2 cores & 16Gb)

<
4
<
<
4
<
<
4



Root-cause analysis



Applications: Telecommunication
Network Monitoring

Alarms Server

Telecom

Network Alarms
(~25 000 Explorer
devices) Server

» Alarms Explorer Server implements three
real-time scenarios on the alarms stream:

1. Root-Cause-Analysis - finding which device is
responsible for occasional “flood” of alarms

2. Short-Term Fault Prediction - predict which
device will fail in next 15mins

3. Long-Term Anomaly Detection - detect
unusual trends in the network

» ...system is used in British Telecom

Operator Big board display



Analysis of MSN-Messenger
Social-network

» Presented in “Planetary-Scale Views on a
arge Instant-Messaging Network” by Jure
 eskovec and Eric Horvitz WWW2008




Instant Messenger -
Phenomena at a planetary scale

» Observe social and communication
phenomena at a p/anetary scale

» Largest social network analyzed to date

Research questions:

» How does communication change with user
demographics (age, sex, language, country)?

» How does geography affect communication?

» What is the structure of the communication
network?

33



Data statistics: Total activity

» We collected the data for June 2006

» Log size:
150Gb/day (compressed)

» Total: T month of communication data:
4.5Tb of compressed data

» Activity over June 2006 (30 days)

> 245 million users logged in
- 180 million users engaged in conversations
- 17,5 million new accounts activated
> More than 30 billion conversations
> More than 255 billion exchanged messages

34



Who talks to whom:
Number of conversations

Venezuela

hile

!

rgentina

Can:

Australia

f ,f Portug Turkey Germal
Egy;}t” \ Netherlands
/ Braz :
_ Dominican Republic
Malaysia

Thailand

35



Who talks to whom:
Conversation duration

Yugoslavia .Croatia
Poland
anada
| Thailand
Italy P Nigeria Netherl
‘-Qameroon
’,Bosnia
Austria

36



Geography and communication

» Count the number of users logging in from
particular location on the earth

37
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Hops

1

Network: Small-world :
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» 6 degrees of separation [Milgram '60s] 20

» Average distance between two random users is 6.6,

» 90% of nodes can be reached in < 8 hops 23
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Web-of-Things



Literature on Big-Data

Understanding
Big Data

Big Data
Glossary

CPREILLY”

Analytics for Enterprise Class
Hadoop and Streaming Data

the
little
book
of

BIG DATA

2012 Edition

Noreen
Burlingame

The .".?'.'_'."F.'.'.'rl'.' o Crpeioie

OREILLY"  "WhsIoD] pREss

Mining of g
Massive Datasets SCALING UP

i il MACHINE
| EARNING
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