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Jim Gray Vision in 2007

“We have to do better at producing tools to support the whole research cycle—
from data capture and data curation to data analysis and data visualization. Today, the
tools for capturing data both at the mega-scale and at the milli-scale are just dreadful.
After you have captured the data, you need to curate it before you can start doing

any kind of data analysis, and we lack good tools for both data curation and data
analysis.”

“Then comes the publication of the results of your research, and the published
iterature is just the tip of the data iceberg. By this | mean that people collect a lot of
data and then reduce this down to some number of column inches in Science or
Nature—or 10 pages If it is a computer science person writing. So what | mean by
data iceberg is that there is a lot of data that is collected but not curated or published
in any systematic way."
Based on the transcript of a talk given by Jim Gray
to the NRC-CSTBI in Mountain View, CA, on January | |, 2007



Data keep on growing

Google processes 20 PB a day (2008)

Wayback Machine has 3 PB + [00 TB/month (3/2009)
Facebook has 2.5 PB of user data + |5 TB/day (4/2009)
eBay has 6.5 PB of user data + 50 TB/day (5/2009)

CERN's Large Hydron Collider (LHC) generates |5 PB a
year
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Data is Big If It is Measured in MW

A good sweet spot for a data centeris |5 MW

-acebook’s leased data centers are typically

between 2.5 MW and 6.0 MW.

Facebook’s Pineville data center is 30 MW

Google’s computing infrastructure uses 260 MW

Robert Grossman, Collin BenneC University of Chicago Open Data Group



Big data was big news in 2012

* and probably in 2013 too.

e [he Harvard Business Review talks about it as
“The Management Revolution”.

* The Wall Street Journal =

"Meet the New Big Data’,
“Big Data is on the Rise,
Bringing Big Questions”.

Data storage has grown significantly, shifting markedly from analog to
digital after 2000
Global installed, optimally compressed, storage
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BigData is the new hype

Figure 1. Hype Cycle for Emerging Technologies, 2015
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Where Big Data Comes From!

* Big Data is not Specific application
pe, but rather a trend —or even
a collection of Trends- napping
multiple application types

* Data growing in multiple ways
More data (volume of data )
More Type of data (variety of data)

Faster Ingest of data (velocity of
data)

More Accessibility of data (internet,
instruments , ...)

organization ability to make
intelligent decision based on it

Data Growth and availability exceeds

Discrete manufacturing®
Government

Communications and media
Process manufacturing®

Banking

Health care providers?

Securities and investment services
Professional services

Retail

Education

Insurance

Transportation

Wholesale

Utilities

Resource industries

Consumer & recreational services
Construction

Stored data in the
United States, 2009’
Petabytes
966
848
715
694
619
434
429
411
364
269
243
21
202
194
116
106
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1 Storage data by sector derived from IDC.

Data at Rest

Terabytes to
exabytes of existing
data to process

Data in Motion

Streaming data,
milliseconds to
seconds to respond

Number of firms with
>1,000 employees?
1,000
647
399
835
321
1,172
M
1,478
522
843
280
283
376
129
140

Data in Many
Forms
Structured,

unstructured, text,
multimedia

Storea aata per nirm
(>1,000 employees), 2009
Terabytes
9672
1312
1,792
8312
1,931
370
3,866
278
697
319
870
801
536
1,507
825
150
231

Data in Doubt

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

Addison Snell CEO. Intersect360, Research



How to deal with Big Data
Advice From Jim Gray

|, Analysing Big data requires scale-out solutions not
scale-up solutions

2. Move the analysis to the data.

3. Work with scientists to find the most common “20
queries’ and make them fast.

4. Go from “working to working.”’

- SUE-8

Scale out

Scale up

Source: Robert Grossman, Collin Bennec University of Chicago Open Data Group
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How do We Define Big Data

* Big in Big Data refers to:
— Big size is the primary definition.

— Big complexity rather than big
volume. it can be small and not all
large datasets are big data

— size matters... but so does
accessibllity, interoperability and
reusability.

* define Big Data using 3 Vs; namely:

— volume, variety, velocity

Big Data - Back t@gemine

* Batch

* Near time
* Real time
* Streams

* Terabytes

* Records

* Transactions
* Tables, files

* Structured

* Unstructured

* Semistructured
* All the above
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volume, variety, and velocity

* Aggregation that used to be measured
in petabytes (PB) is now referenced by
a term: zettabytes (ZB).
— A zettabyte is a trillion gigabytes (GB)
— or a blillion terabytes

* Terabytes
* Records
* Transactions

e In 2010, we crossed the | ZB marker; - s, fes
and at the end of 201 | that number
was estimated to be |.87B

* Batch * Structured

* Near time * Unstructured

* Real time * Semistructured
* Streams * All the above



volume, variety, and velocity

* The variety characteristic of Big

Data is really about trying to

capture all of the data that pertains

to our decision-making process.

* Making sense out of unstructured
data, such as opinion, or analysing

Images.

* Batch

* Near time
* Real time
* Streams

* Terabytes

* Records

* Transactions
* Tables, files

* Structured

* Unstructured

* Semistructured
* All the above



volume, variety, and velocity
(Type of Data)

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

The type of data generated and stored varies by sector’

Video Image Audio
Banking
Insurance
Securities and investment services
Discrete manufacturing
Process manufacturing
Retalil
Wholesale

Professional services

Consumer and recreational services
Health care

Transportation

Communications and media?

3
c
3
o
@
=
[

Utilities
Construction
Resource industries

Govemment
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



volume, variety velocity

* velocity Is the rate at which
data arrives at the enterprise
and is processed or well

understood
* In other terms “How long does %bﬁt
it take you to do something e

about 1t or know 1t has even
arrlved?’ ! * Batch » Structured

* Near time * Unstructured
* Real time * Semistructured
* Streams * All the above



volume, variety

&) .. generate lots of data ...

The accelerator generates 40 million
particle collisions (events) every
second at the centre of each of the
four experiments’ detectors

velocity

2,030,156 18,151 1,411,052 3,390
ke Button_ 0.89% Uikes ony mpressions, 0.24% Referrals frgm
/\
- /\/ \/\\ P
\’\/ N N
0.89% Like Button CTR See Denails 0.24% Like Story CTR See Denails

Today, it is possible using real-time analytics to

optimize |Like w” buttons across both website

and on Facebook.

FaceBook use anonymised data to show the

number of times people:

saw Like buttons,

* clicked Like buttons,

* saw Like stories on Facebook,

* and clicked Like stories to visit a given
website.



volume, variety, velocity veracity

* Veracity refers to the quality or trustworthiness of
the data.

* A common complication is that the data s
saturated with both useful signals and lots of noise
(data that can't be trusted)

Data AVAILABLE to
an organization

LHC ATLAS detector generates about | Petabyte raw data per
second, during the collision time (about | ms) ool

Data an organization
can PROCESS



Big Data platform must include the six
key imperatives

Big Data Platform Imperatives Technology Capability

Discover, explore, and - Federated Discovery, Search, and
navigate Big Data sources | Navigation

Extreme performance-run - ~ Massively Parallel Processing
!‘ '

analytics closer to data __' Analytic appliances

Manage and analyze Hadoop File System /MapReduce
unstructured data Text Analytics

Analyze data in motion ._ 'A . % Stream Computing

Rich library of analytical /-’Q)- In-Database Analytics Libraries

ONCONONCNONC

functions and tools . Big Data Visualization
Integrate and govern Integration, Data Quality, Security,
all data sources Lifecycle Management, MDM, etc

The Big Data platform manifesto: imperatives and underlying technologies
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Data Analytics

Analytics Characteristics are not new

* Value: produced when the analytics output Is put into
action

* Veracity: measure of accuracy and timeliness
Quality:

— well-formed data

— Missing values
— cleanliness

* Latency: time between measurement and availability
* Data types have differing pre-analytics needs



The Real Time Boom..

Facebook Real Time
Social Analytics

Twitter paid tweet analytics

" Click To
\' Follow Us‘J

i

21

SaaS Real Time
User Tracking

Customer
Customer Support Segmentation

DO €@

Feature Usage

New Real Time
Analytics Startups..

tctango

® Copyright 2011 Gigaspaces Ltd. All Rights
Reserved

Google Real Time
Web Analytics

Google Real Time Search




Example of Analytics
(from Analytics @ Twitter )

* Counting
— How many request/day?
— What's the average latency?
— How many signups, sms, tweets!?

Real time (msec/sec)

* Correlating
— Desktop vs Mobile user?

— What devices fail at the same time? Near real time(Min/Hours)

— What features get user hooked?

* Researching
— What features get re-tweeted Batch (Days )

— Duplicate detection
— Sentiment analysis

® Copyright 2011 Gigaspaces Ltd. All Rights
Reserved



Skills required for

Store and process
— Large scale databases
—  Software Engineering

—  System/network Engineering

Analyse and model

—  Reasoning

Knowledge Representation

— Multimedia Retrieval

Modelling and Simulation

Machine Learning

— Information Retrieval

Understand and design
—  Decision theory
—  Visual analytics

—  Perception Cognition

Big Data Analytics
(A.K.A Data Science)

RESEARCH

DOMAIN
EXPERTISE

STATISTICS
DATA MINING

DATA
. SCIENCE

PROGRAMMING
SKILLS

Business
Expertise

Nancy Grady, PhD, SAIC Co-Chair Definitions and Taxonomy Subgroup NIST Big Data Working

Group



