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How can we catalyze growth of IoT/IIoT services? 

Where may we expect to grow these markets?

What are the attributes required for growth?

Which verticals are ready for digitalization?

When shall we see economic outcomes?

Digital by Design  – IoT is a Design Metaphor
Architecting the Future of Digital Transformation



It is imperative to frame, 
define and ask the correct 

questions
It is not about the answers



Sexy graphic but is it valuable to your question?



Sexy numbers but can they inform your question?



Sexy cluster but is it relevant to your question?



www.healthnewsreview.org/2017/02/md-anderson-cancer-centers-ibm-watson-project-fails-journalism-related

Sexy marketing but can it pollute your question?

http://www.healthnewsreview.org/2017/02/md-anderson-cancer-centers-ibm-watson-project-fails-journalism-related


Hyperbole, Obfuscation, Illusion ← The Drivel → Delivered
Sexy drivel likely to obfuscate your question?



Define key questions for 
any business or vertical. 
May use “framework 5”    
as a reference template.
This is not a panacea. One shoe does not fit all. There is no substitute for vision.



Gustaoception

Tactioception

Audioception

Olfacoception

Ophthalmoception

FIVE INEXTRICABLY LINKED SENSES – BIOINSPIRED THINKING 



Creativity

Community

Content

Context

Connectivity

FIVE INEXTRICABLY LINKED BASICS FOR ECONOMIC GROWTH 



Transparency

Efficiency          

Workforce           

Urbanization           

Digitalization           

FIVE INEXTRICABLY LINKED DRIVERS IN COMMERCIAL WORLD



Understand
Opportunities

Evaluate Services
Models and Tools          

Economics, Scale 
and Business KPI           

Integrate
Implement           

Monitor, Measure
Re-learn, Re-adapt           

FIVE GUIDING PRINCIPLES for ENTREPRENEURIAL INNOVATION 



TCE, EVA, ABM           
of Operations

Data, Connectivity
IT Infrastructure           

Create Platform
Seek Partners           

Change
Organization           

Innovate Business
& Revenue Model           

FIVE FOUNDATIONAL STEPS for ENTERPRISE EVOLUTION



FIVE DATA DEPENDENCIES & DRIVERS IN DIGITAL ENTERPRISE



FIVE DATA RELATED DIMENSIONS TO EXTRACT INFORMATION



FIVE DATA DOMAINS AS DRIVERS FOR GLOBAL DIGITALIZATION



Transparency

Efficiency          

Workforce           

Urbanization           

Digitalization           

FIVE INEXTRICABLY LINKED STEPS - DIGITAL TRANSFORMATION

Manufacturing

Food, Energy, Water

Healthcare

Financials

Security

• Transparency – Connectivity, Physical-Digital Interface

• Efficiency – Robotics, Automation, Algorithms, Analytics

• Workforce – Demographics, Earning Age, Skills, Education

• Urbanization – Retail, Logistics, Transport, Agriculture, Waste

• Digitalization – Service SCM, systems integration, QoS, Metrics 



Important to differentiate 
between facts and fiction 
served by marketing firms

one such example is provided in the next few pages



What is wrong with this illustration?

t



Robotics - A Rising Expectation? Robotics is a fundamental R&D driver!



What’s wrong with this illustration?

Oblivious about the difference between tools, 
platforms, products, designs and outcomes?

There is nothing wrong with the illustration if its sole 
purpose is to serve as a marketing gimmick simply to 

amplify and drive PR using buzz words du jour.



 Illustration = Marketing Gimmick

t

TOOL
PLATFORM
STANDARD

TOOL

PRODUCT
PLATFORM
OUTCOME
SERVICE

SERVICE
PRODUCT

DESIGN

OUTCOME
SERVICE

PRODUCT
PLATFORM
OUTCOME

SERVICE



https://www.epa.gov/sites/production/files/2016-11/documents/final_2016_rei_report.pdf

Where is the imminent e-waste explosion on the hype curve? 
http://itunews.itu.int/en/4850-E-waste-and-the-Internet-of-Things.note.aspx

https://www.epa.gov/sites/production/files/2016-11/documents/final_2016_rei_report.pdf
http://itunews.itu.int/en/4850-E-waste-and-the-Internet-of-Things.note.aspx


If you cannot provide an outcome (product, service) 
then there is nothing to buy. Hence, the absence of 

markets in the absence of desired outcomes.

Demand for outcome generates the strength and 
penetration in a market. Demand may be obvious 

(drinking water in Sahara Desert) or demand may be 
created by introducing unanticipated outcome (iPod).

Markets are about Outcomes



21 January 2017 WSJ



President Obama Administration Outcomes

WSJ



↑ 3.6%

↑ 2.0%

↑ 1.9%

↓ 0.9%

↓ 2.1%

↓ 3.1%

↓ 3.1%

↑ 2.1%

↓ 2.1%
http://www.nytimes.com/2017/01/06/upshot/how-obamas-jobs-record-stacks-up.html

DEM

DEM

DEM

DEM

DEM

*

Unemployment Rate by Presidency (Percent Change)

http://www.nytimes.com/2017/01/06/upshot/how-obamas-jobs-record-stacks-up.html


21 January 2017



Outcome as GDP – US states comparable to countries

www.businessinsider.com/map-renames-us-states-with-country-generating-same-gdp-2016-6

http://www.businessinsider.com/map-renames-us-states-with-country-generating-same-gdp-2016-6




Poor Outcome? Return on Assets (RoA) of US Firms



Poor Outcome? US-based Initial Public Offering Market

21 January 2017



The Practice of the Outcome Economy

The Principles of the Outcome Economy



The Practice of the Outcome Economy

The Principles of the Outcome Economy



https://www.iab.com/insights/iab-internet-advertising-revenue-report-conducted-by-pricewaterhousecoopers-pwc-2/

Ad Revenue Growth for Dominant Platforms

https://www.iab.com/insights/iab-internet-advertising-revenue-report-conducted-by-pricewaterhousecoopers-pwc-2/


If business is synonymous with profitability, it follows that success in the 
context of business outcomes, usually, are driven by the ability to profit. 

What drives profitability? 

Transaction cost 
Outcomes which cannot deliver a higher margin of profit by increasing 
the transaction cost differential are not serving business and industry. 

Markets are about Outcomes



The Nature of the Firm – Transaction Cost

http://bit.ly/COASE-5-PAPERS
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E

http://bit.ly/COASE-5-PAPERS


Holy Grail – All Roads Lead to Digital Transformation

Digital Transformation - Reduce Transaction Cost?



Digital Transformation – Data, Analytics and Innovation

Data, Analytics, Innovation - Reduce Transaction Cost?



Digital Footprint at the Edge: Reduce Transaction Cost?

Soltani (2014) GAO-16-659SP

Digital Bread Crumbs? Data, Analytics and Innovation



Digital Storage/Distribution - Reduce Transaction Cost?

Digital Diaspora – Data, Analytics and Innovation



Total Number of Top Web Sites Hosted (000’s)

Total Number of Co-Location Data Centers
GAO



US GAO - Digital Transformation Opportunities from Data, Analytics and Innovation (DAI)  



Digital Transformation – Industrial Internet of Things 

Increase Business Profit - Reduce Transaction Cost?



Digital Transformation – People and Consumer centric 

Who will reap the profit if we reduce transaction cost?



Improve Quality of Care and Reduce Transaction Cost?

Digital Transformation in Healthcare Data 1997-2013 



Digital Health – Prevention, People and Patient-centric 

Critical need in healthcare to reduce transaction cost



US Healthcare: A Losing Battle? Bad Habits Die Hard 



www.ncbi.nlm.nih.gov/pubmed/5339699

http://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2548255

www.nytimes.com/2016/09/13/well/eat/how-the-sugar-industry-shifted-blame-to-fat.html?_r=0
www.npr.org/sections/thetwo-way/2016/09/13/493739074/50-years-ago-sugar-industry-quietly-paid-scientists-to-point-blame-at-fat

http://www.ncbi.nlm.nih.gov/pubmed/5339699
http://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2548255
http://www.nytimes.com/2016/09/13/well/eat/how-the-sugar-industry-shifted-blame-to-fat.html?_r=0
http://www.npr.org/sections/thetwo-way/2016/09/13/493739074/50-years-ago-sugar-industry-quietly-paid-scientists-to-point-blame-at-fat


How Sugar is Killing Us



Digital Transformation ↑ Patient-centric Healthcare 

Potential for savings from reducing transaction costs?

GAO-16-659SP



Transaction Cost
example of yet another dimension from Yale Law School

Understanding the principle of transaction cost economics 



Cost of FBI surveillance of 325,000 individuals from 7 nations for 4 weeks 

$60 BILLION



Cost of FBI surveillance of 325,000 individuals from 7 nations for 4 weeks 

$23 BILLIONIMSI-catcher is a eavesdropping device to intercept
mobile phone traffic and track mobile phone users.



Cost of FBI surveillance of 325,000 individuals from 7 nations for 4 weeks 

$2 BILLION

GPSIMSIC



Cost of FBI surveillance of 325,000 individuals from 7 nations for 4 weeks 

$8 MILLION

$0.04/hr



Digital Surveillance – Reduced Transaction Cost 
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$60 billion

$8 million

100X

http://yalelawjournal.org/forum/tiny-constables-and-the-cost-of-surveillance-making-cents-out-of-united-states-v-jones
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$60 billion

$8 million

Digital Surveillance { You Talk We Listen – NSA } 

$60 BILLION  - for 325,000 targets over 4 weeks

$8 MILLION  - for 325,000 targets over 4 weeks

http://yalelawjournal.org/forum/tiny-constables-and-the-cost-of-surveillance-making-cents-out-of-united-states-v-jones


Digital Surveillance – Please download the app  

“ The Kil ler App ”



Digital Transformation – Reduce Transaction Cost 

6875 x

$0.04/hr



Transaction Cost
for public goods – healthcare – save lives

Application of the principle of transaction cost economics 



Markets want outcomes and solutions, not numbers

CONVERGE ON ONE PLATFORM ?

Platform and interoperability reduce transaction cost?



Leading causes of death in the USA

1. 597,689 Heart Disease
2. 574,743 Cancer
3. 138,080 Chronic lower respiratory diseases
4. 129,476 Stroke
5. 120,859 Accidents
6. 83,494 Alzheimer’s disease
7. 69,071 Diabetes
8. 56,979 Influenza &Pneumonia
9. 47,112 Kidney diseases
10. 41,149 Suicide

www.cdc.gov/nchs/fastats/deaths.htm

http://www.cdc.gov/nchs/fastats/deaths.htm


● 2010 ● OIG HHS bad hospital care deaths about 180,000 patients in Medicare alone in a year

1999
IOM report

98,000
deaths due to error

210,000 – 440,000 deaths

2013 Dr Julian Goldman



400,000 deaths due to medical mistakes – shared with the US Senate



Third Leading cause of death in the USA ?

1. 597,689 Heart Disease
2. 574,743 Cancer
3. Deaths Due to Medical Errors (180,000 - 210,000 - 440,000)
4. 138,080 Chronic lower respiratory diseases
5. 129,476 Stroke
6. 120,859 Accidents
7. 83,494 Alzheimer’s disease
8. 69,071 Diabetes
9. 56,979 Influenza &Pneumonia
10. 47,112 Kidney diseases
11. 41,149 Suicide

Equivalent to at least one 747 airplane crash every day



www.mdpnp.org

http://www.mdpnp.org/


Markets want outcomes and solutions, not numbers

CONVERGENCE ON A PLATFORM

Platform interoperability - reduces death due to errors



Interoperability EnginesAnalytics, Services

Health, Energy, Transport, FinTech

OUTCOME
METRICS



Why Convergence of Organized Complexity is essential for Trans-disciplinary Actuation Spectrum

https://image-store.slidesharecdn.com/071b3c80-ab9b-4c3d-bd51-ea8131120566-original.jpeg

https://image-store.slidesharecdn.com/071b3c80-ab9b-4c3d-bd51-ea8131120566-original.jpeg


www.technologyreview.com/s/531911/isaac-asimov-asks-how-do-people-get-new-ideas/

http://www.technologyreview.com/s/531911/isaac-asimov-asks-how-do-people-get-new-ideas/


www.technologyreview.com/s/531911/isaac-asimov-asks-how-do-people-get-new-ideas/

Let us focus on the last line (below) … let us explore the world to find markets of the future … 

http://www.technologyreview.com/s/531911/isaac-asimov-asks-how-do-people-get-new-ideas/


Lower transaction cost
may reduce barriers to reach affordable market of billions



What may these 5+ billion people want and what can they afford to pay ? 



1% share of this market of 5+ billion people is about 50 million customers 

M5 cities offer a market of more than 100 million 



Real GDP Per Capita and Share of Global Population (2011)

Serve these people based on proselytizing from these pundits ? 



Now re-think, review and 
re-evaluate the meaning of 
entrepreneurial innovation 
in the context of people & 

feasible transaction cost for 
solutions, not technologies.

And understand why HBR and other similar “august” 
journals are Neanderthalic relics of rubbish opinions  

www.oxford-review.com/the-big-difference-between-the-oxford-review-and-the-harvard-business-review-1/

http://www.oxford-review.com/the-big-difference-between-the-oxford-review-and-the-harvard-business-review-1/


Where will the “needle” move? Where it is driven by the fertility rate!  

FERTILITY RATE



FERTILITY RATE

Billions will need (think business) all the basics but NOT in the same form  

Countries – Mobile money accounts 
outnumber traditional bank accounts







These countries seek solutions not found on the pages of HBR  

POPULATION DEFECATING IN THE OPEN



Solutions with micro-pay-per-use revenue models will profit   



These countries seek solutions to feed billions  



But may not follow the Gartner Path or Forbes Foibles  



These countries seek healthcare for different problems  

Lymphatic Filariasis



11 million children die each year 
in 10 countries mostly from 6 
preventable causes (diarrhea, 
malaria, neonatal infection, 

pneumonia, preterm delivery, 
and lack of oxygen at birth).

Healthcare and Medical Internet of Things (MIoT)
https://dspace.mit.edu/handle/1721.1/107893

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


This modus operandi from 1920 



May be reflected in 2020 



Lesson – What The New World Does NOT Need



Lesson – What The New World Needs



Many roads … different paths … affordable outcomes



From the Past               
For the Future

Transport



Travel Behavior, Transport 
and Autonomous Vehicles



Humans, like animals, 
are territorial, naturally.

Anthropological studies suggest that there appears to 

a mean traveling time per day (aka exposure time), 

when multiplied by mean speed of movement (an 

animaI) it fixes a distance or a range or territory.

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


How long is the human 
exposure time aka 

territory?

1-hour
Yes, of course, there are exceptions and deviations 

from the hour rule which fuels transport innovation



How far can you travel in
1-hour

5 km if you are walking
25 km if you are in public bus

50 km if you are in a private vehicle
500 km if you are transported by the Hyperloop



Each way commute time is 
30 min. Thus, total exposure 

1-hour
5 km (1800’s) all in a small compact village/town
25 km (1950’s) if your office is located downtown
50 km (2000’s) if you live in the sprawling suburbs

500 km (2050’s) you use the Hyperloop to the office



From horse drawn coaches, electric trams to Hyperloop: mean travelling time per day is 1 hr

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


Travelling Time Per Day in select global cities exceed Marchetti’s Constant (1 hr) 



Marchetti’s constant, a sturdy observation that humans since the Paleolithic Era have 

always lived roughly 30 minutes from their work even as transport tech evolved from 

bare feet to carriage to train to automobile. Current commute times of 90-120 minutes

will be changed by Hyperloop. Innovation in transport reverts exposure time to 1 hour.

What can Hyperloop do for these travel times?

http://en.wikipedia.org/wiki/Marchetti's_constant




Can Hyperloop impact the 2-bedroom housing wage?

http://nlihc.org/oor

http://nlihc.org/oor


California Commutes
are 80km or 50miles
Approx 1-hour drive

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable



Bay Area Commutes
are 80km or 50miles
Approx 1-hour drive

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable



80 km or 50 miles approx 1-hour drive

http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable



http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0166083&type=printable

https://phe.rockefeller.edu/green_mobility/

https://en.wikipedia.org/wiki/Marchetti's_constant

www.surveyarchive.org/Zahavi/TravelTime_Budgets.pdf

https://phe.rockefeller.edu/green_mobility/
https://en.wikipedia.org/wiki/Marchetti's_constant
http://www.surveyarchive.org/Zahavi/TravelTime_Budgets.pd
http://www.surveyarchive.org/Zahavi/TravelTime_Budgets.pdf


Mean Speed (30 mph) has not changed since Henry Ford’s times. The use 
of cars (10,000 miles per year or about 1 hour per day) is still the current 
average for calculating vehicle use by auto insurance companies in the US

www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


The next logistics evolution - 13 km long - Bridge Africa with Eurasia

111



The next logistics evolution – 13 km long – Why delay the construction?



Kouvola to Beijing - TRANS-SIBERIAN / TRANS-MONGOLIAN RAIL 
The next logistics revolution – South Africa connects to China

113



www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf

http://www.cesaremarchetti.org/archive/electronic/basic_instincts.pdf


https://en.wikipedia.org/wiki/Pneumatic_tube_mail_in_New_York_City
http://www.pbs.org/newshour/updates/is-traveling-on-hyperloop-a-ticket-to-puke-city/
https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
http://www.theatlantic.com/technology/archive/2013/08/that-time-people-sent-a-cat-through-the-mail-using-pneumatic-tubes/278629/

Hyperloop started 1897 
by the NY Postal Service 

https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
https://www.yahoo.com/style/bp/hyperloop-inspired-100-years-ago-pneumatic-tubes-cat-204600601.html
http://www.theatlantic.com/technology/archive/2013/08/that-time-people-sent-a-cat-through-the-mail-using-pneumatic-tubes/278629/


http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf

1997 - Prediction by Schafer and Victor (MIT)
By 2050, automobiles will supply less than two fifths of global volume

Share of High Speed Transport in 2050 = 41%

http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf


There are many others steps and stations ahead 



Autonomous Cars?

What happens to 
them in 2050 ?



Autonomous  Vehicles
Let us explore the journey on the road ahead







NYC
1900

NYC
1913

This happened in 13 years! We will have autonomous cars in a couple years. 
Correct? 



Telecommunications - Fixed Broadband by Country

N u m b e r  o f  h o u s e h o l d s  ( m i l l i o n s )



US Internet Use at Home by Income

http://digitaledition.technologyreview.com/technologyreview/january_february_2017?sub_id=hNVmoSnEIMeF&pg=92#pg92 MIT Technology Review (Jan-Feb 2017)

http://digitaledition.technologyreview.com/technologyreview/january_february_2017?sub_id=hNVmoSnEIMeF&pg=92%23pg92


USA Mobile Broadband Plan 10GB=$85/month (2% GNI per person)

www.economist.com/blogs/graphicdetail/2013/10/daily-chart-5
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx

http://www.economist.com/blogs/graphicdetail/2013/10/daily-chart-5
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx


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 



US
EU

What may be the key trigger for mass adoption of autonomous vehicles?

US
EU

SIX ORDERS OF MAGNITUDE DECREASE IN COST FOR MOBILE 5G DATA

$12.41 million per car per year 

$38.40 million per car per year 

$12.41 million per car per year 

$38.40 million per car per year 



Do you think data usage will be limited to 4,000GB/day or 1.44PB/year?

US
EU

6 ORDERS OF MAGNITUDE DECREASE IN COST + 10-FOLD DATA INCREASE

US
EU

$12.41 million per car per year 

$38.40 million per car per year 

$124.10 millionper car per year 

$384.00 millionper car per year 



US
EU

In reality expect 1000-FOLD INCREASE in DATA for autonomous vehicles

Today’s estimate of autonomous vehicle data

By 2020, estimate of autonomous vehicle data

$12,410 millionper car per year 

$38,400 millionper car per year 



US
EU

You earn €35K pa. Can you afford to pay €35K pa for your car’s data plan?

€35K

$53K US
EU

$12,410.00 milliper car per year 

€35,600.00 milliper car per year 

Do you want to own a car or share? At what cost will your autonomous car’s data plan fit your 
budget? 2% of GNI per person? Can technology & economy drive down the cost to that level?

GNI per capita

GNI per capita



US
EU

Where is the tipping point for autonomy in freight transport if €35,600 
per year is a estimate for (personal use) a private vehicle’s data plan?

€35K

$53K US
EU

$12,410.00 milliper car per year 

€35,600.00 milliper car per year 

Countries where cost for transport driver is below €35,600 pa 

www.cnr.fr/en/CNR-Publications/2016-social-synthesis-of-CNR-s-European-studies

GNI per capita

GNI per capita

http://www.cnr.fr/en/CNR-Publications/2016-social-synthesis-of-CNR-s-European-studies


If you live in the EU when will you be able to afford your car’s data plan?





How long it may take for creative destruction and cannibalization to      
restructure the global auto industry employing ~50 million people? 

www.oica.net/category/economic-contributions/auto-jobs/

http://www.oica.net/category/economic-contributions/auto-jobs/


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)



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/


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.

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



ISAAC ASIMOV

Swap “atoms” form factor – a different way of thinking about mobility of matter  



Why the Internet of Things 
is not only about “Things”

IoT is a design metaphor
IoT needs identity of things

IoT is identification of things

The NEW normal – SERVICES – not “things”



http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf

1997 - Prediction by Schafer and Victor (MIT)
By 2050, automobiles will supply less than two fifths of global volume

Share of High Speed Transport in 2050 = 41%

http://pure.iiasa.ac.at/5297/1/RR-97-13.pdf


Problems at hand





PR about Autonomous Vehicles 



Routing Auto-Dispatch Range Analytics

PR about Autonomous Vehicles



Autonomous Vehicles

May start to become useful 2035-2040



INFRA-STRUCTURE
TELECOMMUNICATION, ENERGY and OTHER SERVICES

Autonomous Vehicles need



Transforming Vision into Reality

Purpose
Thoughts

What was I thinking?



Value of Digital Transformation is guided by Outcomes



Stupidity of PR, Marketing, Messaging – Cherry on Top



Slap-on Sensors plus Plug-n-Play 
Starter Kits – IoT Business Model

Creating an Illusion of Easy, Quick, Shrink-Wrapped ROI  



Slap on a RFID tag and harvest ROI 
164



1977
RCA develops 
"Electronic 
identification 
system"

RFID  Radio Frequency Identification 
1940 1950 1960 1970 1980 1990 2000

RFID born out of 
Radar effort (WWII)

RFID crawls out Theory of RFID, field trials 
planned

Early adopters implement 
RFID

Commercial RFID 
endeavors sprout

Many RFID standards 
emerge

1948
Harry Stockman 
invents RFID. 
Publishes paper,
“Communication 
by Means of 
Reflected Power”

1952
F.L. Vernon
“Application of 
the microwave 
homodyne”

1950
D.B. Harris 
patents RFID.
“Radio 
transmission 
systems with
modulatable 
passive 
responder”

1963-1964
R.F. Harrington 
advances theory 
with “Field 
measurements 
using active 
scatterers” and
“Theory of 
loaded 
scatterers” 1975

Los Alamos 
National Lab (LANL) 
releases RFID
research to public 
sector, publishes 
“Short-range radio-
telemetery
for electronic 
identification using 
modulated 
backscatter”

1973
Raytheon's "Raytag" 

1966
Commercialization 
of EAS, 1-bit 
Electronic Article
Surveillance

1976-1977
LANL RFID spin-
offs Indentronix 
and Amtech 

1975-1978
Raytheon, Fairchild 
& RCA develop RFID 

1982
Mikron founded;
bought by Philips

Partial Source: Shrouds of Time – The History of RFID

1991
TI creates TIRIS 
to develop and 
market RFID

Vast number of RFID 
companies and ‘short-

sight’ enters the 
market.

1987
First RFID road 
toll collection 
implemented
in Norway

1992-1995
Multi-protocol 
traffic control and 
toll collection 
implemented in 
Texas, Oklahoma, 
and Georgia (USA)

1959
Identification of 
Friend or Foe 
(IFF) long-
range 
transponder
system reaches 
breadboard 
demonstration 
stage.

RFID hype, peaks

Modified from: Han Pang Huang, National Taiwan University

2003
UPC and EAN
forced by US 
retailers to
promote EPC

1998
David Brock and 
Sanjay Sarma of 
MIT publishes an 
idea: ‘Internet of 
Things’

1999
Auto ID Center 
created at MIT. 
Retailers drive to 
standardize EPC

2005
Wal-Mart and
US DoD fuels
the hype curve
by demanding
suppliers use
passive RFID
and EPC.



Statistically documented discontinuity can be traced to critical engineering

and organizational advances connected with the electrification of industry. 

These developments marked the culminating phase in the diffusion of the

“dynamo” as a general purpose technology that enabled significant

fixed-capital savings, while simultaneously increasing labor productivity.

A narrow technological explanation of the post-WWI industrial productivity

surge proves to be inadequate. It neglects the concurrence of those

developments with important structural changes in US labor markets

and fails to do justice to the significance of complementarities that

emerged between managerial and organizational innovations and the

dynamo-based factory technology, on the one hand, and, on the other,

between both forms of innovation and macroeconomic conditions of 1920’s.

The Economic Future in Historical Perspective
Paul A. David and Gavin Wright in The Economic Future in Historical Perspective (Oxford University Press, 2003)



The Economic Future in Historical Perspective

Paul A. David and Gavin Wright in The Economic Future in Historical Perspective (Oxford University Press, 2003)

Slow pace of adoption prior to the 1920’s was attributable largely to the lack of 
profitability of replacing still serviceable manufacturing plants adapted to the old 
regime of mechanical power derived from water and steam. Coexistence of older and 
newer forms of capital often restricted the scope for exploiting electricity’s potential. 
Prior to 1920, the group drive system of within-plant power transmission remained in 
vogue. With this system (in which electric motors turned separate shafting sections, so 
that each motor drove related groups of machines) primary electric motors often were 
merely added to the existing stock of equipment. With the favorable
investment climate of the 1920’s, firms had the opportunity to switch from group
drive to unit drive transmission, where individual electric motors were used to run
machines and tools. Advantages of the unit drive extended well beyond savings
in fuel and in energy efficiency. They also made possible single-story, linear factory
layouts with reconfigured machine placement permitting flow of materials through
the plant that was both more rapid and more reliable. Rearrangement of the factory
contributed to cost savings in materials handling operations.



GARTNER

HYPE > Smart Objects in Real-time Adaptive Supply Network
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RFID (tagged objects in CPG) Predicted vs Actual 
800

0

400

2002 20092003 2004 2006 2007 2008

40

10

20

30

0

Number of
CPG items

tagged
(billions)

Number of
CPG items

tagged
(billions)

2001 20212010

2005

Field tests

Reusable asset tagging
Trade unit tagging Item

tagging
50

www.idtechex.com/research/reports/rfid-forecasts-players-and-opportunities-2016-2026-000451.asp

~10 billion 
RFID tags 

shipped in 
2016

600 billion
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http://www.idtechex.com/research/reports/rfid-forecasts-players-and-opportunities-2016-2026-000451.asp


Dé jà vu
IoT



Digital Germany in 2016



Telecommunications Market

US$ 1.3 TRILLION







Humans Abhor Latency



It Takes Time
Digital Objects Management

Digital Operations Management

Digital Supply Chain Management

Digital Service Lifecycle Management

Digital Customer Relationship Management

Digital Certification for Security, Privacy, Authentication



IoT Design Metaphor - Contextual Content Connects on Interoperable Platforms



Why it takes time
to transform paradoxes to paradigms



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
DLV, CPS
3DP / IoT

1959
AI

Atoms Bits

2010

2040

2100

IoT → IIoT
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



How to turn Problems  
to Profitable Solutions



SPA

Security (cybersecurity)

Privacy (identity)

Authentication

Please remind yourself about these two quotes – great opportunities are often brilliantly disguised
as impossible situations and catastrophies or problems are immense opportunities in work clothes.

What is slowing down the pace of progress in diffusion and adoption of IoT and IIoT ?  



Cybersecurity was not conceived during the development of Industrial Control Systems 

Supervisory Control and Data Acquisition Systems and Programmable Logic Controllers  



OTIT
Distributed Control Systems – IT vs OT Chasm



OT

DEVICE

IT
Distributed Control Systems



OT

DEVICE

IT
Distributed Control Systems



27%

32%

Systems Under Constant Attack



Unsecured
Connections

Unsecured
Software

Origins of Potential Threat



Biggest Issue - SecurityRisk for Systems and Vulnerable Targets 



Identification, Identity and Security Steps



Device Certificates at Layer 0

Run Trusted/Signed/Certified Code
Host Intrusion Prevention System (HIPS)
Host Intrusion Detection System (HIDS)

Perforations in Digital “shrink wrap”

Mitigating Threats and Attack



Network Understanding Networks to Prevent Attack



Every human, every object, 
every piece of data needs 
personal security agent(s)

CYBERSECURITY
http://bit.ly/IOT-MIT

https://www.nist.gov/sites/default/files/documents/2017/01/30/draft-cybersecurity-framework-v1.1.pdf

https://www.healthit.gov/sites/default/files/Draft_White_Paper_PGHD_Policy_Framework.pdf

http://bit.ly/IOT-MIT
https://www.nist.gov/sites/default/files/documents/2017/01/30/draft-cybersecurity-framework-v1.1.pdf
https://www.healthit.gov/sites/default/files/Draft_White_Paper_PGHD_Policy_Framework.pdf


http://www.symantec.com/content/en/us/enterprise/media/security_response/whitepapers/targeted_attacks_against_the_energy_sector.pdf

VSAT

The transmutation of “sexy” in the 21st Century !!

http://www.symantec.com/content/en/us/enterprise/media/security_response/whitepapers/targeted_attacks_against_the_energy_sector.pdf


10,500 small dish satellite systems vulnerable to cyber attacks

http://www.computerworld.com/article/2475789/cybercrime-hacking/hackers-exploit-scada-holes-to-take-full-control-of-critical-infrastructure.html

http://www.computerworld.com/article/2475789/cybercrime-hacking/hackers-exploit-scada-holes-to-take-full-control-of-critical-infrastructure.html




https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052027/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052027/


Personal Security Agents / Unique  Digital ID
Security and privacy are linked, in many instances, for individuals and for personal data (eg health)

Sam
 M

adden, 2013





Immense Market Growth  
& Business Opportunities

FOOD, ENERGY, WATER, HEALTHCARE, TELCO, TRANSPORT, FINTECH
http://bit.ly/IOT-MIT

http://bit.ly/Amorphous-Certainties

https://www.whitehouse.gov/sites/default/files/microsites/ostp/ostp_exit_memo_final.pdf

R&D Investment in Science and Engineering

http://bit.ly/IOT-MIT
http://bit.ly/Amorphous-Certainties
https://www.whitehouse.gov/sites/default/files/microsites/ostp/ostp_exit_memo_final.pdf


Dr Alain Louchez, Managing Director, Georgia Institute of Technology, Atlanta, Georgia
Center for the Development and Application of Internet of Things Technologies (CDAIT) 



Dr Alain Louchez, Managing Director, Georgia Institute of Technology, Atlanta, Georgia
Center for the Development and Application of Internet of Things Technologies (CDAIT) 





CHANGE
FOR

GOOD?

GO
WHERE

THE
MONEY
LEADS?

NEW
SOCIAL

ENGINEERS
INFECTING
FINLAND?

CULTURE
CHANGES?



IS ORGANIZATIONAL CULTURE A PREDICTIVE TOOL ??
Both taken 45 min before inaugural oath2009 Presidential Inauguration 2017 Presidential Inauguration



Exemplar  

Dignity 



Dr Shoumen Palit Austin Datta

MIT Auto-ID Labs, Research Affiliate, Department of Mechanical Engineering, Massachusetts Institute of Technology ● shoumen@mit.edu

Senior Scientist, MD PnP Lab, Partners Healthcare, Massachusetts General Hospital, Harvard Medical School ● sdatta8@mgh.harvard.edu

mailto:shoumen@mit.edu
mailto:sdatta8@mgh.harvard.edu
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