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Big Data 2014
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. " Structured information is
informaton the data in data-bases and
is about 10% of the story.

Big Data |s Only Getting Bigger

90% of the data in the world ; Irternational Data Corporation Eotcocast
today was created within the ; Growth in The Big Data
last two years. 5 Market
it vall likely reach "40,000 &l
exabytes or 40 trillion ki
gigabytes by 2020 ‘ l $16.9
! .
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e. KNO.Ee.SIS http:// hrboss.comhiringbosdarticles/big-data-infographic



MORE THAN
OF THE DATA PR
WILL LIVEINOR P
THROUGH O
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WHAT IS A ZETTABYTE? DATA PRODUCTION

1,000,000,000,000  gigabytes SRR L o e @‘ i WILL BE 44 TIMES GREATER

1,000,000,000 terabytes holds the 10 toncior. e IN 2020 THAN IT WAS IN 2009
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1,000,000 petabytes [ sl More than 70% of the digital universe is

210 single- o
o0 RPN sided DVDs. R\l oonerated by individuals. But onterprises have
: o responsibility for the storage, protection and

1 zettabyte management of 80% of it*
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Variety i not just structure but modality: multimodal, multisensory
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Current application examples$inancial services, stock brokerage, weather tracking, movies/entertainment and online6retail




Ever Increasing Connected Devices and People

About 2 billion of the 5+ billion have data connections "~ so they perform
'citizen sensingl.

And t here are more devices connected to the | nternetthan the entire  human
population . Popu‘,’:;’izg 6.3 Billion 6.8 Billion 7.2 Billion 7.6 Billion
°°’(‘;:,f::‘; sogmon 12.5 ;Ilion 25 ?on 50 20:\
connected | I
Connected devices
Devices 0,08 than 1.84 3.47 6.58
Per Person people

.
>

2003 2010 2015 2020

Source: Cisco IBSG, April 2011

These ~2 billion citizen sensors and 10 billion devices & objects connected to
the Internet
nakes thisan eraof  |oT (Internet of Things) and Internet of Everything ( loE).

7
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Internet of Things / Everything : Future Trends

 The next wave of dramatic I nternet growth wi
people, process, data, and things | the Internet of Everything ( IoE) . L
- CISCO IBSG,
2013
“Fixed” computing Mobility / BYOD Internet of Things  Internet of Everything
(yougoto (the device (age of devices) (people, process,
the device) goes with you) data, things)
50B

1995 2000 2013 2020

Source: Cisco IBSG, 2013

Beyond the |oE based infrastructure, it is the possibility of developing applications
that spans

Physical , Cyber and the Social Worlds that is very exciting. g

e‘:“ h’\ No.e.sSis http://www.cisco.com/web/about/acz9/docs/innov/IoE_Economy.pdf
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What has not changed?

We are still working on the simpler representations of the
real - world!

problem solve @

represent interpret _informal

. compute
representation output

formal

> == Alternate pm
s B Route g
4B WHEN ARROW ON

Tinterpret reakworld

simplified representation

compute

http://artint.info/ntml/Artint__8.html
http://en.wikipedia.org/wiki/Traffic_congestion
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What should change?

People interpreting a
realworld event

realworld

jrepresent Tinterpret

l ‘ richer representation

Richer representation of  compute

. , 5 Effective solutions
traffic observations

We need computational paradigms to tap into
the rich pulse of the human populace, and
utilize diverse data

Represent, capture, and compute with richer and
fine - grained representations of real -world
problems

11



Physical-Cyber-Social Computing for Actionable Insights from Multimodal Data

Reduce a lholistic treatment of data
CO level = information, and knowledge

better from the PCS world®

a Asthma integrate, correlate interpret,
control and providecontextually

Vertical Operators

(Semantic abstraction) operates on
Artifacts at each level and
transcends them to the

relevant abstractions

to humans£?!
High CO influences

Wheezing Level (Low/High

next level.
High CO High Luminosity
>
' Low Luminosit
Horlzontgl Operatqrs High Wheeze y
(Semantic Integration) operates
on data from heterogeneous Low Wheeze

sources to create
Integrated/correlated

data streams. Carbon Monoxide

Wheeze
Luminosity
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| will use applications in 3 domains to demonstrate

A Healthcare:
ADFHAsthma,
Gl,Demintia

I UsingkHealthsystem

, v.ulllg VVI[rIS \

& KNOo.e.sIS
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The Patient of the Future

Measured " =

I'll‘ll(!i\\; \ )

The Perfect
Malware

MIT Technology Review, 2012

e‘”‘ KNO.E.SIS http:// www.technologyreview.com/ featuredstory/ 426968/the -patient -of-the-future/
— IS .OI1O
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Asthma: A Multi -faceted and Symptomatically Variable Health Challenge

Personal level il il
Signals gt | /2 Population level
| g T Signals

kHealth

G X airdibERStBat adult patients and caregiverspediatric patients
report variability in asthmasymptoms2 @S NJ 0 A YSZ S@Sy gKSyYy FTAUGKYIl YS

— ~__ Marcus Philip, Kevin R. MurphpidRahmaix Y R/ KN& & (i antdip&iektsgmptorh Q. NA Sy @ BS
6? Fl 10L& S5 1 55 variabilityin adults and children with asthma: Results of a survey." Advances in th22apg.5 (2005: 488-497.



Asthma: Actionable Information

Far better an approximate answer to the right question, which is often vague, than the exact answer 1

wrong question, which can always be made precise.
--JohnTukey Ann Math. Stat.33 (196

How is my Asthma control?
Should | take additional medication today?

How can | reduce my asthma attacks at h@me

16
& KNO.e.sIS



Asthma: Challenges in Heterogeneity, Variability, and Personalization

Contextual Personalized Actionable

/ 87 6 54
=

\

=

Personal level Public level
Signals Signals

Population level
Signals

http://www.tuberktoraks.org/managete/fu_folder2011-03/html/ 2011-3-291-311html
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My 2004 -2005 formulation of SMART DATA - Semagix

Formulationof Smart Data
strategy providing service
for Search, Exploré\otify.

nNUse of Ont
Data repositories to gain
rel evant |

& KNO.e.sIS

A——
SMART y
Freedom
— § SMART \
[ Hm:__..-_' i
EX F— - \ E
= A o | = | — =
= : . " J._lfw_ i :I .F-_. 2 . :Im"_ =
: ;: "l ’eS*--—j:a-—’l'{’.'d H ﬁ pr— y
i - SMART ] =
E P - ’ F
A — &
i ¢ A -k
Mose | iegwe | B
Source: Semagix
Semagqix's Freedom includes a repository for data and ontologies, a
processing engine and presentation services.
18



Smart Data (2014 retake )

/ Smart datamakes sense out dbig

actionableinformation and improved
\ making.

data "\

It provides value from harnessing the
challenges posed by volume, velocity, variet
and veracity of big datan-turn providing

ecision

v

Yy



Another perspective on Smart Data

/ OFhuman, BY humanA FOFhuman \

Smart data is about extracting value by
Improving human involvement in data creatio
processing and consumption.

It is about (improving)

computing for human experience

A /




@F human 0 Relevant Reattime Data Streams for Human Experience

Petabytes of Physical(sensofyyberSocial Data everyday! 21
6_ KNO.E.SIS More on PCS Computiniaitp://wiki.knoesis.org/index.phpPCS
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@Y human 6 Involving Crowd Intelligence in data processing

Use of Prior Human -created Knowledge Models

WIKIDIA

The Free Encyclopedia

m. ummm,__ =1 '
n”ié%%cnuwnmmﬁ:a%ﬁ&? V24

ﬂm DSOURCING

"Ssmﬁﬁ,‘-?.' 1]/, CROWDSOURCED
o, T

Crowdsourcing and Domain -expert guided
Machine Learning Modeling 22

€& KNO.Ee.SIS



#ORhuman 6 : | mproving Human Expe:

Asthma Healthcare
Application

Action in the Physical WorIdJ
COin gush
during day ti

Personal

Public Health o Ieve F P

Population LeveI LU mi no§|ty

€& KNO.E.SIS



ORhuman 6 : | mpr ovi

Power Wonitoring:/Application

Personal Level Observations %
== oo |
- 314 W, ===

= \ |

‘(

Electricity usage over a day, device at

work, power consumption, cost/kWh,
heat index, relative humidity, and public
events from social stream

nnnnnnnnnnnnn

nNg Human

Action iinitherPhysical/World

) ] j
<4
& |
Washinganddrying has

resulted insignificant cost
since it was done durirgeak
load periodConsider
changing this time taight

24
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Big Data Is pervasive -
It is Smart Data that matter!

25



Primary challenge is to bridge the gap between data
and actions

KNOWLED

for interpretation of
observation

ACTION:S

situation awareness useful
for decision making

N

Contextualization
Personalization

DATA

Observations from
machine and
social sensors

26



In the process, engaging both top and bottom brain

G G #oSpartof the brain is involved iretting up planscontrolling movementsregistering
changesn whereobjectsare located in spaceandrevising plansvhen anticipated events
do not occub €

dbottom is involved irclassifyin@ndinterpretingwhat we perceive, and allows us to
confermeaning on the world ¢

SECOND EDITION

R R e e R Ll =t e el
b e b T AR L wa s ) g e S

G ¢ RIory of CognitivBlodes emphasizes theonstantand
closeinteractionof the top andbottom systems. ThelR 2 y Q (i
isolationt or in competitiont but seamlessly togethdré

(SN

BRAIN

Harm e the Posve of thy
Four Cogsntrre Modes

BOTTOM
BRAIN

*http ://brainblogger.com2013 12/ 19/top -brain-bottom-brain-part-3-the-theory-of-cognitivemodes
by G. Wayne Miller and Stephen KosslynPhD | Decembet9, 2013

<KNO stephin \}.«Ncmlyn, PILY, 4o G Wapne Midler
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Can we take 1 ns phearyafCogoitive Moded mt @ hee ve |
computational model?

T- Top brain, BBottom brain
T&B B T

Perceiver Simulator Adaptor

our baby step toward
a computational model for perception
(Machine Perception)

http://online.stanford.edu/pgmfal2

& KNOo.e.sIS
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Toward a symbiotic partnership between machines and people

Al Ambient Intelligence HCI CHE

< W D At

Human Centric

D.
J. M. J C. R.
McCarthy Weiser i f/bar Licklider

htttp :// j.mp/k-che

http:// knoesis.orgindex.phg Computing_For_Human_Experience
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How are machines supposed to integrate and interpret sensor data?

St

RDF | OWL |

. WSP Semantic Sensor Networks (SSN)

30
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W3C Semantic Sensor Network Ontology

) elat i L observes produces : .
Particular Stimulus =———— Sensor Observation
. =3 _ Time
[ Location
| ‘W— lb] Symbol (Distance)
\ /

Lefort, L., Henson, C., Taylor, KBarnaghj P., Compton, M.Corchq O., GarciaCastro, R.Graybeal J., Herzog, A.JanowiczK.,

e:— NethausH. iNikolov,A., and Page, K.: Semantic Sensor Network XG Final Rep@€, Wcubator Group Repor2Q11). 31



W3C Semantic Sensor Network Ontology

fw

oo’

Deployment T e ~ . deploymentProcesPart only System OperatingRestriction
< b hasSubsystem only, some  hasSurvivalRange only
’ P e - i i
[ DeploymentRelatedProcess ]4’ & . T ’[ SuniialRange } )
hasDeployment only L TS T - 1
L e--=-==-i—o===# System F---====ZZ____ e s ’[0 — ]_ 4
_____________ e , B peratingRange [ -
Deployment deployedSystem only Wi 4 hasOperatingRange only : :
/’ 1!
| deployedOnPlatform only " | Process ::
1 1 1!
| inDeployment only ; Device - I_'la‘slnput only \ ;
t = - ] e 1!
PlatformSite y . ~onPlatform only Device | P | Process l ) :
iz A i 1!
Platform [4- attachedSystem only Output hasOutput only, some : :
I 1
|
Data Skeleton : 1
|mplements some "
____________ - ] 1
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Sensing | I
hasValue some_ _ _> =~ “sensingMethodUsed only ¥
- kd A 1
-7 ' !
| 4 s observes only i
1
[ ObservationValue ] N ::
TTTT-----rss-s=--Z=9 Property 1
- - .
- . 1
"\ /includesEvent some i Lk :ol;servedPrOPerty only .’ P 1 ‘sPrper i gome | |
observationResult onlyY T i !
Yy observedBy only _ 4_,;: =227 :J "rhasProperty only, some : :
- zZezl-" 1
; sunMEEITSE T - e m e e e S —— :
it featureOfinterest only .,r >[ FeatureOfinterest ] : :
7 11
L : £, |
MeasuringCapability i i Consr;airﬂBfock : :
hasMeasurementCapability onlyvr forProperty only ‘i* e 5 _ N : |
— _ _--"71IinCondition only — inCondition only )
[ MeasurementCapability [=====---- G- mmm-- Condition [#=--=-=-=-=====-4-=---~- !
d
Lefort, L., Henson, C., Taylor, KBarnaghj P., Compton, M.Corchq O., GarciaCastro, R.Graybeal J., Herzog, A.JanowiczK., 30

NeuhausH. fNikolov,-A., and Page, K.: Semantic Sensor Network XG Final Rep@€, Wcubator Group Repor2(11).



Levels of Abstraction

Elevated
Blood
Pressure

Systolic blood pressure 0f150 mmHg

& KNO.e.sIS

Interpreted data
(abductive)

[in OWL ]

e.g., diagnosis

Interpreted data
(deductive)

[in OWL ]

e.g., threshold

Annotated Data
[in RDF]
e.g., label

Raw Data
[in TEXT ]
e.g., number

I

Intellego

SSN
Ontology

33



What if we could automate this interpretation of Data ?

& KNOo.e.sIS

Terabytes per Month

600,000

508 PB
per Month

300,000
per Month
o i

201 2012 2013 2014 2015 2016

Source: Cisco VNI Mobile, 2012

X |y ReffiRientlyand atscaIeJ
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Making sense of sensor data with

intellegl

“to perceive”

Henson et aAn Ontological Approach to Focusing Attention and Enhancing Machine Perception WethéppliedOnt, 2011
35
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People are good at making sense of sensory J

input

What can we learn from cognitive models of
perception?

The key ingredient is prior knowledge
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Perception Cycle*

Convert large number of observations to semantic
abstractions that provide insights and translate into
decisions

Translating low - level Explana’[ion
signals into high  -level
knowledge

Observe
Property

Focusing attention on those
aspects of the environment

‘ Prior Knowledge E

Discrimination that provide useful

information
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http://www.google.com/imgres?imgurl=http://c2.api.ning.com/files/-gO6ebjV*05Uzl2rtNN0bbSUxR*yYyrHyjwiVdUK3q-4BgU9*cxkO-Ty8urRxFpWjE7LC5BlELmnMkHDLxuum62NpiCm2xYh/APPLE.jpg&imgrefurl=http://nerdfighters.ning.com/profile/mattdenaro&usg=__mpVu0j4ae691D_sXrZpBIDR79Z4=&h=348&w=345&sz=11&hl=en&start=3&um=1&itbs=1&tbnid=ZNd25DpnMp8byM:&tbnh=120&tbnw=119&prev=/images?q=apple&um=1&hl=en&rls=com.microsoft:*&tbs=isch:1

To enable machine J

perception

Semantic Web technology is used to
integrate

W3C SSN XP)102011 SSN Ontology 38
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http://knoesis.org/library/resource.php?id=1659
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://www.w3.org/2005/Incubator/ssn/XGR-ssn-20110628/
http://knoesis.org/library/resource.php?id=1659

VBC Semantic Sensor
Network (SSN) Ontology Bi- partite Graph
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