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Memory unit Size | Binary size
kilobyte (KB/KB) | 10 AL
megabyte (MB) | 108 | 220
gigabyte (GB) 10° 230

terabyte (TB) T e
petabyte (PB) 107° 230
exabyte (EB) oL e
zettabyte (ZB) | 104! 910
yottabyte (YB) | 1024 | 280

dekabytes hectobytes
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guardian TheObserver

We're all being mined for data — but
H ype who are the real winners?

A year on from the Snowden/NSA revelations, John Naughton
examines whether big data — the masses of online information
or bad

"m' Big Data is Transformative ~
5' Where is Your Company?
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The Data Deluge

® From the beginning of recorded time until
2003, mankind generated 5 exabytes of data

® |n 2011, the same amount of data was
generated every two days

® |n 2013, the same amount of data was
generated every |0 minutes
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Big Data - a Possible
Definition

® Refers to datasets whose size is beyond the ability

of
® Single storage devices

® TJypical database software tools to capture, store,
manage, and analyze (McKinsey Global Institute)

® This definition is not defined in terms of data size
(which will increase)

® |t can vary by sector/usage
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- S0 no cool Big Data apps for Mac or iOS - yet







Where is Big Data
Coming From!

EVERYWHERE!

Any communication over a network
involves transfer of data that is meaningful
to someone

Every e-mail, every tweet, every transaction,
every social media interaction, etc.,etc.

Sensors - “The Internet of Things”
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GO Ugle“ JPMorganChase L)

processes 20 PB a day (2008) 150 PB on 50k+ servers
crawls 20B web pages a day (2012) running |5k apps (6/2011)

\ >0 PB data, 75B DB
calls per day (6/2012) pa— Wayback Machine: 240B web
pages archived, 5 PB (1/2013)
>100 PB of user data +

500 TB/day (8/2012) facebook

LHC:~I15 PB a year

CERN

S3:449B objects, peak 290k \
z ) P ==
amazon 2 .

web services™ request/second (7/2011) /S

| T objects (6/2012)

- ; B LSST:6-10 PB a year
N SR 640K ought to be (~2015)
p v}‘g enough for anybody.
‘ . SKA: 0.3 - 1.5 EB

o —
T —
~—

S per year (~2020)

2 <4~ How much data?




The Cloud/IOT/WOT is/
will be a very “noisy” place

An unbelievable of objects (theoretically
more than 10e38) will be able to talk to us
and to each other (orders of magnitude
more than now)

Ve will be interested in hearing what
of them have to say

How can we manage these conversations!

Traditional interfaces break down
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Why big data? Science
Engineering
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Data volume

A

M SRS AR

1990 2000 2010 2020

Gartner: User Survey Analysis: Key Trends Shaping the Future of Data Center Infrastructure Through 2011
IDC: Worldwide Business Analytics Software 2012-2016 Forecast and 2011 Vendor Shares

s (Generated data

s Available for analysis
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VERACITY

UNCERTAINTY OF
DATA

VOLUME

DATA SIZE

“High-volume, -velocity, and -variety information assets
that demand cost-effective innovative forms of information
processing for enhanced insight and decision making”
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® Volume!

® ~ data volume worldwide in 2013 = 3.5 ZB
(including 400 billion feature length HD movies)

® Velocity?

® Every 60 sec. on Facebook - 510K posted
- comments; 293K status _u_pdates 136K uploaded




® Variety!?

® Any type of data both meaningful and
meaningless

o Veracity?




Plus:
N
Utilities
Academic institutions
Everyone
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What/How Does Target Know
About Pregnant VWomen!




Challenges of Harnessing
Big Data

® Datamining huge datasets
® Shortages of Big Data experts
® Privacy, legal, and social issues

® Strategies for acquiring Big Data - a new
form of currency
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Big Data Analytics and

Data Science




ata Science Skill Set

Machine
Learning

Hacking
Skills

Dangey zone!
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DATA SCIENCE
WORKFLOW

Many Python libraries and specialized
tools like OpenRefine and Wrangler
aim to lower costs of data cleanup,
which can claim up to 80% of
development time.

. Novel tools such as NeSQL and 14
. MapReduce are bolstered by Analysis often involves
. growth of global data, expectedto 3 revisifing raw data

| reach 40 zettabytes by 2020.

Data scientists who use open-source
tools such as statistical packages in R
and Python report higher salaries than §

/@ Visualization ! those who use commercial software.  §

Flexible visualization tools such as
D3.js and Processing extract insight
from data and easily integrate with
existing frameworks.

' Collaborative services such as GitHub §
| and Bitbucket simplify sharing code  §
§ and distributing results, which in turn §
! increases reproducibility. '




: il = Lh N
l-l-ﬂ WIET ™

Pu— v el s —*—"-“3-.:-: i -
- .—.n‘- i —-zf—...—‘ i S ———— __,_wt‘w- e e
S N T s -—’#’ﬂ‘@.-- T R - o ——— =

- —-—--w-f“- - < ime—
| ———— i e i3 s ommso

- / — . 3 “. _

w%;f-»ww-ﬂ =1

JL‘:’"" ! LI

¢

%
L

*
SAAN
"y

~
-
v

4&‘- o
Tott

Vi
st 7
FAS

Pt estrarett

L SN R

-

ittt

o
% 5
Z
i!é
:

NYITTTTTRTES



Typical Big Data Problem

® |terate over a large number of records

® Extract something of interest from each

® Shuffle and sort immediate results
® Aggregate immediate results

® Generate final output
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Big Data

REDUCE
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MapReduce Can Refer
to...

® [he programming model

~




MapReduce
Implementations

® Google has a proprietary implementation in C++
® Bindings in Java, Python
® Hadoop is an open-source implementation in Java
® Development led by Yahoo!, now an Apache project

® Used in production at Yahoo!, Facebook, Twitter,
LinkedIn, Netflix, etc.

® The de facto Big Data processing platform

® | ots of custom research implementations
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Example - “Sentiment
Analysis”

® (Goal - gauging mood on social network
data

® Not a traditional survey or focus group
® Social sites operate 24/7
® Timeliness - not subject to time lags

® Useful to marketers, IT, customers, etc.
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Difficult Comment
Analysis (1/2)

False negatives - “crying” & “crap” (negative) vs.
“crying with joy” & “holy crap!” (positive)

Relative sentiment - | bought a Honda Accord” -
great for Honda, bad for Toyota

Compound sentiment - “| love the phone but hate
the network”™

Conditional sentiment - “If someone doesn’t call

me back, I’'m never doing business with them
again!”
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Difficult Comment
Analysis Problems (2/2)

® Scoring sentiment - | like it” vs.”| really like it” vs.
“I love it”

® Sentiment modifiers - “l bought an iPhone
today :-)” “Gotta love the telephone company ;-<*

® |nternational/cultural sentiments
® Japanese - unique emoticons for crying - (;_;)
® |talians - effusive, grandiose

® British - drier, less effusive
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Linked Data

Provides access to the semantics of data
items

Based upon Semantic VWeb technologies and
ontologies

Designed for machines first and humans later
Degree of structure in descriptions of things

is high
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Big Data tends to be unstructured data (e.g,,
lists, e-mails, tweets, etc.)

Therefore it tends to be “thin” rather than
“thick”

“Thin” means very little (if any) context -
Suppose | send some e-mail stating “My
favorite book is The Dharma Bums”

What can be added to this data to change it
from “thin” to “thick?”
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a:title

The Dharma Bums
http:/...isbn/0140042520 >
1958 a.year

New York : a:author

Penguin Books

Kerouac, Jack
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Linked Data is similar to
Metadata but provides Context
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Linked Data Pros

Far more “parseable” and “machine
processable” than raw unstructured data

Enhances data descriptions for complex
analyses

Can contribute to the VERACITY of our data

Wide variety of discipline/data ontologies
available
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Linked Data Cons

® Much harder to do than adding keyword
metadata

ations
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Linked Open Data

LOD refers to data stores of Linked Data that are
published (made available online and accessed via URLs)
and free to use

Open data means it must be available to all without
copyright or ownership

There is an increasing trend towards “opening”
government data (US and UK, San Francisco and more)
and scientific results

Provides unprecedented ability to build “mashup”
applications
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EERY v Focus

| PUBLISHING

US science to be open to all

Government mandates that taxpayer - funded research be freely available within 12 months.

BY RICHARD VAN NOORDEN

he rumours have been buzzing around
Capitol Hill since before last year’s elec-

tion, and last week, supporters of open-

access publication in the United States got most
of what they wanted. The White House declared
that government-funded research would
be made free for all to read, rather than kept
behind paywalls. However, those hoping that
the government would require papers to be free
from the time of publication were disappointed.
In a 22 February memo, John Holdren, direc-
tor of the White House’s Office of Science and
Technology Policy (OSTP), gave federal agen-
cies until 22 August to produce plans for making
the data and papers from the research they fund
more accessible to the public. The move, he says,
would “accelerate scientific breakthroughs and
innovation” and boost economic growth. Agen-
cies should aim to make research papers free by
12 months after publication — a concession to

INTO THE OPEN

Publishers are making an increasing proportion

of papers free to the public on their websites.

B [mmediately open access

» Open after a delay, or published in hybrid journals*

Percentage of all papers’

2008 2009 2010 2011

*Hhteid journss: subscrighion jouraals el puliish some anticles apen
access. "Nl papers Indexed 0 Elsevier’s Scopus database

publishers, who say that a year’s delay is needed

to maintain their revenue from subscriptions.
The policy applies to an estimated 19 federal

agencies, which each spend more than

MacMania |17, Somewhere@Sea, June 2014

US$100 million on research and development.
It would roughly double the number of arti-
cles made publicly available each year to about
180,000, according to the Scholarly Publishing
and Academic Resources Coalition, an open-
access advocacy group in Washington DC,
which called the memo a “landmark”. Until
now, only the US National Institutes of Health
(NIH) has required its research to be publicly
available after 12 months.

The latest move is a response to the
2011 reauthorization of the 2007 America
COMPETES Act, which included billions of
dollars for science, and also charged the OSTP
with improving public access to research
(see ‘Into the open’). Another spur came in May
2012, when thousands petitioned the White
House to require free access to journal articles
arising from US taxpayer-funded research.
Agencies such as the National Science Founda-
tion and the Department of Energy have been
laying the groundwork with publishers for the

SOURCE: M. LAAKSO & B.-C. RIORK BMC MED, 10, 124 (2012)
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But we are here to
discuss Mac and iOS

® | believe that there is great future potential for
powerful and creative Mac and iOS apps that
leverage

® Big Data analytics results
® |linked Data and LOD data stores

® Great possibilities in E-Commerce, Education,
Productivity, Social Interaction, etc., etc.

® The people in this room can help define, drive and
evangelize these concepts!
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Thank You!
Questions! Comments!?

bebo@slac.stanford.edu
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