
The Elusive Quest for 
Questions

Einstein is reported to have said that if he only had one hour to 
solve a problem he would spend 55 minutes defining the problem 

and the remaining 5 minutes solving it

Apocryphal: https://quoteinvestigator.com/2014/05/22/solve/ 
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http://www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf


Question
Sense and Convergence

I don’t know any answers but one clue is data fusion

As We May Think by Vannevar Bush - http://web.mit.edu/STS.035/www/PDFs/think.pdf

http://web.mit.edu/STS.035/www/PDFs/think.pdf


www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf

Is ↑income linked to ↓pneumonia death?

http://www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf


Imperative to frame,  
define and ask the                  
correct questions
Answers depend on questions, what we sense, converge



Pneumonia risks are skewed towards poor 
children, but health system provision is 

skewed towards wealthier children.

www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf

http://www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf


Children's story based on an Indian folk tale dating back at least 2000 years.
Offers insight into what happens if the systems view of a problem is ignored. 
Six men who are very knowledgeable are blind. They encounter an elephant
and each gives his analysis of the ‘system’ based on the particular part of the
elephant (system) they happen to touch. Each is partly right since they have 
made contact with one major subsystem. However, they are wrong because 
in their blindness they failed to comprehend the system as a whole. Often in
CPS the limited perspectives (embedded systems, communication, physical
Plant) of individual domains may lead to failure for as a whole (integration).

CONVERGENCE BY DESIGN
RISK POOLING COMPONENTS

MODULAR SYSTEMS ARCHITECTURE
INTEROPERABLE VARIANT CONFIGURATION



Is this prediction deliberately obsequious or desperately oblivious of the problems? 

Source: Johns Hopkins University



Pneumococcal conjugate vaccine: supply vs demand

www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf

1 million children (under 5) dying each year due to Pneumonia

http://www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf


Detecting or sensing or 
predicting the disease

Data may not help the children – it is death due to the economy



Think Different
Apply Systems Thinking to Problems for Real-World Connected Solutions 



Pneumococcal conjugate vaccine: social business op? 

www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf

1 million children (under 5) dying each year due to Pneumonia

http://www.savethechildren.org.uk/content/dam/global/reports/health-and-nutrition/fighting-for-breath-final-low-res.pdf


Children's story based on an Indian folk tale dating back at least 2000 years.
Offers insight into what happens if the systems view of a problem is ignored. 
Six men who are very knowledgeable are blind. They encounter an elephant
and each gives his analysis of the ‘system’ based on the particular part of the
elephant (system) they happen to touch. Each is partly right since they have 
made contact with one major subsystem. However, they are wrong because 
in their blindness they failed to comprehend the system as a whole. Often in
CPS the limited perspectives (embedded systems, communication, physical
Plant) of individual domains may lead to failure for as a whole (integration).

CONVERGENCE BY DESIGN
RISK POOLING COMPONENTS

MODULAR SYSTEMS ARCHITECTURE
INTEROPERABLE VARIANT CONFIGURATION



ENERGY in SYSTEMS DESIGN
It’s a 

Toaster

It’s a 
Vehicle

It’s a  
Fuel Cell

It’s a 
Battery It’s a 

Machine

It’s a 
Grid



Data Analytics at the edge
Internet of Energy
Energy Efficiency

Form Factor
Mobility

Intelligent Mitochondria

MIT Library ● Digital Transformation ● https://dspace.mit.edu/handle/1721.1/111021

https://dspace.mit.edu/handle/1721.1/111021


One tiny question?
3D printed sensors with fractal dimensions were 

more sensitive, compared to solid 2D areas 

Quest for questions and data



https://spatialexperiments.wordpress.com/2016/09/18/fractal-geometry-in-nature-and-architecture/



fractured.

http://m
afija.fm

f.uni-lj.si/sem
inar/files/2012_2013/Fractal_Structures_Janez_Podhostnik.pdf

http://mafija.fmf.uni-lj.si/seminar/files/2012_2013/Fractal_Structures_Janez_Podhostnik.pdf


1861●Bernhard Riemann (1826-1866) 1872●Karl Weierstrass (1815-1897)

3D Riemann function - green → prime numbers Weierstrass function – the graph is a fractal



Data analytics
Prime numbers in cryptography and cybersecurity

Plot of data reveals recursive self-similarity patterns 



fractured.

Can we use this tool in data analytics?
IDK

Recursive self-similarity patterns are 
clues for recursive neural networks?

IDK



EVERYTHING
Including internet of things, is about making sense of data.



Cuneiform script, circa 3500 BC, in Sumeria (Mesopotamia) followed by 
wood block printing, circa 200 AD, to the printing press, by Johannes 
Gutenberg, circa 1440, spans about 5,000 years - the time it took to create 
tools for democratization of data, information and knowledge. 

How many people may have read the Epic of Gilgamesh, which was written 
in cuneiform and carved on the Deluge tablet circa 2000 BC? You had to a 
Queen or the President. In the 21st Century, Rudyard Kipling’s “If” may be 
downloaded by anybody, a teacher or a janitor, for free. 

The transaction cost is approaching zero. Please thank the digital economy.

Transaction cost, pioneered as a business staple by Ronald Coase (1937), is 
critical, but not the only element for diffusion of digital transformation. 
Value, trust, security and interoperability between systems, are important.

The transformation to acquire data, transmit data or connect information, 
has profound implications for the adoption of the paradigm, atoms to bits. 

The President and the janitor, can access the same data or information. 
Anyone, anywhere, may consume the same information. Democratization 
of data, due digitization and digital transformation, is the new normal.

The President & Janitor may access the same data. Who can make sense of the data? 



The President & Janitor may access the same data. Who can make sense of the data? 



From Ian Goodfellow in Deep Learning, MIT Press



from Ian Goodfellow in Deep Learning, MIT Press (2017)



Is data curation essential?
Can code adapt to available data?



Tensor Algebra
Open Source TACO http://tensor-compiler.org

http://tensor-compiler.org/kjolstad-oopsla17-tensor-compiler.pdf

http://tensor-compiler.org/kjolstad-oopsla17-tensor-compiler.pdf


What if you could compute without zeroes and an automated code takes care of the missing 
zeroes in the kernel? Can such a tool vastly improve the speed of computation? Sparse matrix-
vector multiplication (SpMV) is one of the most important operations in sparse linear algebra. 

Previous work since 1960’s. WF Tinney and JW Walker. 1967. Direct solutions of sparse network 
equations by optimally ordered triangular factorization. Proceedings of IEEE 55 11 1801–1809

Binary is 0’s and 1’s

http://tensor-compiler.org/kjolstad-oopsla17-tensor-compiler.pdf

http://tensor-compiler.org/kjolstad-oopsla17-tensor-compiler.pdf


President & Janitor may access same data. Who has the tools to make sense of data? 





SELF



SELFIE



SELF-SIMILAR



Before “fractal” was in our vernacular – from Polish mathematician Waclaw Sierpinski (1882-1969) 

SELF-SIMILAR AT DIFFERENT SCALES



SELF-SIMILARITY OF SIERPINSKI TRIANGLE



FRACTAL DIMENSION



The square is

2 dimensional



The cube is
3 dimensional



SELF-SIMILARITY vs FRACTAL DIMENSION



SELF-SIMILARITY vs FRACTAL DIMENSION



http://www.math.umass.edu/~mconnors/fractal/fractal.html
http://math.rice.edu/~lanius/frac/
http://local.wasp.uwa.edu.au/~pbourke/fractals/
http://www.cevis.uni-bremen.de/fractals/nsfpe/Pythagorean_Trees/PT.html



http://www.math.umass.edu/~mconnors/fractal/fractal.html
http://math.rice.edu/~lanius/frac/
http://local.wasp.uwa.edu.au/~pbourke/fractals/
http://www.cevis.uni-bremen.de/fractals/nsfpe/Pythagorean_Trees/PT.html



http://www.math.umass.edu/~mconnors/fractal/fractal.html
http://math.rice.edu/~lanius/frac/
http://local.wasp.uwa.edu.au/~pbourke/fractals/
http://www.cevis.uni-bremen.de/fractals/nsfpe/Pythagorean_Trees/PT.html







N = 4, m = 3

N = 4, m=3



N = 4, m = 3
D = log (4) / log (3) = 1.262

Answer: D = 1.262



Questions  Convergence
I still don’t know any answer
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You cannot see the future if your 
imagination is out of focus



Vision ● Trans-disciplinarity
Cross-pollination & confluence of ideas catalyzes critical global solutions



BEP uses scale free network theory to engineer 

nanomaterial receptors on sensor surface using 

in silico 2D patterns based on network energy 

maximization, metallization, biofunctionalization. 

BEP increases transduction and signal-to-noise-

ratio for electro-chemical and plasmonic sensors. 

These nano-bio-sensors can be used for field 

targets ranging from molecules to whole cells.

Biomimetic Entropic  Patterning

Dr Eric Mclamore, Dept of Agriculture and Biological Engineering, University of Florida, Gainesville



Entropy
disorder or randomness

Biomimetic Entropic  Patterning



L

Is the disorder or randomness in a system (entropy) 
increasing from left (L) to right in this patterning?



Is the disorder or randomness in a system (entropy) 
increasing from (L) to (R) in self-similar patterns?



Mandelbrot Fractal - Fragmented geometric shape can be subdivided in parts, each 
of which is (at least approximately), a reduced/size copy of the whole (self-similar).

Fractal Dimension vs Black (B) and White (W) Areas 



www.sciencedirect.com/science/article/pii/S0898122113000345

FRACTAL DIMENSION
vs

ENTROPY

http://www.sciencedirect.com/science/article/pii/S0898122113000345


Increasing sensitivity in 
the context of sensor ?

Sensor data
generates

information



www.sciencedirect.com/science/article/pii/S0898122113000345

FRACTAL DIMENSION
DATA FROM SENSOR

INFORMATION

http://www.sciencedirect.com/science/article/pii/S0898122113000345


www.sciencedirect.com/science/article/pii/S0898122113000345

FRACTAL DIMENSION
ENTROPY

DATA

http://www.sciencedirect.com/science/article/pii/S0898122113000345


www.sciencedirect.com/science/article/pii/S0898122113000345

FRACTAL DIMENSION
ENTROPY

DATA → INFORMATION

http://www.sciencedirect.com/science/article/pii/S0898122113000345


It is good for? Application to improve lives?

Usable Knowledge

www.sciencedirect.com/science/article/pii/S0898122113000345

FRACTAL DIMENSION
ENTROPY

DATA → INFORMATION

http://www.sciencedirect.com/science/article/pii/S0898122113000345


https://asknature.org/idea/comolevi-forest-canopy/#.WdesFGhSxdg

FRACTAL BIOMIMETICS



DOI: 10.13140/RG.2.1.4154.6485

Compact Dual-band Antenna with Fractal Slot 
Annular Ring and Defected Ground Structure



https://phys.org/news/2017-01-graphene-photodetector-fractal-golden-snowflake.html

https://phys.org/news/2017-01-graphene-photodetector-fractal-golden-snowflake.html


Vision ● Trans-disciplinarity
Cross-pollination and confluence of ideas catalyzes global solutions



Fractal Electrodes as a Generic
Interface for Stim

ulating N
eurons

W
. J. W

atterson, R. D. M
ontgom

ery &
 R. P. Taylor

DO
I:10.1038/s41598-017-06762-3

http://pubs.acs.org/doi/abs/10.1021/nl501738b

FRACTAL BASED
RETINAL IMPLANT

http://dx.doi.org/10.1038/s41598-017-06762-3
http://pubs.acs.org/doi/abs/10.1021/nl501738b


Entropy and Fractals as Diagnostic Tools in Medicine 

Deglutition / Swallowing



Entropy and Fractals as Diagnostic Tools in Dysphagia 



http://rave.ohiolink.edu/etdc/view?acc_num=akron1313410479

ENTROPY

FRACTAL

0
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1
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3

3.5

NORMAL
DYSPHAGIA

 

ENTROPY FRACTAL

Entropy & Fractals as Diagnostic Tools in Dysphagia

http://rave.ohiolink.edu/etdc/view?acc_num=akron1313410479


http://rave.ohiolink.edu/etdc/view?acc_num=akron1313410479

http://rave.ohiolink.edu/etdc/view?acc_num=akron1313410479


How do we transform this data and information
to diagnose patients with potential problems 
due to dysphagia or predict if a person may be 
experiencing some form of dysphagia (may be
symptomatic of other problems - silent stroke).  



If you cannot sense, you cannot detect.

If you cannot predict, you cannot prevent.

If you cannot measure, you do not have metrics.

If you do not have data, you cannot take a decision.

https://dspace.mit.edu/handle/1721.1/107893

Symptomatic Angina: The Tip of the Ischemic Iceberg
www.escardio.org/static_file/Escardio/education/live-events/courses/education-resource/Fri-11-SMI-Gutterman.pdf

https://dspace.mit.edu/handle/1721.1/107893
http://www.escardio.org/static_file/Escardio/education/live-events/courses/education-resource/Fri-11-SMI-Gutterman.pdf


30-day mortality after admission to hospital for ischaemic stroke

OECD Health Statistics 2017 http://dx.doi.org/10.1787/888933603602



Congestive heart failure 
hospital admission 
(adults, 2015)

OECD Health Statistics 2017
http://dx.doi.org/10.1787/888933603507

http://dx.doi.org/10.1787/888933603507


Entropy and Information
If information grows, does entropy increase?





www.student.cs.uwaterloo.ca/~cs106/Winter2017/labs/l06/

http://www.student.cs.uwaterloo.ca/%7Ecs106/Winter2017/labs/l06/


Mandelbrot Fractal - Fragmented geometric shape can be subdivided in parts, each 
of which is (at least approximately), a reduced/size copy of the whole (self-similar).



Example
Fractal vs Entropy



Average sensitivity toward H2O2 (blue) and electroactive surface area (orange) for 
patterned laser inscribed graphene (LIG) and inkjet printed graphene (IPG) electrodes. 

Entropy vs Fractal Geometry 

ENTROPY →



Nano-surfaces vs Sensitivity
Silicon nano-wires, Surface enhanced Raman Spectroscopy (SERS)



(a) Patterned gold nanocrystals by nanoimprint lithography (b) Gold (Au) 
evaporated thin films patterned on hydrogel (c) indium-tin-oxide (ITO) 
nanorods fabricated by combining nanoimprint lithography and etching.

Marcie Black, ASG and Fatima Toor, Iowa

Dr Eric Mclamore, Dept of Agriculture and Biological Engineering, University of Florida, Gainesville



Application
Nanobiosensor, detection, data acquisition, transmission by smart phone



Digital in 4D (Healthcare and Medical IoT) https://dspace.mit.edu/handle/1721.1/107893

Advanced Silicon Group

https://dspace.mit.edu/handle/1721.1/107893


LUNG CANCER
Marcie Black
Fatima Toor



Histidine-tagged insect-derived chemosensory proteins (CSP) 
adsorbed to metallized nanosensor surface for small molecule 
sensing. 5 patterns at various levels of entropy were tested.

Nano-Bio-Sensor to detect water-soluble Imidacloprid (neonicotinoid insecticide inhibits 
nicotinic acetylcholine receptors (CNS). Causes honeybee colony collapse disorder (CCD). 



Nano-bio-sensors detect pathogens using smartphone

Biomimetic Entropic Patterning (BEP) nano-bio-sensors using (CSP) 
chemosensory proteins tested to detect Imidacloprid (for each 
fractal pattern) using electrochemical impedance spectroscopy 
(EIS, left) and localized surface plasmon resonance (LSPR, right).

Dr Eric Mclamore, Dept of Agriculture and Biological Engineering, University of Florida, Gainesville



LSPR (localized surface plasmon resonance) for avidin-biotin assay:
increase in output signal for increasing entropy of nano-Au pattern.

Time [sec]

Dr Eric Mclamore, Dept of Agriculture and Biological Engineering, University of Florida, Gainesville
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in silico 
Biomimetic 
Patterns:
Tuning 
pattern 
entropy to
maximize 
information 
exchange 
for
nano-bio-
sensors.



MAKING SENSE OF DATA
Nano-Bio-Sensor data acquisition and analytics using 
smartphone integrated app running ML algorithms



Dr Eric Mclamore, Dept of Agriculture and Biological Engineering, University of Florida, Gainesville

Android based mobile nano-bio-sensor acquisition devices for 
field analysis. Mobile app for pathogen sensing data display.



Mobile app integrated machine learning (ML) analytical tools for near real-time analysis of sensor data. For semi-
quantitative sensor output (low sampling frequencies), data may be processed using a cloud-based app for SVM 
(support vector machine) classifier, to facilitate rapid on site detection. Early warning signals use time series data.

SVM classification of impedimetric (EIS) biosensor results for CSP-acetone binding

Mobile nano-bio-sensor data acquisition: data analytics and 
data visualization integrated in real-time on smartphone app



CONVERGENCE
Fractal pattern, entropy optimization, nano-bio-sensor 
sensitivity, signal transduction, mobile data acquisition, 

machine learning analytics real-time app, data generates 
near real-time actionable information and/or prediction



CONVERGENCE
Entropy → Information



a 

Entropy → Thermodynamics of Gas Molecules → Information 

MACRO
STATE

MICRO
STATES



Block Sliding Down an Inclined Plane (velocity at a certain point = v)

Macroscopic motion subject to gravity and friction (Newton’s Laws of Motion) 



Block Sliding Down an Inclined Plane (velocity at a certain point = v)

Microscopic behavior – local oscillations of groups of atoms – random and independent 



Block Sliding Down an Inclined Plane (velocity at a certain point = v)

Microscopic behavior of atoms in accordance with laws of thermodynamics 



Entropy → Thermodynamics → Information Theory 



Fractal structures are characterized by fractal 
dimension (infinite family of fractal dimensions 
exists). A generalized fractal dimension can be 
defined in an E-dimensional space. The Rényi
entropy and generalized fractal dimension are 
connected by a straight relation. Numerically, 
Kolmogorov entropy can be estimated as 
the Rényi entropy. A special case of Rényi
entropy is the information theory of Shannon 
entropy. The product of Shannon entropy and 
Boltzmann constant is thermodynamic entropy.

The Kolmogorov entropy describes the degree of chaoticity of systems (average rate of information loss about a position of the phase point on the attractor).

Information entropy works with a set of events with arbitrary 
probabilities. In thermodynamics, it is assumed that gas particles 
occupy any region of a container with equal probability. Information 
entropy is a broader concept than thermodynamic entropy. Hence, 
thermodynamic entropy is a subset of information entropy.

Entropy (2013) 15 3396-3418; doi:10.3390/e15093396 & www.sciencedirect.com/science/article/pii/S0898122113000345

http://www.sciencedirect.com/science/article/pii/S0898122113000345


Claude Elwood Shannon
(April 30, 1916 – February 24, 2001)

Founded information theory, A Mathematical Theory of Communication, 

that he published in 1948. He founded digital circuit design theory in 

1937 (21-yr-old MS student) at MIT. He wrote his thesis demonstrating 

that electrical applications of Boolean algebra could construct any 

logical, numerical relationship. Shannon received his Ph.D. from MIT in 

1940. Vannevar Bush suggested that Shannon should work on his 

dissertation at the Cold Spring Harbor Laboratory, in order to develop a 

mathematical formulation for Mendelian genetics. This research was 

Shannon's Ph.D. thesis at MIT, An Algebra for Theoretical Genetics. He 

was a faculty at MIT until 1978.

http://math.harvard.edu/~ctm/home/text/others/shannon/entropy/entropy.pdf

https://en.wikipedia.org/wiki/A_Mathematical_Theory_of_Communication
http://math.harvard.edu/%7Ectm/home/text/others/shannon/entropy/entropy.pdf


Ivan Edward Sutherland (May 16, 1938) is the 
father of computer graphics (GUI). Sutherland 
earned his BS from CMU, MS from CalTech and 
PhD from MIT in 1963. He invented Sketchpad in 
1962 at MIT. Claude Shannon was his PhD thesis 
advisor, in addition to Marvin Minsky and Steven 
Coons. Sutherland replaced J. C. R. Licklider as 
the head of US Defense Department Advanced 
Research Project Agency's (DARPA) Information 
Processing Techniques Office when JCR Licklider
returned to MIT in 1964. http://ubiquity.acm.org/article.cfm?id=352537

https://en.wikipedia.org/wiki/Sketchpad
http://ubiquity.acm.org/article.cfm?id=352537


A ravishing film star and an avant-garde composer 
invented spread-spectrum radio, the technology 
that made wireless phones and GPS, possible.



EVERYTHING



Flexible piezoelectric sensor is 2 by 2.5 cm, and can be rolled up and swallowed. It can 
stay in the stomach up to two days without any electrical or mechanical degradation. 
Professor Canan Dagdeviren (left) & researcher Giovanni Traverso, MIT (Oct 10, 2017).

http://news.mit.edu/2017/flexible-sensors-can-detect-movement-gi-tract-1010

http://news.mit.edu/2017/flexible-sensors-can-detect-movement-gi-tract-1010


 Ingestible sensors transmitting metabolic data
 Chemical sensors detect landmines on iPhone 

http://news.mit.edu/2017/cheaper-faster-food-testing-smartphone-0405

http://news.mit.edu/2017/cheaper-faster-food-testing-smartphone-0405






Pay 1c Per Analytics       Apps, Data Distribution Service

Glucose Sensor

Cholesterol Sensor

BNP Sensor

Cholesterol Sensor

Glucose Sensor
What does the data suggest about my health?

NK Labs
ARA Prototype

Hot swappable, modular, smart

Stroke Sensor



http://onlinelibrary.wiley.com/doi/10.1002/bies.201500002/epdf

DOI 10.1002/bies.201500002

http://onlinelibrary.wiley.com/doi/10.1002/bies.201500002/epdf


Not only for humans, healthcare and medicine, also for 
animals and the environment, as well as machines, tools  

and system of systems



GE
https://dspace.mit.edu/handle/1721.1/107989

The goal is to optimize efficiency of this turbine (which is inside a GE engine and the aircraft is 
flying at 37,000 feet, over Polynesia). Maximize the aircraft function (motion) while reducing 
NOx emissions (indirect GHG) without increasing carbon dioxide emissions. The “live” data in 
the Digital Twin concept is central to this solution. The flight control engineer wants data, in 2.5 
second interval, of the range of temperatures inside the combustion chamber, while in flight.

https://dspace.mit.edu/handle/1721.1/107989


Digital Twins - Concept from NASA - for IIoT ?
Design metaphor - industrial internet of things 





Digital Twins
Machines, Cars, Cities, Energy Grid, Humans



Intelligent MonitorInfusion Pump Patient Simulator
Ventilator

Capnometer

Vital Signs Monitor

Simulator
connected

to vital signs
monitor

Fluke ProSim 8
connected

to intelligent
monitor

O2 Saturation 

Respiratory Rate 

end-tidal CO2

Patient Controlled Analgesia Safety Application

Morphine Infusion Safety

Connected Data
Collective Analysis
Automated Response

Autonomous Control of Morphine Infusion Pump – Medical Device Integration Model

Julian Goldman MD (MDPnP.org and Partners.org)
Massachusetts General Hospital, Harvard Medical School
Harvard – MIT Center for Integrative Medicine and Information Technology

Digital Twin for Patient 



then, make sense of 
data

8 Billion Terabytes
2016 Data: 1,000TB on a DVD 0.5mm thick ~4km ~10 Empire State Building
800 billion full length movies ~100 Trillion hours ~10 billion years to watch



How do we transform this data and information
to diagnose patients with potential problems 
due to dysphagia or predict if a person may be 
experiencing some form of dysphagia (may be
symptomatic of other problems - silent stroke).  



Mobile app integrated machine learning (ML) analytical tools for near real-time analysis of sensor data. For semi-
quantitative sensor output (low sampling frequencies), data may be processed using a cloud-based app for SVM 
(support vector machine) classifier, to facilitate rapid on site detection. Early warning signals use time series data.

SVM classification of impedimetric (EIS) biosensor results for CSP-acetone binding

Mobile nano-bio-sensor data acquisition: data analytics and 
data visualization integrated in real-time on smartphone app



http://bit.do/NNDL-MN-BOOK

http://bit.do/NNDL-MN-BOOK


Neuro-Synaptic Chips by D. Modha (IBM) v Marvin Lee Minsky “Cube on Cube” (1959) 



THE SOCIETY OF MIND
Marvin Lee Minsky (1959)

Intelligence is not a point, it is a tapestry of linked data, analysis & thinking punctuated by experience.
"Within a generation the problem of creating 'artificial intelligence' will substantially be solved.” 1967 
"In 3-8 years we will have a machine with the general intelligence of an average human being.” 1970

HyperNEAT “GO” ??



http://innovate.ee.ucla.edu/wp-content/uploads/2010/03/Ozcan-Group-CNN-LSA-2017-wSI.pdf

do
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14
1 

http://innovate.ee.ucla.edu/wp-content/uploads/2010/03/Ozcan-Group-CNN-LSA-2017-wSI.pdf




Data in Neural Paradigm
The design of classical weighted neural networks



1 2 3 4 5 6 7 8

1 0 0 0 w14 0 0 0 0

2 0 0 0 w24 0 0 0 w28

3 0 0 0 0 w35 w36 0 0

4 0 0 0 0 w45 0 0 0

5 0 0 0 w54 0 0 w57 0

6 0 0 0 0 0 0 0 w68

7 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0

(1,4, w14),

(2,4, w24),

(3,5, w35),

(3,6, w36),

(4,5, w45),

(5,4, w54),

(5,7, w57),

(2,8, w28),

(6,8, w68),

Classical approach of ANN – predominantly inferential

1

2

3

4

5

6 8

7

Recurrent Neural Network 

Topological by design with 
generic weights generates 

inferential (obvious) output



1 2 3 4 5 6 7 8

1 0 0 0 w14 0 0 0 0

2 0 0 0 w24 0 0 0 w28

3 0 0 0 0 w35 w36 0 0

4 0 0 0 0 w45 0 0 0

5 0 0 0 w54 0 0 w57 0

6 0 0 0 0 0 0 0 w68

7 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0

Non-obvious (inferential) relationship analysis?

1

2

3

4

5

6 8

7

Recurrent Neural Network 

The weighted brain “ecosystem” 
- epigenetic (seconds to days)
- ontogenic (days to years)
- phylogenic (generations)

Can we? Evolve from use of 
classical ANN which 
emulates NN topology to 
developmentally inspired 
engineering design based 
on neurogenesis and brain 
development modelling by
creating programs which 
generate neural networks,
hence adaptable, naturally.  



The model of a function

How the model functions

A two stage model of visual perception
http://journals.plos.org/plosbiology/article/asset?id=10.1371%2Fjournal.pbio.1002433.PDF

State Diagram

http://journals.plos.org/plosbiology/article/asset?id=10.1371/journal.pbio.1002433.PDF


www.deeplearningbook.org/

http://dai.fmph.uniba.sk/~sefranek/kri/handbook/handbook_of_kr.pdf

http://www.deeplearningbook.org/
http://dai.fmph.uniba.sk/%7Esefranek/kri/handbook/handbook_of_kr.pdf


AI

Lesson

from

Ants

SWARM 
INTELLIGENCE132



Data in KR
The design of knowledge representation networks



KNOWLEDGE REPRESENTATION

Ram Sriram, NIST



TOP
TOP LESS

OVER THE TOP

TOP OF WALL

SYNTAX, SEMANTICS, CONTEXT



TOP
TOPLESS

TOP LESS

Which part of your brain “lights” up



TOP LESS

OVER THE TOP TOP OF WALL



Google Translate from English to Chinese (Traditional)



2006
Chalmers
Sweden



Liping Wang Englund
2016 ● Gothenberg

Semantics v Ontology



Immensely complicated 
AI is not neuroscience

The deliberate commercial deception using AI hype

Intelligence in AI - https://dspace.mit.edu/handle/1721.1/108000

https://dspace.mit.edu/handle/1721.1/108000


Why?
DATA IN CONTEXT

The chasm between semantic context and computation

http://oxygen.csail.mit.edu/Overview.html



Data curation may be rendered useless unless selected for context 

143



J. Verif. Valid. Uncert 2(2), 021005 (Sep 07, 2017) doi: 10.1115/1.4037671

Machine Learning and Training ML Algorithms using Data 



Context of Use Data vs Validation of Deterministic Models



Concepts of Application and Context of Use (COU) 

J. Verif. Valid. Uncert 2(2), 021005 (Sep 07, 2017) doi: 10.1115/1.4037671



Parameters, Variations, Attributes, Characteristics, Dependencies, Influencers, Nodes, 
Networks, Processes and Hierarchical Relationships that underlie Biological Complexity 



AI is an umbrella
Vast complexity of tools and technologies



NN









Can we train AI tools for 
diagnosis, treatment          
& drug repurposing 
(Discovering new uses for approved drugs)

https://www.nature.com/polopoly_fs/1.20091!/menu/main/topColumns/topLeftColumn/pdf/534314a.pdf

https://www.nature.com/polopoly_fs/1.20091!/menu/main/topColumns/topLeftColumn/pdf/534314a.pdf


MIGRAINE

Sergio Baranzini, UCSF







genes



















Sergio Baranzini, UCSF



Genetic Effects on Gene Expression 
(http://rdcu.be/wFKx) levels across
44 human tissues. 

Now, add this variability …

http://rdcu.be/wFKx


Data



Feature 
engineering is 
key to AI. 
Insufficient, 
noisy, 
unstructured 
data, with 
respect to 
features, renders 
these tools 
impotent. (Ian 
Goodfellow in 
Deep Learning. 
MIT Press. 2016
http://www.deeplearningbook.org



Economists are prone to fads – ML and Big Data are the latest  

www.economist.com/news/finance-and-economics/21710800-big-data-have-led-latest-craze-economic-research-economists-are-prone

www.nytimes.com/2016/11/25/opinion/does-decision-making-matter.html

http://www.economist.com/news/finance-and-economics/21710800-big-data-have-led-latest-craze-economic-research-economists-are-prone
http://www.nytimes.com/2016/11/25/opinion/does-decision-making-matter.html


One company claims that 
their “Watson” AI tool     

can cure cancer

www.statnews.com/2017/09/05/watson-ibm-cancer/

It is the same company, which supported the claim by an employee,                           
Dharmendra Modha, to have captured the “brain in a box” by 2020.

https://medium.com/mit-technology-review/the-seven-deadly-sins-of-ai-predictions-9d14e1f21fc5

http://www.statnews.com/2017/09/05/watson-ibm-cancer/
https://medium.com/mit-technology-review/the-seven-deadly-sins-of-ai-predictions-9d14e1f21fc5


But, AI tools, especially ML, 
can help in simple systems, 
eg, machine maintenance

AI can help in radiology (image detection) and systems where human decisions 
(uncertainty) are limited or absent. When humans enter the loop (driving, 

financial markets), “rules” get fuzzy and analytics may be less reliable. 





Science must serve society
Food, Energy, Water, Sanitation, Health, Education

Are our leaders global visionaries?

You need to be a global visionary.



Causality
significant correlation?





http://bit.ly/GOT-MILK

20 June 2014

Source of Calcium for healthy bones
and fat-soluble vitamins A, D, E and K

http://bit.ly/GOT-MILK


www.cdc.gov/nchs/data/databriefs/db186.pdf

326,100 total hip replacements (US, 2010) 95% cases age 45+

THR > 2X in < 10 yrs

http://www.cdc.gov/nchs/data/databriefs/db186.pdf


http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf

Age-adjusted rates for leading causes of death in US

http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf


Cause of death for US adults aged 65+ (2012–2013)



Hip fractures and brain injuries may follow from fall 

http://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html

2.8 million falls in 2014
800,000 hospitalized
25,500 deaths due to fall
$31+ billion direct costs

Deaths Per 100,000

http://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html


Fall Detection – Wire less, Sensor less, Without Wearables

Ambient RF Reflection Data – Professor Dina Katabi, Wireless Center, CSAIL, MIT



Professor Dina Katabi (MIT) presenting RF Reflection to 
President Obama (White House Demo, 4 August 2015)

http://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806

http://bit.ly/President-Obama-with-Dina-Katabi

http://newsoffice.mit.edu/2015/president-obama-meets-mit-entrepreneurs-white-house-demo-day-0806
http://bit.ly/President-Obama-with-Dina-Katabi


After the fall …



www.mayoclinic.org/medical-professionals/clinical-updates/orthopedic-surgery/study-hip-knee-arthroplasty-shows-7-2-million-americans-living-with-implants

TKA and THA
Replacement
Potential 

USA 
325,000,000
population

EU-28
505,000,000
population

India
1.333 billion
population

China
1.384 billion
population

1% prevalence
Knee and Hip
combined

3,250,000 5,050,000 13,330,000 13,840,000

Total US folks 
TKA or THA

6.7 + 4.5 million
11,200,000

More than 30 million+ people may need implants

● EU Ageing http://ec.europa.eu/eurostat
● Prevalence http://bit.ly/AAOS-2014 http://www.ors.org/Transactions/56/0214.pdf

http://ec.europa.eu/eurostat
http://bit.ly/AAOS-2014
http://www.ors.org/Transactions/56/0214.pdf




Anatomy of Knee Joint





Total Hip Arthoplastry - Are All Acetabular Caps Created Equal? 



Total Hip Arthoplastry - Are All Female Hips Created Equal ? 

33% white; 16% black 24% white; 41% black

41% women 2% women



One shoe doesn't fit all



Connect  Converge  Compile



Hip arthroplasty (MRI/MRA) data integrated design & 3D Print



Connect  Converge  Communicate to 3D Printer



http://www.3ders.org/articles/20130218-3d-printing-bone-replacements-cartilage-replacements-medical-devices-with-618-nylon.html

3D Printed by Steve Wygant of SeeMeCNC

Upper Femur
3D Printed with 9572 psi tensile 
strength 618 nylon co-polymer

http://bit.ly/AAOS-2014

http://www.3ders.org/articles/20130218-3d-printing-bone-replacements-cartilage-replacements-medical-devices-with-618-nylon.html
http://bit.ly/AAOS-2014
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Professor Suman Das
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Professor Suman Das, Director, Direct Digital Manufacturing Laboratory, GTMI at Georgia Tech
and Morris M. Bryan, Jr. Chair in Mechanical Engineering for Advanced Manufacturing Systems

Digital Foundry

Integrated Design, Re-Engineering, Manufacturing, Data Analytics, Maintenance and Supply Chain

197



HERMES AWARD 

Margrit Harting, Maresa Harting-Hertz, Dietmar Harting, Chancellor, President, Philip Harting



Convergence
Public Health Prevention and 3D Additive Manufacturing 



HIP 
FRACTURE

www.iofbonehealth.org/facts-statistics

VITAMIN
D

LEVELS

Public health education may reduce healthcare cost due to osteoporosis 

http://www.iofbonehealth.org/facts-statistics
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https://dspace.mit.edu/handle/1721.1/56251


Weigh-scale, BMI, FOBT, urine analysis, sugar, 
ketone body analysis, blood pressure monitor, 
pulse oximeter, networked to phone via WiFi 
and/or Bluetooth with biometrics and face 
recognition for secure communication with
physician and hospital or clinic, globally.

Pay-Per-Pee Home Health Monitor - Advancing Preventive Medical Primary Care
Wireless Toilet Bowl Connected to Health IoT Systems or Hospital Systems 

Digital Metabolomics in Precision Medicine



1st Point of Contact for Retail Medicine   
and Preventive Medical Primary Care ?



PDEXA SCAN
BONE MINERAL 
DENSITY PROFILE

€1.99 for Bone Density •  €1.99 Mammogram 



C O N N EC T

PDEXA SCAN
BONE MINERAL 
DENSITY PROFILE

GROCERY STORE
PURCHASE LOG

Osteoporosis 

EU → 28 million in 2010 to 34 million in 2025 (increase of 23%)

US → 44 million (represents 55% of people aged 50+)

Brazil → 10 million (1 in every 17)

India → 36 million (2013)

China → 70 million (50+). Cost of treatment USD1.5 billion in 2006. 
Estimated US$12.5 billion in 2020 and US$265 billion in 2050.

In 2008, Indonesia had 34 DXA machines, half of them in Jakarta (population 237 million) which translates to
0.001 machine per 10,000 population. The equivalent recommended number for Europe is 0.11 (per 10,000)

http://bit.ly/BONE-HEALTH

Health IoT

PDEXA SCAN
in every drug
store, petrol 

pump, grocery 

Integrated system detects fall in bone density and correlates with reduced purchase of milk. Prevention for 
osteoporosis starts early. Avoids fall, trauma and morbidity from broken bones. Connected health IoT data.

CVS Special $0.99 for 1-quart Milk • $1.99 for Bone Density • $2.99 Mammogram 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FNqFgWQADNL4iM&tbnid=imuFQMi4WCOesM:&ved=0CAUQjRw&url=http://www.clipartlogo.com/free/iron.html&ei=RCyfUsq-F8fakQf-1IGADA&bvm=bv.57155469,d.eW0&psig=AFQjCNEj0UZRGkCgizx6izNQY-9sfAfHgQ&ust=1386249478795298
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FNqFgWQADNL4iM&tbnid=imuFQMi4WCOesM:&ved=0CAUQjRw&url=http://www.clipartlogo.com/free/iron.html&ei=RCyfUsq-F8fakQf-1IGADA&bvm=bv.57155469,d.eW0&psig=AFQjCNEj0UZRGkCgizx6izNQY-9sfAfHgQ&ust=1386249478795298
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3QXx63-TmhfIaM&tbnid=xFkF5pE3nmHP6M:&ved=0CAUQjRw&url=http://reviews.cnet.com/8301-13727_7-57590809-263/macbook-air-real-world-802.11ac-speeds-throttled/&ei=Ay2fUtfxNIeikQeaj4D4Dw&bvm=bv.57155469,d.eW0&psig=AFQjCNE8hnfPl9eeGF92t4SaC0rlKsbOHQ&ust=1386249770249933
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3QXx63-TmhfIaM&tbnid=xFkF5pE3nmHP6M:&ved=0CAUQjRw&url=http://reviews.cnet.com/8301-13727_7-57590809-263/macbook-air-real-world-802.11ac-speeds-throttled/&ei=Ay2fUtfxNIeikQeaj4D4Dw&bvm=bv.57155469,d.eW0&psig=AFQjCNE8hnfPl9eeGF92t4SaC0rlKsbOHQ&ust=1386249770249933
http://bit.ly/BONE-HEALTH


IoT is a design metaphor
applicable to any domain

The new normal – SERVICES – not products

Internet of Things
isn’t about things



Demand for healthcare
expected to grow in volume and acuity



Healthcare Services, 2015

OECD Health Statistics, 2017



The variability in the 
healthcare industry

and the lack of device and systems interoperability is 

a significant problem and cause of death in the USA.



E
R
R
O
R

Medical errors cost $20 billion pa & $1 trillion pa in lost productivity.



www.cdc.gov/nchs/data/hus/hus15.pdf

Error – Interoperability of electronic health records ?

http://www.cdc.gov/nchs/data/hus/hus15.pdf


www.practicefusion.com/blog/ehr-adoption-rates

1,100 EHR vendors: $37billion cost [Meaningful Use]

http://www.practicefusion.com/blog/ehr-adoption-rates


1,1000 EHR systems including over 600 for providers accepting US Medicare. 

With an EHR system, if you are a competing vendor and can’t access the clinical 
record on my system, you lose and I win. If I’m with a bigger system, the 
provider will be in a position to put pressure on the smaller collaborators to 
switch (if they bother). Often, one doctor’s office will print out the patient 
record, fax it to another doctor and their office will re-key the record (this 
happens this way since email is not HIPAA compliant). 

The cost of this is ultimately born by insurance and taxpayers, since the doctor 
has to pay extra staff to do all this re-keying and therefore incentivized to bill as 
many procedures as possible just to cover office costs. It’s a downward spiral for 
the consumer by design. The greed of the EHR vendors is a reason for errors. 

Deliberate Deception of Epic Proportions ($37 billion+)
EHR vendors do not want interoperability, by design
EHR systems do not “talk” to each other, by design



9th DECEMBER 2015



doi:10.1038/nrclinonc.2017.31PFIZER
PROFIT



11 million children die each year from preventable causes. 
70% of the deaths are due to 6 well documented diseases.



What is essential to health?



What is essential to Health?
Internet of Food and 3D flexible electronic printing



www.fao.org/3/a-i4674e.pdf

http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf

The End of Plenty 
by Joel K Bourne

www.un.org/sustainabledevelopment/blog/2015/07/what-progress-has-been-made-in-ending-global-poverty/
An estimated 9 billion people to feed in 2050

http://www.un.org/sustainabledevelopment/blog/2015/07/what-progress-has-been-made-in-ending-global-poverty/


More than two-thirds of total food 
wasted – which is ~ 63 million tons

43
million tons

Value wasted ~ $150 Billion (total 
food wasted value US$218 Billion) 

$150
Billion

People waste about 68% of the food in US

US Report ● http://www.refed.com/downloads/ReFED_Report_2016.pdf
EU Report ● http://data.consilium.europa.eu/doc/document/ST-10730-2016-INIT/en/pdf from www.eu-fusions.org/ 

http://www.refed.com/downloads/ReFED_Report_2016.pdf
http://data.consilium.europa.eu/doc/document/ST-10730-2016-INIT/en/pdf


We, people in US, are the culprits - 68% FOOD WASTE

25% 43%



http://www.refed.com/downloads/ReFED_Report_2016.pdf

FOOD WASTE - 63 million tons, $218 billion, 1.3% GDP
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Variables

• Ea Activation energy
• k1 Arrhenius constant
• n Order of the reaction
• T Temperature
• Q Quality
• t Time

Storage

2003



+
+

Name: Food Quality
Description: Food Quality based Arrhenius
Developer:      Natick Army Laboratories
ID: EPC: 010300908808BF60000000AA
Comp:      $0.25 per month
Type: Analytic
Rate: 1 to 10,000 sec
Algorithm:

+

+

+
+

Food Quality

+
+

Name: Activation Energy
Description: Activation Energy
Symbol: Ea
Access: Read
ID: EPC: 010300908808BF6000000102
Class: Scalar
Type: Float
Unit: m=2 kg=1 s=-2 u=-1
Default: 25000.0

+
+

Name: Arrhenius Constant
Description: Arrhenius Constant
Symbol: k1
Access: Read
ID: EPC: 010200908238760000023877
Class: Scalar
Type: Float
Unit: s=-1
Default: 0.002

+
+

Name: Temperature
Description: Temperature
Symbol: T
Access: Read
ID: EPC: 010200908238760000023877
Class: Scalar
Type: Float
Unit: k=1
Default: 286.0

+
+

Name: Quality
Description: Food Quality
Symbol: Q
Access: Write
ID: EPC: 010200907ABC8 60000012875
Class: Scalar
Type: Float
Unit: s=-1
Default: 100.0

+
+

Name: Order of Reaction
Description: Order of Reaction
Symbol: n
Access: Read
ID: EPC: 01020084191000001289731
Class: Scalar
Type: Int
Unit:
Default: 1

Shelf Life

2003



T

n, k1, EaT

Data

Q

?

Shelf Life  Answers (not numbers)

2003



Monitoring Perishables (MRE Simulation)

2003



DISPOSE

2003
227



DISPOSE

INSPECT

DISPOSE

ISSUE

2003
228



RFID + Temperature Sensor ● Convergence of Systems



Digital Transformation – Data, Analytics and Innovation

Data, Analytics, Innovation - Reduce Transaction Cost?





Dr Shoumen Datta, MIT 
<shoumen@mit.edu> 232

Real Time Data
Streaming Data, Continuous Queries

D2B / RFID / UWB
Object Oriented Hardware

Service Supply Chain

Semantic Grid
Web Portal

dERP
GRID

Internet  0 
Internet  1 
Internet  2 

A
G
E
N
T
S

S E C U R I T Y

Integrating Ubiquitous Analytics in Real-Time with Data, Information, Application

MEMS / NEMS
Intel Motes, Crossbow

BUSINESS SERVICES

From
an office
in Shenzen, 
China, you log
on a SDR reader in 
a warehouse in USA, 
to check if your products 
arrived on-time. They did. 
You also get to know that
your distributor in Santiago, 
Chile and retailer in Espoo,
Finland also checked the delivery 
status, moments before you logged on.

Bits, Atoms, Decisions

Right-Time
Analytics

SDR Data Interrogators as Ubiquitous Internet Appliances in IoT (2003)

IPv6

Physical World Objects

2003



MIT DSpace http://hdl.handle.net/1721.1/41907

2004 

http://hdl.handle.net/1721.1/41907


MIT DSpace - http://hdl.handle.net/1721.1/41907

p // / /

http://hdl.handle.net/1721.1/41907
http://hdl.handle.net/1721.1/41907


Think Transformation



Real-Time 
Precision 
Farming 

PLATFORM

SALES

DATA

Agro-Machine 
Manufacturer

Supply

-Weather data
-GPS micro-localization data
-Soil chemistry (GCMS) specifics
-Seed (sterile unless cultivated)
-Fertilizers (catalytic vs toxicity)
-Protection (pesticide, herbicide)
-Storage, shelf-life and waste
-Country of origin - goods supply

▪ Optimize MRO to improve asset uptime
▪ Mobile data collection and dissemination
- soil sample / nutrient analysis (GCMS)
- moisture monitors / field connect data 
- temperature / dielectric constant
- color and chemistry of crops
- growth rate / fertilizer distribution
- weather micro-impact / acidity-alkalinity

-Measure, understand and apply
-Impact of data on quality & yield

Leverage data to run long and 
short term simulations to plan for 
“what if” to optimize profit
- Weather patterns
- Demand uncertainty
- Export and import
- Tariff, cost, excise
- Regulatory policy

Retail Supply Chain – Sourcing / Distribution / Warehouse / Transportation
Track & Trace – Commodity Traders – Risk Management – Regulators (FDA)

The potential convergence of

Precision Farming ecosystem

- Seed to Mouth (S2M)

- Farm to Fork (F2F)

with other ecosystems, such as:

- Smart Cities 

- Autonomous Transportation

and operations management 

for trusted and secure supply 

chain network of partners. 

Compliance with SOX-409 type 

regulations and DHS e-manifest

are a part of this scenario. 

Additional links to energy and 

environmental systems are also 

obvious. Food safety, security, 

nutrition, availability and 

consumption are inextricably 

linked with global health, 

malnutrition, infant mortality 

and healthcare, in general.

Seed

Pesticide

Fertilizer

Precision Farming – Converging IoS Ecosystems – Fertilizer, Salinity, Water  

Field Connect Sensors 
John Deere

Farming in California alone is a $50 billion industry

NASA Soil Moisture Active Passive (SMAP)



http://bit.ly/HBR-IoT-PDF

Classical Agricultural System of Systems

http://bit.ly/HBR-IoT-PDF


National Institute of Standards & Technology CyberPhysical Systems Public Working Group ● SoS



Model

Software Defined Architecture - Modularity, Integration, Interoperability



Model

Software Defined Architecture - Modularity, Integration, Interoperability



Modular Architecture – Networks, System of Systems, Global Integration



TCE, EVA, ABM           
of Operations

Data, Connectivity
IT Infrastructure           

Create Platform
Seek Partners           

Change
Organization           

Innovate Business
& Revenue Model           

POTENTIAL FOUNDATIONAL STEPS for ENTERPRISE EVOLUTION

OUTCOME



Translational 
Engineering

IT IS NOT A ROADMAP. IT IS A COMPASS. IT IS A CONTINUUM. 



You can’t build an elephant 
using the mouse as a model

The pursuit of “large scale” test beds and deployments

Necessitates industry partnerships and innovation to 
create products and services which can harvest R&D 
efforts and lead to economic growth ie profitability. 
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Young’s Double Slit Experiment with Electrons
Dr. Akira Tonomura, Hitachi Research Laboratories, 1-280, Higashi-Koigakubo, Kokubunji-shi, Tokyo 185-8601, Japan
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slit
double slit

http://blogs.scientificamerican.com/guest-blog/what-does-the-new-double-slit-experiment-actually-show/

http://blogs.scientificamerican.com/guest-blog/what-does-the-new-double-slit-experiment-actually-show/


Transform ideas into 
reality

OUTCOME



5 MB hard drive being shipped out of IBM (1956)



2 TB hard drive slightly larger than a credit card (2015) 



GOOGLE

ORACLE
FACEBOOK

INTEL
CISCO

QUALCOMM
HP



< $0.4 Trillion

> $ 2.1 Trillion



Digital Transformation



Data Economy
Transportation - Automobiles and Aviation

Smart Cities (Sensor Networks)

Autonomy and Algorithms are inextricably linked with



Automobile Manufacturers in Quest of Silicon Valley

FT



Equal to about a dozen HD movies and exceeds storage capacity of most smartphones



Cost of 3G (2013) vs 3G/4G (2016) US Data Plans

http://www.toptenreviews.com/services/internet/best-mobile-broadband-providers/

http://www.toptenreviews.com/services/internet/best-mobile-broadband-providers/




4,000GB/day
120TB/month
1.44PB/year

2016 US Data Plans 10 GB data (per month) = $85 or 2% of GNI per person

$12.41 million per car per year 

US

2,666 internet users

www.oafrica.com/broadband/african-internet-and-broadband-facts-from-measuring-the-information-society-2013-report/

http://www.oafrica.com/broadband/african-internet-and-broadband-facts-from-measuring-the-information-society-2013-report/


https://ec.europa.eu/digital-single-market/en/news/mobile-broadband-prices-europe-2016
http://www.rewheel.fi/downloads/Rewheel_EU27_mobile_data_cost_competitiveness_report_May_2013_FINAL.pdf

Lowest cost of Mobile Broadband in EU approx. US$26.30/GB (highest US$231.4/GB)

https://ec.europa.eu/digital-single-market/en/news/mobile-broadband-prices-europe-2016
http://www.rewheel.fi/downloads/Rewheel_EU27_mobile_data_cost_competitiveness_report_May_2013_FINAL.pdf


4,000GB/day
120TB/month
1.44PB/year

Lowest cost of 0.1GB data in EU27 approximately US$2.63 or $26.30 / GB

EU

$38.40 million per car per year 



Autonomous Vehicles
NEW tools, NEW technologies, NEW economic models,          

NEW transaction cost structures, NEW digital businesses,                      
NEW engineering design, NEW computational paradigms

The NEW normal – SERVICES – not products
Adoption (of autonomous cars) is unrelated to cost of product (car) but determined by the cost of 
essential services (zero latency, mobile computation, connectivity, cybersecurity, energy recharge)



Transportation Coordination - Emergency “Crash to Care” Response



Time, Sensors, Network 
& Data Synchronization

US Park
Service 
Drones

US DHS 
Drone

US Fire 
Service 
Drone

Dhananjay Anand, NIST

Transportation of real-time data key to emergency search and rescue drones 



WSN In-Network Processing

EDGE 
INTELLIGENCE



EYERISS



THE MOBILE RULE
EDGE DEVICE





Published by TEKES 2005
Government of Finland 
Pages 44-45

Atoms to Bits

Prediction
iPhone

https://w
w

w
.tekes.fi/globalassets/julkaisut/e_business.pdf

https://www.tekes.fi/globalassets/julkaisut/e_business.pdf


https://dspace.mit.edu/bitstream/handle/1721.1/56251

Mobile Pay
Apple Pay 

iDrive

https://dspace.mit.edu/bitstream/handle/1721.1/56251


https://www.youtube.com/watch?v=oHDwKT564Kk

http://autonomos-labs.com/

https://www.youtube.com/watch?v=oHDwKT564Kk
http://autonomos-labs.com/


POC ● 2009 ● http://bit.do/Smooth-Operator

2005

http://bit.do/Smooth-Operator


NOVEMBER 12, 2007



26
OCT
2007



2009 Nokia 36.4% market share
2011 Nokia 00.0% market share



http://medcitynews.com/2017/01/vinod-khosla-healthcare-startups-hate/

(in partnership with Herbert Boyer of UCSF).

http://medcitynews.com/2017/01/vinod-khosla-healthcare-startups-hate/




https://dspace.mit.edu/handle/1721.1/56251

2005 – Swap form factor for “atoms” (connect bits, cars, engines, toilets)  

2006

12 years later, swappable car batteries are in discussion, but form factor for energy is still large.

https://dspace.mit.edu/handle/1721.1/56251


Swap “atoms” form factor – a different way of thinking about inventory at hand  

12 years ago, the idea was of “portability” of atoms [eg: running your car on (metallic) hydrogen] 

http://www.ptep-online.com/index_files/2011/PP-26-07.PDFS. Datta, published
(by TEKES in 2006)

https://dspace.mit.edu/handle/1721.1/56251

http://www.ptep-online.com/index_files/2011/PP-26-07.PDF
https://dspace.mit.edu/handle/1721.1/56251


The rationale of “portability” of atoms was based on the theory of metastable metallic hydrogen 

http://news.harvard.edu/gazette/story/2017/01/a-breakthrough-in-high-pressure-physics/

Ranga Dias, Harvard (in the
Laboratory of Isaac Silvera)

http://news.harvard.edu/gazette/story/2017/01/a-breakthrough-in-high-pressure-physics/


https://dspace.mit.edu/handle/1721.1/562512006

Swap “atoms” form factor – a different way of thinking about inventory at hand  

12 years ago, the idea was of “portability” of atoms [eg: running your car on (metallic) hydrogen] 

Drive any vehicle – car, ship, plane, rocket 
Use metallic hydrogen in a USB drive form

Think SCM - near-zero inventory of fuel, the weight of fuel,
inventory carrying cost and energy used to carry inventory 

Swap it anywhere to replenish

https://dspace.mit.edu/handle/1721.1/56251


Swap “atoms” form factor – a different way of thinking about a typical taxi ride  

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf

http://map.mathshell.org/download.php?fileid=1706

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf


www.teslarati.com/tesla-model-s-weight/

72 lb @ 6 lb/gal

1323 lb

How much energy (inventory) 

and weight of energy (gas or 

battery) is a vehicle carrying      

for an average 2.6 mile trip?

http://www.teslarati.com/tesla-model-s-weight/


Swap “atoms” form factor – a different way of thinking about a typical taxi ride  

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf

http://map.mathshell.org/download.php?fileid=1706

1300 lb battery for a 2.6 mile trip?

http://www.nyc.gov/html/tlc/downloads/pdf/2014_taxicab_fact_book.pdf


www.teslarati.com/tesla-model-s-weight/

72 lb @ 6 lb/gal

1323 lb

10 gram Hydro-Stick
(Shoumen Datta, 2017)

Change the equation!

http://www.teslarati.com/tesla-model-s-weight/


https://qz.com/1001518

Ch
an

ge
d 

th
e 

eq
ua

tio
n!



https://qz.com/1001518

Ch
an

ge
d 

th
e 

eq
ua

tio
n! SWAPPABLE ATOMS



Energy
Design Metaphor

“Swappable Atoms”
Atoms to Bits

1942 ABC



The form factor of energy and its source for transportation 
may undergo many radical metamorphoses because one 

solution may not suit all the different type of needs.          
Tesla’s approach may be overdue for an overhaul.

New ideas. New solutions. New engineering.

TRANSLATIONAL ENGINEERING

Swap “atoms” form factor – Hydro-Stick of metallic Hydrogen is not a panacea  



5 MB hard drive being shipped out of IBM (1956)



IBM 5 MB hard drive transported by PanAm (1956)



2TB credit card size HD is not made by IBM (2015) 



From EV to FCV ??
Hydrogen Fuel Cell Vehicle in 2020’s



20
12

 U
S$

 /
 k

W
h



10.1073/pnas.1711493114 and http://newscenter.lbl.gov/2017/09/18/copper-catalyst-yields-high-efficiency-co2-fuels-conversion/

Copper Nanoparticles Catalyze Conversion of Carbon Dioxide to Multi-Carbon Alcohols 



www.rsc.org/suppdata/c7/ee/c7ee01764b/c7ee01764b1.pdf - DOI 10.1039/C7EE01764B

http://www.rsc.org/suppdata/c7/ee/c7ee01764b/c7ee01764b1.pdf
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Column1Transaction Cost Economics – The Micro-Revenue Revolution  
$ 

BI
LL

IO
N

S

Revenue

9.25

8.03

6.73

5.99

4.5

3.51

3.0

2.6

2.2

1.5

1.1
0.75

0.5

0.08

Pay Per Use – Car batteries, Jet Engines, Insurance



Farmer pays 1 penny each 
time she checks for salinity 

in her rice field zone AB
Vast number of low cost sensors as a pervasive part 
of our existential fabric, offered a very lost cost to 

penetrate, globally, and improve quality of life



My mobile phone will 
be my purchasing tool

http://bit.do/PURCHASING-TOOL
Median Age
DE / JP – 46
Belgium – 43
DK / FR – 42
CAN / UK – 41
US / CN – 37
India – 27
Niger – 15

Digitalization Morphs Behavior? 

http://bit.do/PURCHASING-TOOL


The Final Frontier ?
Mobile Africa ?



Where are the future markets?

Median age by country (CIA World Factbook 2014)

11 million children die each year from preventable causes. 70% of deaths are due to 6 diseases. 
The mortality is concentrated in ten countries, mostly in the Sub-Saharan region of Africa.





If you flood the Sahara – think Suez Canal, Panama Canal, Euro Tunnel – the food supply
for Africa will increase and the temperature of the Sahara Desert may decrease by a few
degrees. Perhaps, the latter may reduce the number of hurricanes brewing from Atlantic?

FLOOD THE SAHARA ??



https://io9.gizmodo.com/the-great-sahara-sea-that-almost-was-837206551

What is your role?

Change the World

1874

https://io9.gizmodo.com/the-great-sahara-sea-that-almost-was-837206551


Desalination
Cascade of porous barriers with layers of nano-structured membranes

What if we want to stop the flooding? Close the water gates to the canal

http://news.mit.edu/2017/graphene-high-pressure-desalination-more-productive-0424

http://news.mit.edu/2017/saving-venice-mit-style-0823

http://news.mit.edu/2017/graphene-high-pressure-desalination-more-productive-0424


https://www.nature.com/nnano/journal/v12/n6/pdf/nnano.2017.21.pdf

https://www.nature.com/nnano/journal/v12/n6/pdf/nnano.2017.21.pdf




Diffusion of the Internet - NetDay 1996  

President Bill Clinton installing computer cables with Vice President Al Gore on NetDay at Ygnacio Valley High School (Concord, CA - March 9, 1996)310

http://en.wikipedia.org/wiki/Bill_Clinton
http://en.wikipedia.org/wiki/Al_Gore
http://en.wikipedia.org/wiki/Ygnacio_Valley_High_School


Sign posts on the road ahead?



Productivity Growth Has Slowed Down? It takes about 30 years   

OECD





OXFAM 10.21201/2016.592643

2016 8



OXFAM 10.21201/2016.592643

2016 8

**

*

8-seater Golf buggy



Conference on "Rethinking Macroeconomic Policy," coordinated by Olivier Blanchard, PIIE C. Fred Bergsten Senior Fellow
and Lawrence Summers, Harvard University, member of the Institute’s Executive Committee, on October 12–13, 2017, WDC.

1944

1929

2007 2022

1948

2026



Economic history and data related to Textile, Railway, Automobiles and Computers taken from work by Norman Poire

1771 1825 1886 1939 1977 1991

Industrial Revolution 

1800

Knowledge Driven Economies of Scale 

1853 1913 1969 2005 2020

Ad
op

tio
n

Technology Surfaces

1853 1913 1969 2020 2061 2081

Textile Railway Auto Computer Agents
ML

Nanotech
FCV, CPS
3DP / IoT

1959
AI

Atoms Bits

2010

2040

2100

Cyberwar
Hydrogen

Autonomous
Cars, Fusion

Systems IoS1995
Public

Internet

It takes about 28-30 years for an idea to be socialized before it is accepted and adopted. 
1999 was the birth year for IoT concept. Expect exponential growth of IoS ~ 2025-2026.

2007
Autonomous

Vehicles

2035

Transmutation of the Uncommon - Transaction Cost Economics  

1999

IoT





1190
Two Truths

Theory

Magnetic
Compass

1275

Gutenberg
Press
1440

Galileo
Telescope

1609

James Watt
Steam Engine

1760

Atanasoff
Computer

1939 2105

1361
Italian

Renaissance

1530
Copernican
Astronomy

1687
Newtonian
Mechanics

1859
Darwinian
Evolution

2026

171 years 169 years 157 years 172 years 167 years

165 years 169 years 151 years 179 years 166 years

2015-2030

2090-2120

Technology – Imagination, Invention, Innovation

Social, Cultural and Economic, Paradigm Shift

85 86 79 90 79 78 73 99 80 87 79



https://ia800207.us.archive.org/12/items/scienceendlessfr00unit/scienceendlessfr00unit.pdf

https://ia800207.us.archive.org/12/items/scienceendlessfr00unit/scienceendlessfr00unit.pdf


Fundamentals
GLOBAL DISSEMINATION OF EDUCATION AND DIGITAL LEARNING

You must tune the engine, if you want to polish the chrome.



Moonshot ● https://github.com/chrislgarry/Apollo-11

A moonshot, in a technology context, is an ambitious, exploratory and ground-breaking project undertaken without any expectation of near-term profitability or benefit and also, perhaps, without a full investigation of potential risks and benefits.





The Woman Who Helped Put 
The First Man On The Moon

November 22, 2016 ● The White House

MARGARET HAMILTON
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Margaret Hamilton

https://ngcproject.org/statistics

https://ngcproject.org/statistics


Margaret Hamilton, MIT

November 22, 2016 ● The White House



COMPUTER SCIENCE
http://nces.ed.gov/programs/digest/d12/tables/dt12_349.asp
https://nsf.gov/statistics/2016/nsb20161/uploads/1/nsb20161.pdf

WOMEN

BS
in
CS

1983-84
37.1%

2010-11
17.6%

http://nces.ed.gov/programs/digest/d12/tables/dt12_349.asp
https://nsf.gov/statistics/2016/nsb20161/uploads/1/nsb20161.pdf


5,807 female US high school students took AP Computer Science (15 million students in US HS) 
https://www.census.gov/hhes/school/files/ACS-CPS-CCD_02-18-14.pdf

https://www.census.gov/hhes/school/files/ACS-CPS-CCD_02-18-14.pdf


Doctorates awarded to female candidates (NSF, 2012)

HYPATIA



US Math-Science → Women BS Physics → 1,300 out of 1,000,000 (2011)    

0.13 %
2011

Source: National Center for Education Statistics

Illustration: Stanford University



Fifth Solvay International Conference on Electrons and Photons (Brussels, 1927)

http://bit.ly/1927-SOLVAY-BRUSSELS



Fifth Solvay International Conference on Electrons and Photons (Brussels, 1927)

1
29



Raison d'être

WISE
Women In Science and Engineering



Inequality 



http://bit.ly/GENDER-INEQUALITY

www.worldbank.org/en/topic/socialdevelopment/brief/violence-against-women-and-girls

INDIA

http://bit.do/VAW

http://bit.ly/GENDER-INEQUALITY
http://www.worldbank.org/en/topic/socialdevelopment/brief/violence-against-women-and-girls
http://bit.do/VAW


http://bit.ly/WISE-UP

http://bit.ly/WISE-UP


http://bit.ly/GENDER-INEQUALITY

Der 

wichtigste 

Grund 

http://bit.ly/GENDER-INEQUALITY


http://bit.ly/GENDER-INEQUALITY

http://bit.ly/GENDER-INEQUALITY


Remediable Injustice ?



Women Judges



Judges of European National Courts (2012)



Presidents of Courts & Public Prosecutors (EU-27)





Apple Developers Conference ● Santa Clara Convention Ctr ● March 2014



A Reason To Believe ?



Irrational Exuberance ?

How the cookie crumbles – Women on Street



If you want to sell cars
help build the road

Wenn Sie Autos verkaufen wollen, 
helfen, die Straßen zu bauen 

HELP EDUCATION, SUPPORT RESEARCH AND BE WISE



This document is merely a collection of images which are neither original nor the 

outcome of the author’s research or creativity. The synthesis of existing facts and 

weaving them to suggest future action is one goal. The author has no claim or 

rights over the data, visuals and graphics used in this document. The material is 

sourced from the world wide web and expressly used for the sole purpose of 

advocating confluence of ideas and convergence. This presentation may be 

shared with anyone and disseminated or used for non-commercial or academic 

purposes. Please write to shoumen@mit.edu or sdatta8@mgh.harvard.edu

The education of a boy changes the fate of a man. 

The education of a girl changes the destiny of a 

nation.
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