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Fundamentals
ELUSIVE QUEST FOR EDUCATION



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


You want to make money ?



Dreaming about the digital supply chain ?





It may never happen if we do not educate women in science and engineering (WISE)



Twitter-ionic Education ?



Tweet 
pour de bon



Twitter Data Analytics from Geo Tagged Social Signals      
Dr Monica Stephens

Humboldt State University



WISE – opportunity cryptic in catastrophy ?



Raison d'être



http://bit.ly/GENDER-INEQUALITY

Der 

wichtigste 

Grund 

http://bit.ly/GENDER-INEQUALITY


If you want to sell cars
help to build the 

roads

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



Ask not what IoT can do for you

Ask what you can do for IoT
support WISE, educate women in STEM





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


Causality
significant correlation?



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


Ask not what IoT can do for you

Ask what you can do for IoT
to reduce deaths due to fall



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
47



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

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

48



HERMES AWARD 

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



Ask not what IoT can do for you

Ask what you can do for IoT
to reduce onset of osteoporosis



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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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


Demand for healthcare
expected to grow in volume and acuity
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US 17.5% GDP
$ 3.5 TRILLION

www.cbo.gov/topics/health-care



Projected US Population - 2012 to 2050 (in thousands)

Is the US healthcare cost sustainable? In 2015, almost $3 trillion or equivalent to 17.5% of US GDP 

https://www.census.gov/prod/2014pubs/p25-1140.pdf

https://www.census.gov/prod/2014pubs/p25-1140.pdf


US Demographics Age & Sex predictions for 2030-2050
https://www.census.gov/prod/2014pubs/p25-1140.pdf

https://www.census.gov/prod/2014pubs/p25-1140.pdf


Imminent Changes in the US Dependency Ratio (1940-2050) 

● https://www.census.gov/prod/2014pubs/p25-1140.pdf

https://www.census.gov/prod/2014pubs/p25-1140.pdf


In 2013, more than 8.4 million surgeries performed in the US

www.cdc.gov/nchs/hus/contents2015.htm#096 ● www.newyorker.com/magazine/2015/05/11/overkill-atul-gawande

http://www.cdc.gov/nchs/hus/contents2015.htm%23096
http://www.newyorker.com/magazine/2015/05/11/overkill-atul-gawande


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



Ask not what IoT can do for you

Ask what you can do for IoT
to reduce deaths due to medical errors



03 - HEALTHCARE
http://autoid.mit.edu/iot_research_initiative

Or please go to http://bit.ly/AIDL-SD and find the URL linked to IoT. 

On the IoT page please find zipped folder “REVIEW IOT” middle of 

the page. Inside zipped folder please find the pdf 03-Healthcare

Dr Shoumen Datta ● shoumen@mit.edu

http://autoid.mit.edu/iot_research_initiative
http://bit.ly/AIDL-SD
mailto:shoumen@mit.edu


Food is essential to Health



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



Ask not what IoT can do for you

Ask what you can do for IoT
to reduce food waste
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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
80



DISPOSE

INSPECT

DISPOSE

ISSUE

2003
81



RFID + Temperature Sensor ● Convergence of Systems



Ask not what IoT can do for you

Ask what you can do for IoT
to monetize connectivity and convergence





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


Productivity Growth Has Slowed Down? It takes about 30 years   

OECD



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



Eine neue wissenschaftliche Wahrheit pflegt sich nicht in 

der Weise durchzusetzen, dass ihre Gegner überzeugt

werden und sich als belehrt erklären, sondern vielmehr

dadurch, dass die Gegner allmählich aussterben und dass

die heranwachsende Generation von vornherein mit der 

Wahrheit vertraut gemacht ist. (Max Planck)

A new scientific truth does not, generally speaking, succeed because the opponents are 
convinced or declare themselves educated, however because they die and the new 
generations from the beginning learn about it as the truth. (Max Planck)

Transmutation of the Uncommon - The Dead Weight of Old Technology?  
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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
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Ask not what IoT can do for you

Ask what you can do for IoT
in order to profit from mass monetization 



MICRO-REVENUE
from each distributed point of contact



PAY-PER-ANALYTICS  Depending on QoS outcome?
Who will you pay? Who will bill? Who guarantees QoS?  

02/21/2014

US $50 MILLION



PAY-PER-ANALYTICS model in a SERVICE ECOSYSTEM ?  

WHO WILL 
RECEIVE HOW MUCH
OF THE PAYMENTS ?

HOW DO YOU
KNOW SERVICE

WAS DELIVERED ?

CUSTOMER
PAYS ONLY FOR QUALITY 
OF SERVICE DELIVERED

WHO INTEGRATES
THE END-2-END 

SERVICE PLATFORM?



Sets, Subsets, Identification, Relation, Data – Unique Digital Ledger Entry

PAY-PER-INSTANCE from PoC in SERVICE ECOSYSTEMS  



WHO WILL 
RECEIVE HOW MUCH
OF THE PAYMENTS ?

HOW DO YOU
KNOW SERVICE

WAS DELIVERED ?

CUSTOMER
PAYS ONLY FOR QUALITY 
OF SERVICE DELIVERED

WHO INTEGRATES
THE END-2-END 

SERVICE PLATFORM?



Shelf

B/A Value-Pack Present

Plan-o-gram Compliance 

Receiving Personnel

Store Identifier

Distribution Center 

Transportation Zone

Distribution Planning

Goods Receipt

3PL

Manufacturer

DVD Disc

DVD Case

DVD Item

CD Book+Soundtrack

XBOX GAME

GIFT SET

WiMax-WiFi Connect Card

GIFT BOX

GIFT BOX Acrylic Casing

GIFT BOX RFID Tag

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5A

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5B

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5C

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C4D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C3D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE27 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE17 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : EE : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E1 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E2 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E3 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E4 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E5 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E6 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E7 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E8 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E9 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E0 : FE07 : 9B2D

Domains maps for 
who, where, why, when. 
Is it possible with IPv6?
Convergence of object, 
Process, location, people, 
Decision, event, data.

3PL Domain

DC Domain

Store Domain

OEM Domain

Object id Domain

Unique id of every change (in state function) at every instance in a digital ledger (2006) 



Shelf

B/A Value-Pack Present

Plan-o-gram Compliance 

Receiving Personnel

Store Identifier

Distribution Center 

Transportation Zone

Distribution Planning

Goods Receipt

3PL

Manufacturer

DVD Disc

DVD Case

DVD Item

CD Book+Soundtrack

XBOX GAME

GIFT SET

WiMax-WiFi Connect Card

GIFT BOX

GIFT BOX Acrylic Casing

GIFT BOX RFID Tag

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5A

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5B

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5C

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C5D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C4D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9C3D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE28 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE27 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE17 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : FF : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : EE : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E1 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E2 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E3 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E4 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E5 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E6 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E7 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E8 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E9 : FE07 : 9B2D

21DA : D3 : 0 : 2F3B : 2AA : E0 : FE07 : 9B2D

Domains maps for 
who, where, why, when. 
Possible with IPv6 format.
Convergence of object, 
Process, location, people, 
Decision, event, data.

3PL Domain

DC Domain

Store Domain

OEM Domain

Object id Domain

PreBLOCKCHAIN using IPv6?  https://dspace.mit.edu/handle/1721.1/104429

https://dspace.mit.edu/handle/1721.1/104429


Standards-Interoperability

WWW “internet” grew from 
13 million users in 1994 to 
4 billion in 2016, due to set of 
common standards for displaying 
and sharing information. It didn’t 
“just happen” – individuals and 
entities came together (IETF, W3C)
to bridge and help foster standards.

Windhover Principles, CBDC, Chain,
R3CEV, InterLedger, HyperLedger are
efforts (?) in progress for Fintech.
http://bit.ly/MIT-WINDHOVER

w
w

w
.cryptocoincharts.info/coins/info

Healthcare worries in FinTech
3,550 crypto-coins and other 
non-currency applications of 
distributed digital ledgers 
don’t talk to each other!

Why the prelude to
distributed digital ledger
focus on the IPv6 format?

http://bit.ly/MIT-WINDHOVER
http://www.cryptocoincharts.info/coins/info


US NIST CyberPhysical Systems Reference Architecture

https://s3.amazonaws.com/nist-sgcps/cpspwg/pwgglobal/CPS_PWG_Draft_Framework_for_Cyber-Physical_Systems_Release_0_8_September_2015.pdf

www.nist.gov/programs-projects/reference-architecture-cyber-physical-systems

https://s3.amazonaws.com/nist-sgcps/cpspwg/pwgglobal/CPS_PWG_Draft_Framework_for_Cyber-Physical_Systems_Release_0_8_September_2015.pdf
http://www.nist.gov/programs-projects/reference-architecture-cyber-physical-systems


IIoT Reference Architecture from Industrial Internet Consortium (L) and Industrie 4.0 (R)

https://www.iiconsortium.org/IIRA-1-7-ajs.pdf

www.zvei.org/Downloads/Automation/ZVEI-Industrie-40-RAMI-40-English.pdf

CPS, IIoT, IoT

Global Standards

Reference Architectures

Elusive Quest for Interoperability

https://www.iiconsortium.org/IIRA-1-7-ajs.pdf
http://www.zvei.org/Downloads/Automation/ZVEI-Industrie-40-RAMI-40-English.pdf


Disruption



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



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



Transformative Disruptions



Transmutation of the Uncommon creates the Common Sense  

Oren Harari

$/MWH

Unsubsidized

Bloomberg



The Emergence of Distributed Digital Mitochondria – Global Reversal from Smart Grids
Don’t plug the car in your home - Plug the home in your car - Mobile Nano-Grid Energy



Disruptive – Hype by Design ?

Clayton Christensen’s “disruption” is a marketing 
hype. The principles of disruption were distorted 
to create the hype. But, true disruptions do exist. 
They are few and far between (electricity, laser, 
automobiles, internet). The thesis of disruption 
applies to about less than 10% of the examples 
provided in the book The Innovator’s Dilemma. 



The Claytonian Disruption – A Deliberate Deception



http://bit.ly/FABRICATED



The Elusive Quest for Disruption  How To ? 
Think Different - Use different parameter - Type of Questions

Stack Overflow is Q&A site for programmershttp://stackoverflow.com/

http://stackoverflow.com/


Difference in Tag Traffic – MS dominates NYC while Apple, Google in SFO



In engineering parlance, there is a phrase called 'energy under the curve.' This refers to the total  energy output of a 

device—light bulb, acoustic transducer —as measured on a graph across a range of frequencies. While every effort is 

made to maximize the amount of energy output from that device, in the end it's still a finite amount. The key to best 

performance is getting the device to deliver energy that is usable. A light bulb may produce x lumens of energy, but it 

won't do much good if its output is predominately at ultraviolet frequencies that are invisible to the human eye. An 

acoustic transducer (speaker) can be modified to produce more or less energy at different frequencies, but the total 

acoustic energy produced by that specific speaker is finite. The engineers can move the  energy output from one 

frequency region to another, but the 'total energy under the curve' remains the same. The key to a speaker's useful 

performance, of course, is for it to produce its energy at frequencies that are audible and useful to humans, not bats.

The concept of energy under the curve is directly analogous

to an economy's money supply at a given time. Both the energy 

and the money supply are known amounts. The money is going

to be spent by someone (device is going to output its energy). 

The key is for the money to be spent where it has the most benefit 

(light bulb must produce visible light) or customer’s preference.

www.americanthinker.com/2004/09/the_light_bulb_economy.html

The Elusive Quest for Disruption  How To ? 

The principle of total energy under the curve

http://www.americanthinker.com/2004/09/the_light_bulb_economy.html


Abstraction from Principles of 
Natural Laws as Strategic 

Metaphors in Business 

Analogous to bio-inspired systems, such as, ANN.

The principle of total energy under the curve

The Holy Grail – Road to Monetization on The Path Not Taken



TUTORIAL ● www.khanacademy.org/science/physics/work-and-energy/work-and-energy-tutorial/v/work-as-area-under-curve

Work = area under the curve
Work = Change in Energy

Work = fdCosꝊ = mgh = Change in Energy (Joules)

The principle of total energy under the curve

http://www.khanacademy.org/science/physics/work-and-energy/work-and-energy-tutorial/v/work-as-area-under-curve


TUTORIAL ● www.khanacademy.org/science/physics/work-and-energy/work-and-energy-tutorial/v/work-as-area-under-curve

Economic Complexity – Simplicity of the fundamental concept

Work = fdCosꝊ = mgh = Change in Energy (Joules)

The principle of total energy under the curve

Work = area under the curve

http://www.khanacademy.org/science/physics/work-and-energy/work-and-energy-tutorial/v/work-as-area-under-curve


This mad pursuit – template to think differently about 
factors affecting economic complexity and profitability

• Natural Laws govern science an engineering which has generated all ideas 
and tools used in business or industry agnostic of time or geography.

• Can business/industry integrate the design thinking (as metaphors) from 
natural laws to rethink enterprise strategy, development and profitability?

• Abstraction of the principles based on natural laws are fundamental, 
universal and global pillars of knowledge. They are not fake, fabricated or 
artifacts brimming with blither, prattle and twitter, such as, “disruptive” or 
“open innovation” or “intelligent” for self-promotions, marketing and PR.    

• The template is not manufactured to drive consulting billable hours or the 
drivel from 2 X 2 “best practice” dogma advertised in a “magic quadrant”

• Integration of design metaphors based on natural laws with other time-
tested robust principles, such as, transaction cost economics and game 
theory, may generate pragmatic frameworks or principles or practice.

• These frameworks are not expected to be a panacea to serve all verticals 
and solve all dilemma. They may be applicable to a few or many, which 
remains unknown, at this time. Several such frameworks are possible due 
to a plethora of laws and theories in natural science and philosophy.



Rationale for natural laws as design metaphors to guide strategy, innovation and profit 

The principle of total energy under the curve is applicable in many science and engineering 
fields. The first law of thermodynamics governs the conservation of energy. Hence, energy 
can neither be created nor destroyed. Doing work is a change in energy, not a loss or gain.

The rationale is to use energy as a metaphor for money supply. The supply of money in an 
economic scenario is assumed to be constant with respect to the time necessary for a 
business operation (launch of a new product or service). Printing money to boost economy is 
a caveat but the frequency with which it happens makes it less relevant for this scenario.

The amount of money is non-volatile and we know the general distribution of actors who 
may spend how much (predictable / projectable with errors). The latter may indicate market 
capacity for a product/service with an estimated demand (classically untrue). The price 
pattern may be fitted with models or model-free scenarios under certainty and uncertainty. 
Back propagation algorithms may be used to fine tune generative or discriminative models 
by combining different conceptual ideas. http://cs229.stanford.edu/notes/cs229-notes2.pdf

To engineer innovation and profit from models, assumptions and estimates, it is necessary to 
understand the variables/parameters which can be changed to increase your profit even if 
the money supply remains unchanged (total energy under the curve is constant). Studying 
the natural laws and mapping the variables to business metaphors may be one way to use 
nature’s optimization protocols as a compass for business strategy. The quest is to recognize 
those “levers” among business metaphors and specifically enhance those functionalities 
(characteristics/attributes) to improve profitability. Modifying strategic parameters to boost 
profit must also take into account established economic principles, such as, transaction cost. 

http://cs229.stanford.edu/notes/cs229-notes2.pdf


http://news.mit.edu/2016/ligo-first-detection-gravitational-waves-0211 ▪ https://www.ligo.caltech.edu/mit
https://home.cern/about/physics/standard-model ▪ www.prospectmagazine.co.uk/science-and-technology/large-hadron-collider-discovered-graviton

Combine Concepts & Ideas + Theme from The Standard Model

There are four fundamental forces at work in the universe: the strong force, the weak force, the 

electromagnetic force, and the gravitational force. They work over different ranges and have 

different strengths. Gravity is the weakest but it has an infinite range. The electromagnetic force 

also has infinite range but it is many times stronger than gravity. The weak and strong forces are 

effective only over a very short range and dominate only at the level of subatomic particles. 

Despite its name, the weak force is much stronger than gravity but it is indeed the weakest of the 

other three. The strong force is the strongest of all four fundamental interactions.

Three of the fundamental forces result from the exchange of force-carrier particles, which belong 

to a broader group called “bosons”. Particles of matter transfer discrete amounts of energy by 

exchanging bosons with each other. Each fundamental force has its own corresponding boson –

the strong force is carried by the “gluon”, the electromagnetic force is carried by the “photon”, 

and the “W and Z bosons” are responsible for the weak force. Just discovered by the LIGO team, 

the “graviton” is the force-carrying particle of gravity. The “grand unification” is in progress.

http://news.mit.edu/2016/ligo-first-detection-gravitational-waves-0211
https://www.ligo.caltech.edu/mit
https://home.cern/about/physics/standard-model
http://www.prospectmagazine.co.uk/science-and-technology/large-hadron-collider-discovered-graviton


Metaphors in Business Strategy ?

Maxwell-Boltzmann Distribution (Strong)



Principles in Business Strategy ?

Maxwell-Boltzmann Distribution (Strong)

Coasian Transaction Cost (Strong)



Networks in Business Strategy

Maxwell-Boltzmann Distribution (Strong)

Coasian Transaction Cost (Strong)

Granovetterian Embeddedness and Fukuyaman Trust (Long Range)



Four Ideas for Business Strategy?

Maxwell-Boltzmann Distribution (Strong)

Coasian Transaction Cost (Strong)

Metcalfe’s Law (Weak)
Granovetterian Embeddedness and Fukuyaman Trust (Long Range)



Metaphors in Business Strategy ?

Maxwell-Boltzmann Distribution (Strong)



Because of the many collisions taking place between gas molecules, there is a 
spread of molecular energies and velocities (applicable to liquids). Few particles 
have low energy/velocity, some have high energies/velocities but most are likely to 
have intermediate velocities, hence a Gaussian distribution of energy. The area 
under the curve is a measure of the total number of particles/molecules (total 
amount of energy).

ENERGY

NUMBER OF MOLECUES

http://slideplayer.com/slide/4137679/ ● www.gresham.ac.uk/lecture/transcript/download/james-clerk-maxwell/

Maxwell-Boltzmann Distribution – Total Energy Under The Curve

http://slideplayer.com/slide/4137679/
http://www.gresham.ac.uk/lecture/transcript/download/james-clerk-maxwell/


http://slideplayer.com/slide/4137679/ ● www.gresham.ac.uk/lecture/transcript/download/james-clerk-maxwell/

ENERGY

T1

T2

TEMPERATURE

T2 > T1

Maxwell-Boltzmann Distribution – Temperature Dependency (Factor)

Increasing the temperature
• shift to higher energies/velocities
• curve gets broader and flatter 
due to greater spread of values
• area under the curve stays constant,                            
corresponds to total number of particles

ENERGY

N
U

M
BE

R 
O

F 
M

O
LE

CU
ES T1

T3 TEMPERATURE

T1 > T3

Decreasing the temperature
• shifts to lower energies/velocities
• curve gets narrower and pointed                               
due to smaller spread of values
• area under the curve stays constant,                  
corresponds to total number of particles

http://slideplayer.com/slide/4137679/
http://www.gresham.ac.uk/lecture/transcript/download/james-clerk-maxwell/


PROFIT

T1

T2

Market Segment

T2 T1

In Business – What could be strategic metaphors for temperature?

Increasing ? profit base
• your share of profit increases?
• curve gets broader and flatter 
due to what – lower average margin?
• area under the curve stays constant,                            
corresponds to total money flow (y-axis)
• area under green bar vs short thick tail

PROFIT

PR
O

CE
SS

 / 
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N
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 / 
PA

RT
N

ER
S

T1

T3 Market Segment

T1 T3

Decreasing ? profit base
• your share of profit decreases?
• curve gets narrower and pointed                               
due to what – higher average margin?
• area under the curve stays constant,                  
corresponds to total money flow (y-axis)
• area under blue bar vs long thin tail

∑ T2 ∑ T3



EXTRA MOLECULES 
WITH SUFFICIENT 
ENERGY TO 
OVERCOME THE 
ENERGY BARRIER

INCREASE TEMPERATURE ▪ T2 > T1

T1 T2

Ea

N
U

M
BE

R 
O

F 
M

O
LE

CU
ES

NUMBER OF 
MOLECULES WITH 
SUFFICIENT ENERGY TO 
OVERCOME THE 
ENERGY BARRIER

MOLECULAR ENERGY

Ea

Activation Energy
Minimum energy required
for a reaction to proceed

N
U

M
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F 
M

O
LE

CU
ES

NUMBER OF 
MOLECULES WITH 
SUFFICIENT ENERGY TO 
OVERCOME THE 
ENERGY BARRIER

MOLECULAR ENERGY

Ea

Ea

EXTRA MOLECULES 
WITH SUFFICIENT 
ENERGY TO 
OVERCOME THE 
ENERGY BARRIER

CATALYSTS Lower Activation Energy  Ea

Modifying temperature or adding a catalyst increases the number of molecules with sufficient energy                          
to react but the total number of molecules and the total energy under the curve remains unchanged.

Maxwell-Boltzmann Distribution – Temperature & Catalysis in Kinetics

Activation Energy is a quintessential part of
bio-mimicry. Bio-enzymes act by lowering Ea



In Business – Kinetics is Key (Rate and Flow)
• Rate and flow are the basis of most equations
• Rate and flow modifies rates of reaction kinetics
• Transform the concept of kinetics to metaphorically 

match business drivers, parameters, dependencies
• Map equivalence relationships (design metaphors)

• increasing the rate of reaction kinetics maps to finding 
strategies to increase profit margin or percentage of profit

• lowering rate of reaction may map to lowering barriers to 
market entry by adding a “catalyst” to lower activation energy 

• Business catalysts – partnerships (ecosystem) to gain market 
share or offer better quality of service or use of platforms or 
adopting/sponsoring/creating standard(s). 

Map business factors to parameters in natural laws and then mimic the natural law processes 
and procedures in business strategy. Natural laws are time-tested through planetary evolution. 



Principles in Business Strategy ?

Maxwell-Boltzmann Distribution (Strong)

Coasian Transaction Cost (Strong)



Who makes products? The Nature of the Firm

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

N
E
T
W
O
R
K
S

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


Networks in Business Strategy

Maxwell-Boltzmann Distribution (Strong)

Coasian Transaction Cost (Strong)

Granovetterian Embeddedness and Fukuyaman Trust (Long Range)



Dynamic 
Distribution 

of
Weighted
Relations

between

Networks

Ecosystems

and

System
of 

Systems



Strength of Weak Ties

MARK GRANOVETTER

Strong Ties

http://bit.ly/MARK-GRANOVETTER

http://bit.ly/MARK-GRANOVETTER


Trust in Networks – Evolution of Cybersecurity?



Four Ideas for Business Strategy?

Maxwell-Boltzmann Distribution (Strong)

Coasian Transaction Cost (Strong)

Metcalfe’s Law (Weak)
Granovetterian Embeddedness and Fukuyaman Trust (Long Range)



Robert Melancton ‘Bob’ Metcalfe (Apr 7, 1946) co-invented the Ethernet, founded 3Com and formulated the Metcalfe's Law

http://bit.ly/BOB-METCALFE-LAW

Local Area Networks

http://bit.ly/BOB-METCALFE-LAW

Bob MetcalfeShoumen Datta

Networks / not Devices

137

http://bit.ly/BOB-METCALFE-LAW
http://bit.ly/BOB-METCALFE-LAW
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Tools for information arbitrage and interoperability

natural language, syntax and semantics

We must communicate and converge – PLATFORMS





Discours preliminaire de l'Encyclopedie
par 

Jean le Rond D'Alembert (1866)



Jean le Rond D'Alembert
1866 



The scholars of other nations, to whom we 

have provided an example, believed with 

reason that they would write even better in 

their language than in ours. England has thus 

imitated us; Germany, where Latin seems to 

have taken refuge, begins insensibly to lose 

the use of it: I do not doubt that it will soon be 

followed by the Swedes, the Danes and the 

Russians. Thus, before the end of the 18th

century, a philosopher who would like to 

instruct himself about his predecessor’s 

discoveries will be required to load his 

memory with 7 to 8 different languages; and 

after having consumed the most precious time 

of his life in acquiring them, he will die before 

having begun to instruct himself.

Jean le Rond D'Alembert (1866) 

Scientific Babel by Michael D. Gordin (2015) 



“The” Language of Scientific Information Arbitrage – Platform

http://bit.ly/MONOLINGUALISM-page-115 ● Page 338 ▪ Ulrich Ammon in Applied Linguistics Review 3 no 2 (2012) 333-355

WW I WW I I

http://bit.ly/MONOLINGUALISM-page-115


PLATFORM
Data, Semantics, Information, Intelligence

Why you need to collaborate, why you need ecosystems, why you need to be a part of a



Intelligence in AI ?
https://dspace.mit.edu/handle/1721.1/104429

Cybersecurity ● Digital Twins ● Digital Diffusion ● Disequilibrium ● Internet of Systems 

Thank you

MIT Auto ID Labs

Dr Shoumen Palit Austin Datta

Research Affiliate, Department of Mechanical Engineering, Massachusetts Institute of Technology ● shoumen@mit.edu

http://autoid.mit.edu/iot_research_initiative ● MIT Auto-ID Labs ● http://autoid.mit.edu

https://dspace.mit.edu/handle/1721.1/104429
mailto:shoumen@mit.edu
http://autoid.mit.edu/iot_research_initiative
http://autoid.mit.edu/


CONVERGENCE
Analytics, Interoperability, Non-obvious Relationships

Why you need to collaborate, why you need ecosystems, why you need to catalyze



CONVERGE

CONNECT

Bits

Atoms

Events

Instances

Networks

People

Process

Products

Decisions

Systems



Sense of the Future – incomplete but neither uncommon nor disconnected

CONNECT

Bits

Atoms

Events

Instances

Networks

People

Process

Products

Decisions

Systems



GRANOVETTER

FUKUYAMA

COASE



Economic Complexity - Information, Labor, Capital, Growth



Data from capital and labor only could not explain economic growth  

Solow's model of economic growth, often known as the Solow-Swan neo-classical growth model as the model 
was independently discovered by Trevor W. Swan and published in "The Economic Record" in 1956, allows the 
determinants of economic growth to be separated out into increases in inputs (labour and capital) as well as 
technical progress. Using his model, Solow (1957) calculated that about four-fifths of the growth in US output 
per worker was attributable to technical progress. http://bit.ly/ROBERT-MERTON-SOLOW-MIT

Nobel Prize in Economics, 1987

18 SEP 2009, MIT EI

The Role of 
Technology

https://en.wikipedia.org/wiki/Economic_growth
https://en.wikipedia.org/wiki/Exogenous_growth_model
https://en.wikipedia.org/wiki/Trevor_Swan
https://en.wikipedia.org/wiki/Labour_(economics)
https://en.wikipedia.org/wiki/Capital_(economics)
http://bit.ly/ROBERT-MERTON-SOLOW-MIT


Leadership
Entrepreneurship

Big ideas offer big dividends but needs complementarity and



47% of German respondents
concerned  about inequality.
Two-thirds of respondents
think Germany on wrong track. 

http://econ.st/2gmhtTu

Almost two-thirds

Almost two-thirds

LEADERSHIP ?

http://econ.st/2gmhtTu


Big ideas offer big dividends but may have stormy beginnings
In 1830, Ferdinand de Lesseps, a French diplomat in Cairo, dreamed of linking Europe and Asia (Mediterranean and Red Seas) 

by cutting a canal through 118 miles of arid land at a cost of FFR 200 million. In November 1869, the Suez Canal opened and 

fewer than 500 ships passed through in 1870. Dividends failed to materialize on “shares of passion” and Egyptians, desperate

for cash, sold the shares to Great Britain for GBP 4 million. Last year (2015), more than 17,000 ships passed through the 

Suez Canal generating more than US$5 billion in revenues for Egypt (www.suezcanal.gov.eg/TRstatHistory.aspx?reportId=4).

Parting the Desert: The Creation of the Suez Canal by Zachary Karabell

In 1880, Ferdinand de Lesseps formed a company to replicate his feat in Panama. This travail was undone both by weather 

and tropical diseases (yellow fever, cholera, malaria) which killed 22,000 laborers. In 1904, US President Theodore Roosevelt

deployed the US Army Corps of Engineers to complete the Panama Canal at a cost US$352 million and 5,609 lives were lost.

On 15 August 1914, the first ship passed through the Canal. In 1918, after four years in operation, less than 5 ships passed 

through the Panama Canal, daily. The 1,000,000th ship to pass through the Panama Canal was the Chinese freighter the 

Fortune Plum, on 4 Sep 2010. Now 13,000-14,000 ships pass each year. In 2015, it generated US$2.61 billion in revenue.

The Path Between the Seas: The Creation of the Panama Canal by David McCullough

In the 20th century, the 31 mile tunnel linking England to the Continent started in 1987 fueled by GBP5 billion from banks and 

112,000 British investors. In its first 3 years since May 1994, The Chunnel saw fire and gross expenses around GBP 2 billion. 

In 1997, the original investors suffered losses when the banks seized shares in exchange for restructuring the crushing debt.

By 2001, more than 16 million passengers and nearly 2.5 million tonnes of freight passed through the tubes. In 2015, more 

than 10 million passengers were transported in high speed trains and 2.5 million cars and coaches crossed The Chunnel.

Rail freight exceeded 1.5 million tonnes and 1.5 million trucks made the crossing. In 2015, the revenue exceeded €1.2 billion. 

The Chunnel: The Amazing Story of the Undersea Crossing of the English Channel by Drew Fetherston





Evolution
quintessential to civilization



1905 - General Electric – GE “House of the Future” built for
H W William of GE at 1105 Avon Rd, Schenectady, NY 12308 
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http://nyheritage.nnyln.org/cdm/ref/collection/p16694coll20/id/5858
http://history.nnyln.net/cdm/ref/collection/p16694coll20/id/5862


Who is
Salvo?



Who is Joseph Salvo at 1105 Avon Rd, Schenectady, NY 12308 

Brussels
05/2005

Joseph Salvo (left) and Shoumen Datta (right)



Dr Joseph Salvo
Director, GE Global Research Center, NY
Founder, Industrial Internet Consortium



Diffusion of the Internet – NetDay – 9th March 1996  

President Bill Clinton installing computer cables with Vice President Al Gore on NetDay at Ygnacio Valley High School (Concord, CA - March 9, 1996)162

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


Global Automobile Manufacturers in Silicon Valley

FT



1999 – MIT Auto ID Center



Professor Sanjay Sarma, MIT, Co-Founder, MIT Auto ID Center 1999
IoT was coined at the MIT Auto ID Center by Kevin Ashton (~ 2000)

Professor David Clark, Research Scientist, MIT
Chief Architect (1981-1989) of DARPA & IETF

http://bit.do/SANJAY-ODL 165

http://bit.do/SANJAY-ODL


The Birth of the Internet of Things and the nascent Industrial Internet

1953 
In my story “Sally,” published in 1953, I described computerized cars that had almost reached 
the stage of having lives of their own. In the last few years, we do indeed have computerized 
cars that can actually talk to the driver. (Robot Dreams by Isaac Asimov aka Isaak Ozimov)
1987
Herbert Simon (June 15, 1916 – February 9, 2001) in his paper “The Steam Engine and the 
Computer: What makes technology revolutionary” framed his thoughts about the computer, 
“you have to make friends with it, talk to it, let it talk to you.”
1991
Mark Weiser (July 23, 1952 – April 27, 1999) of Xerox Palo Alto Research Center coined the term 
“ubiquitous computing” and suggested in 1988 that computers may “weave themselves into the 
fabric of everyday life” and influence the future of business (Scientific American, 1991).
2000
The seminal paper The Networked Physical World by Sanjay Sarma et al spread the concept of 
the Internet of Things (IoT) through the creation of the Auto ID Center at MIT.
2013
After sixty years of Robot Dreams, the evolution of the internet and the industrial revolution 
merged to conceive and create the Industrial Internet Consortium (03/27/2014) to catalyze 
global economic growth (www.iiconsortium.org). Sponsored by 5 founders with $1T market cap.

http://www.ebooktrove.com/Asimov,%20Isaac/Asimov,%20Isaac%20-%20Robot%20-%20Robot%20Dreams.pdf
http://en.wikipedia.org/wiki/Isaac_Asimov
http://en.wikipedia.org/wiki/Herbert_A._Simon
http://digitalcollections.library.cmu.edu/awweb/awarchive?type=file&item=34057
http://en.wikipedia.org/wiki/Mark_Weiser
http://www.ubiq.com/hypertext/weiser/SciAmDraft3.html
http://www.emory.edu/BUSINESS/dra/NetworkedPhysicalWorld.pdf
http://newsoffice.mit.edu/2012/sanjay-sarma-director-of-digital-learning-1120
http://www.iiconsortium.org/tx-14/prospects.htm
http://www.iiconsortium.org/


At the beginning ● How did the IoT concept / industrial internet start ?

The grand vision of the Industrial Internet may have started circa 1988 with the work of Mark Weiser of 
Xerox Palo Alto Research Center (XPARC) who predicted that computers may “weave themselves into 
the fabric of everyday life” and influence the future of business as well as lifestyle technologies, in his 
1991 article in the Scientific American. The release of the commercial internet in 1995 paved the way 
for the Industrial Internet of the future. In 1998, Sanjay Sarma (MIT) extended the idea of using RFID 
tags to use RFID tags in supply chain management (http://bit.ly/SANJAY-SARMA). The price of the RFID 
tag had to be reduced and Sarma suggested RFID tags contain only a reference number EPC (electronic 
product code) rather than any actual data about the object. It was against the conventional wisdom. At 
the time, RFID tags were used and designed to contain data about the object or product. By eliminating 
need for data storage on the tag, the cost of the RFID tags were reduced. Sarma designed the EPC to act 
as an unique URL to access the object data stored on the Internet. In 1999, Sarma along with David 
Brock and Sunny Siu co-founded the MIT Auto ID Center to transform this vision made possible by the 
“emerging” medium and the platform of the internet. The internet was still immature to act as a 
catalyst to augment business processes and industrial productivity. Sarma, Brock and Siu were later 
joined by Kevin Ashton, a marketing manager at Proctor & Gamble who was loaned to the Auto ID 
Center at MIT. Auto ID Center at MIT developed the EPC and other technical concepts and standards 
prevalent today in the global RFID industry. Sarma, Brock and Ashton coined the term Internet of Things 
which envisioned objects /things connected to object-specific data on the internet which could be 
accessed using the unique EPC on the tag attached to the object. IoT is a vision, not a technology. In 
2000, a paper by Sarma et al summarized the IoT concept as it related to the network society in general.                                                                     

MIT-AUTOID-WH-001 ▪ THE NETWORKED PHYSICAL WORLD ▪ http://tinyurl.com/Industrial-Internet

Prof Sarma talked about the origin of IoT at the MIT Sloan Symposium http://tinyurl.com/MIT-IoT-1998

I was a part of the Auto ID initiative since 1999 as a member of the Technology Board at Auto ID Center.   

http://bit.ly/SANJAY-SARMA
http://tinyurl.com/Industrial-Internet
http://tinyurl.com/MIT-IoT-1998




MIT Media Lab MIT Center for Bits and Atoms

Immersion in Digital Diaspora

1995 2000



1999 – MIT Auto ID Center and The Internet of Things





Digitalcourage – until Nov 2012 as FoeBuD
Verein zur Förderung des öffentlichen bewegten und unbewegten Datenverkehrs

www.rainrfid.org/wp-content/uploads/2015/07/Das-RAIN_RFID.pdf



Die Revolution verschlingt 
ihre Kinder, bevor sie 

stattfinden kann.

The revolution devours its children before it can even take place.
[Georg Büchner]



BREAK THE RULES



$22 Billion



http://web.mit.edu/innovate/entrepreneurship2015.pdf

http://economics.mit.edu/files/1909

STANFORD
39,9000

STANFORD
5.4 million

STANFORD
$2.7 trillion

http://bit.ly/Stanford-Entrepreneurship

MIT

STANFORD

Reaction from a Head of State

http://web.mit.edu/innovate/entrepreneurship2015.pdf
http://bit.ly/Stanford-Entrepreneurship


Design Metaphor

Networked Physical World

IoT

Principles, Abstractions, Economies, Demographics



Dr Shoumen Datta, MIT 
<shoumen@mit.edu> 178

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


About Big Data before “Big Data” → Econometric Models ARCH/GARCH (Datta, 2004)

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

http://hdl.handle.net/1721.1/41907
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https://dspace.mit.edu/handle/1721.1/56251


Multi-disciplinary 
convergence 

SCM Data Collaboration (http://bit.ly/SCM-DATA-SHARING) 

Economic History of GPT (http://bit.ly/PAUL-DAVID-GPT)   

Information Asymmetry (Akerlof, Spence, Stiglitz)

The Nature of the Firm (Ronald Coase)

Role of Technology (Robert Solow)

(The Actual) Metcalfe’s Law

Trust in Social Networks

Systems Science

Graph Theory

Platforms

Analytics

Monetizing IoT

http://bit.ly/SCM-DATA-SHARING
http://bit.ly/PAUL-DAVID-GPT


Think Different

Connect, Converge, Communicate 

http://bit.ly/IOT-MIT

http://bit.ly/IOT-MIT


Ask what you can do for
education and research to teach people what machines cannot do

Fill the digital dustbin with the sensational and the 
conventional opinion about technology eliminating 
jobs. Quite the opposite. Billions of people could 
become prosperous. Property rights and identification 
are in crisis. Healthcare access is still only for a few. 
Education is key. Distributed digital ledger tools, 
healthcare platforms, remote sensing and digital 
learning may transform economies for the better.



Dr Shoumen Palit Austin Datta

Research Affiliate, Department of Mechanical Engineering, Massachusetts Institute of Technology ● shoumen@mit.edu

http://autoid.mit.edu/iot_research_initiative ● MIT Auto-ID Labs ● http://autoid.mit.edu

mailto:shoumen@mit.edu
http://autoid.mit.edu/iot_research_initiative
http://autoid.mit.edu/
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