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Only 0.5% to 1% of 

the data is used for 

analysis. 

4 http://www.csc.com/insights/flxwd/78931-big_data_growth_just_beginning_to_explode 
http://www.guardian.co.uk/news/datablog/2012/dec/19/big-data-study-digital-universe-global-volume 
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 Variety ï not just structure but modality: multimodal, multisensory  

Semi structured 
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 Velocity 

Fast Data 

Rapid Changes 

Real-Time/Stream Analysis  

Current application  examples:  financial services, stock brokerage, weather tracking, movies/entertainment and online retail 6 
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About 2 billion of the 5+ billion have data connections ͠ so they perform 
ľcitizen sensingĿ. 
And t here are more devices connected to the I nternet than the entire human 
population .  

These ~2 billion citizen sensors and 10 billion devices & objects connected to 
the Internet  
makes this an era of IoT (Internet of Things) and Internet of Everything ( IoE).  

http://www.cisco.com/web/about/ac79/docs/innov/IoT_IBSG_0411FINAL.pdf  

 Ever Increasing Connected Devices and People  

http://www.cisco.com/web/about/ac79/docs/innov/IoT_IBSG_0411FINAL.pdf
http://www.cisco.com/web/about/ac79/docs/innov/IoT_IBSG_0411FINAL.pdf
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http://www.cisco.com/web/about/ac79/docs/innov/IoT_IBSG_0411FINAL.pdf
http://www.cisco.com/web/about/ac79/docs/innov/IoT_IBSG_0411FINAL.pdf
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ľThe next wave of dramatic Internet growth will come through the confluence of 
people, process, data, and things ĺ the Internet of Everything ( IoE).Ŀ 
                  -  CISCO IBSG, 
2013 

http://www.cisco.com/web/about/ac79/docs/innov/IoE_Economy.pdf  

Beyond the IoE based infrastructure, it is the possibility of developing applications 
that spans  
Physical , Cyber and the Social Worlds that is very exciting.  

 Internet of Things / Everything : Future Trends  

http://www.cisco.com/web/about/ac79/docs/innov/IoE_Economy.pdf
http://www.cisco.com/web/about/ac79/docs/innov/IoE_Economy.pdf
http://www.cisco.com/web/about/ac79/docs/innov/IoE_Economy.pdf
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We are still working on the simpler representations of the 
real - world!  

 What has not  changed? 

http://artint.info/html/ArtInt_ 8.html  
http://en.wikipedia.org/wiki/Traffic_congestion  

solve 

represent  interpret real-world 

simplified representation 

compute 

http://artint.info/html/ArtInt_8.html
http://artint.info/html/ArtInt_8.html
http://artint.info/html/ArtInt_8.html
http://artint.info/html/ArtInt_8.html
http://en.wikipedia.org/wiki/Traffic_congestion
http://en.wikipedia.org/wiki/Traffic_congestion
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 What should change? 

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  

solve 

represent  interpret real-world 

richer representation 

compute 

+ 

Richer representation of  
traffic observations 

Effective solutions 

People interpreting a  
real-world event 



High CO 

High Wheeze 

Reduced  
CO level => 

better 
Asthma 
control 

Horizontal Operators 
(Semantic Integration) operates  
on data from heterogeneous  
sources to create  
Integrated/correlated  
data streams.  

Vertical Operators 
(Semantic abstraction) operates on 
Artifacts at each level and 
 transcends them to the  
next level. 

Carbon Monoxide 

High Luminosity 

Wheeze 

Luminosity 

Low Wheeze 

Low Luminosity 

High CO influences  
Wheezing Level (Low/High) 

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

1Amit Sheth, Pramod Anantharam, Cory Henson, 'Physical-Cyber-Social Computing: An Early 21st Century Approach,' IEEE Intelligent Systems, vol. 28, no. 1,  
pp. 78-82, Jan.-Feb., 2013. http:// doi.ieeecomputersociety.org/10.1109/MIS.2013.20 

άŀ holistic treatment of data, 
information, and knowledge  

from the PCS worlds to 
 integrate, correlate, interpret, 

 and provide contextually  
relevant abstractions 

 to humans. έ1 
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http://knoesis.org/library/resource.php?id=1816
http://knoesis.org/library/resource.php?id=1816
http://knoesis.org/library/resource.php?id=1816
http://knoesis.org/library/resource.php?id=1816
http://knoesis.org/library/resource.php?id=1816
http://knoesis.org/library/resource.php?id=1816
http://knoesis.org/library/resource.php?id=1816


ÅHealthcare:  
ADFH, Asthma,  
GI, Demintia 
ïUsing kHealth system 

ÅTraffic Analytics: 

ïUnderstanding traffic flow 

ÅSocial Media Analysis : 

ïCrisis coordination using Twitris 
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 I will use applications in 3 domains to demonstrate 
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http:// www.technologyreview.com/ featuredstory/ 426968/the -patient -of-the-future/  

MIT Technology Review, 2012 

 The Patient of the Future 
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 Asthma: A Multi -faceted and Symptomatically Variable Health Challenge 

Personal level 
Signals 

Public level 
Signals 

Population level 
Signals  

1Marcus, Philip, Kevin R. Murphy, Abid RahmanΣ ŀƴŘ /ƘǊƛǎǘƻǇƘŜǊ 5Φ hΩ.ǊƛŜƴΦ ϦIntrapatient symptom  
variability in adults and children with asthma: Results of a survey." Advances in therapy 22, no. 5 (2005): 488-497. 

ά Χ ǎǳǊǾŜȅ indicates that adult patients and caregivers of pediatric patients  
report variability in asthma symptoms ƻǾŜǊ ǘƛƳŜΣ ŜǾŜƴ ǿƘŜƴ ŀǎǘƘƳŀ ƳŜŘƛŎŀǘƛƻƴǎ ŀǊŜ ǘŀƪŜƴΦέ1 
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 Asthma: Actionable Information  

How is my Asthma control? 

Should I take additional medication today? 

How can I reduce my asthma attacks at home? 

Far better an approximate answer to the right question, which is often vague, than the exact answer to the  
wrong question, which can always be made precise. 

                       -- John Tukey, Ann. Math. Stat. 33 (1962) 
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Personal level 
Signals 

Public level 
Signals 

Population level 
Signals  

Domain 
Knowledge 

 Asthma: Challenges in Heterogeneity, Variability, and Personalization  

http://www.tuberktoraks.org/managete/fu_folder/2011-03/html/ 2011-3-291-311.html  

Contextual  Personalized Actionable 

OR 

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

Formulation of Smart Data 
strategy providing services 
for Search, Explore, Notify. 

 
ñUse of Ontologies and 

Data repositories to gain 

relevant insightsò  



 Smart Data  (2014 retake ) 

Smart data makes sense out of Big data 
 

It provides value from harnessing the 
challenges posed by volume, velocity, variety 
and veracity  of big data, in-turn providing 

actionable information and improve decision 
making. 

19 



OF human, BY human ĄFOR human 
 

Smart data is about extracting value by 
improving human involvement in data creation, 

processing and consumption.  
It is about (improving) 

computing for human experience.  
 

 Another perspective on Smart Data 

20 



Petabytes of Physical(sensory)-Cyber-Social Data everyday!  
More on PCS Computing: http://wiki.knoesis.org/index.php/PCS  

21 

óOF human ô : Relevant Real-time Data Streams for Human Experience 

http://wiki.knoesis.org/index.php/PCS
http://wiki.knoesis.org/index.php/PCS
http://wiki.knoesis.org/index.php/PCS


Use of Prior Human -created Knowledge Models 
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óBY human ô: Involving Crowd Intelligence in data processing  

Crowdsourcing and Domain -expert guided  
Machine Learning Modeling  



Detection of events, such as wheezing 
sound, indoor temperature, humidity, 

dust, and CO level  

Weather Application 

Asthma Healthcare 
Application 

High CO content at 
home during day 
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        óFOR human ô : Improving Human Experience (Smart Health) 

Population Level 

Personal 

Public Health 

Action in the Physical World 

Luminosity  

CO level 

CO in gush  
during day time  



Electricity usage over a day, device at 

work, power consumption, cost/kWh, 

heat index, relative humidity, and public 

events from social stream 

Weather Application 

Power Monitoring Application 
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 óFOR human ô : Improving Human Experience (Smart Energy) 

Population Level Observations 

Personal Level Observations 

Action in the Physical World 

Washing and drying has 

resulted in significant cost 

since it was done during peak 

load period. Consider 

changing this time to night. 
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Big Data is pervasive -   
It is Smart Data that matter!  



DATA 
Observations from 
machine and 
social sensors  

KNOWLEDGE 
for interpretation of 

observations  

26 

ACTIONS 
situation awareness useful  

for decision making  

  Primary challenge is to bridge the gap between data 
and actions  

Contextualization  
Personalization  
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  In the process, engaging both top and bottom brain   

ά¢ƘŜ Theory of Cognitive Modes* emphasizes the constant and  
close interaction of the top and bottom systems. They ŘƻƴΩǘ ǿƻǊƪ ƛƴ  
isolation τ or in competition τ but seamlessly togetherΦέ 

άǘƘŜ top part of the brain is involved in setting up plans, controlling movements, registering  
changes in where objects are located in space, and revising plans when anticipated events  
do not occurΦέ 

 άbottom is involved in classifying and interpreting what we perceive, and allows us to  
confer meaning on the worldΦέ 

*http ://brainblogger.com/2013/12/19/top-brain-bottom-brain-part-3-the-theory-of-cognitive-modes/   

by G. Wayne Miller and Stephen M. Kosslyn, PhD | December 19, 2013 
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Can we take inspiration from the óTheory of Cognitive Modesô to develop a 
computational model?   

Mover Perceiver Simulator Adaptor 

http://online.stanford.edu/pgm-fa12  

T & B B T 
T- Top brain, B- Bottom brain 

our baby step toward  
a computational model for perception 

(Machine Perception) 

http://online.stanford.edu/pgm-fa12
http://online.stanford.edu/pgm-fa12
http://online.stanford.edu/pgm-fa12
http://online.stanford.edu/pgm-fa12
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J. 
McCarthy  

M. 
Weiser 

D. 
Engelbar

t   

J. C. R. 
Licklider  

 Toward a symbiotic partnership between machines and people 

htttp :// j.mp/k-che 
http:// knoesis.org/ index.php/Computing_For_Human_Experience 
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RDF OWL 

                                      Semantic Sensor Networks (SSN) 

  How are machines supposed to integrate and interpret sensor data? 
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Lefort, L., Henson, C., Taylor, K., Barnaghi, P., Compton, M., Corcho, O., Garcia-Castro, R., Graybeal, J., Herzog, A., Janowicz, K., 

Neuhaus, H., Nikolov, A., and Page, K.: Semantic Sensor Network XG Final Report, W3C Incubator Group Report (2011). 

  W3C Semantic Sensor Network Ontology 
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Lefort, L., Henson, C., Taylor, K., Barnaghi, P., Compton, M., Corcho, O., Garcia-Castro, R., Graybeal, J., Herzog, A., Janowicz, K., 

Neuhaus, H., Nikolov, A., and Page, K.: Semantic Sensor Network XG Final Report, W3C Incubator Group Report (2011). 

  W3C Semantic Sensor Network Ontology 



SSN 
Ontology 

2 Interpreted data  
 (deductive) 
 [ in OWL ]  
  e.g., threshold 

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

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

3 Interpreted data  
 (abductive) 
 [ in OWL ]  
 e.g., diagnosis 

Intellego  

ñ150ò 

Systolic blood pressure of 150 mmHg 

Elevated 
Blood  

Pressure 

Hyperthyroidism  

é é 

33 

  Levels of Abstraction  
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Χ ŀƴŘ Řƻ ƛǘ efficiently and at scale 

  What if we could automate this interpretation of Data ? 
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Making sense of sensor data with 

Henson et al An Ontological Approach to Focusing Attention and Enhancing Machine Perception on the Web, Applied Ont, 2011 

http://knoesis.org/library/resource.php?id=1633
http://knoesis.org/library/resource.php?id=1633
http://knoesis.org/library/resource.php?id=1633
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People are good at making sense of sensory 
input  

What can we learn from cognitive models of 
perception?  

The key ingredient is prior knowledge  



* based on bŜƛǎǎŜǊΩǎ cognitive model of perception 

Observe 
Property  

Perceive  
Feature 

Explanation  

Discrimination  

1 

2 

Translating low - level 
signals into high - level 
knowledge 

Focusing attention on those 
aspects of the environment 
that provide useful 
information  

Prior Knowledge  

37 

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

decisions  

 Perception Cycle*  

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


38 

To enable machine 
perception ,  

Semantic Web  technology is used to 
integrate  

sensor data with prior knowledge  on the Web 

W3C SSN XG 2010-2011, SSN Ontology 

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


W3C Semantic Sensor 
Network (SSN) Ontology Bi - partite Graph  
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 Prior knowledge on the Web  


