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EXPONENTIAL TECHNOLOGIES

• Exponential Thinking

• Four Technology Revolutions

• Silicon/Cloud, IoT/Sensors, Manufacturing & Machine Learning

• The New Beginning

• Opportunities for Panama
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The 1850’s
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The 1850’s
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Admiral Robert FitzRoy

Telegraph route map for Great Britain. 1852.
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First storm forecasts in 1860



WEATHER
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Local weather

Regional weather

Distributed
Information



EXPONENTIAL GROWTH
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http://teachers.d11.org/teachers/rathmmm/Industiral%20Revolution/Industrialization%20graphs.pdf
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Now…it’s our turn



WE ARE IN THE NEXT BEGINNING
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EXPONENTIAL GROWTH: NOW
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LINEAR AND EXPONENTIAL THINKING
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Linear
5 steps

2 x 5 = 10 steps

3 x 5 = 15 steps

Exponential
51 = 5 steps

52 = 25 steps

53 = 125 steps



LINEAR AND EXPONENTIAL THINKING
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LINEAR AND EXPONENTIAL THINKING
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LINEAR AND EXPONENTIAL THINKING
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Disruptive 
Stress?

Disruptive 
Opportunity!

Or?



EXPONENTIAL DISRUPTION
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1996
Market Cap = $28B
Employees = 140K

From Peter Diamandis, Singularity University



LINEAR AND EXPONENTIAL THINKING
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EXPONENTIAL DISRUPTION
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1996
Market Cap = $28B
Employees = 140K

2012
Bankrupt

Employees = 17K

2012
FB acquired = $1B
Employees = 13!

From Peter Diamandis, Singularity University



EXPONENTIAL DISRUPTION
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Robotics

Virtual Reality

Delivery / Fast Food

Books

Self-driving cars

Industrial
Manufacturing

Language Translation

Medicine



DEMOCRATIZING INNOVATION

• 20 years ago

• Needed a $Billion company to influence a billion people

• Needed the best education; best pedigree

• Now

• Need a laptop, the internet and free software -- and coffee!

• Now a kid in Mumbai with ambition can do something groundbreaking

• The best code libraries are free (Open Source  “GitHub”)

• The best courses are free (Coursera, YouTube, etc)

• Venture investors are looking for these start ups

• Big companies now depend on Startups for innovation
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“I didn’t know that 
it wasn’t possible.  

So I just did it.”
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This is just the beginning



TECHNOLOGY REVOLUTIONS
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TECHNOLOGY REVOLUTIONS

• Silicon/Cloud Revolution 

• Moore's law and exponential effects

• IoT / Sensing revolution

• World sensing everywhere

• Manufacturing revolution

• Decreasing cost and size.  New devices can go everywhere

• Machine learning revolution 

• Impossible becoming possible

11/7/2017 25



SILICON REVOLUTION
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IBM Research



SILICON REVOLUTION
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First transistor Apple iPhone Processor



SILICON REVOLUTION

Moore’s Law (1965)

• Transistors per chip 
double every 2 years.
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SILICON REVOLUTION
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IBM, GlobalFoundries, MIT



SILICON REVOLUTION

Moore’s Law (1965)

• Transistors per chip 
double every 2 years.
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SILICON REVOLUTION: RESULTS

• Results:

• Enormous computational 
resources are available now

• Exponential changes are hard 
to anticipate

• New solutions are solving old 
problems

11/7/2017 31



CLOUD REVOLUTION

• Netflix

• Pinterest

• NASA

• etc
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CLOUD REVOLUTION

• AWS: Amazon Web Srvc

• 2.4 Million servers avail.

• Mid-size server pricing:

• $0.01 to $0.50/hour

• Easy to use

• Request server(s)

• Wait to Load instance

• Ready to go

• Add instances on demand
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INTERNET OF THINGS/
SENSING REVOLUTION 
WORLD SENSING EVERYWHERE
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SENSING REVOLUTION
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www.sktyler.com www.everydayfamily.com

Our world is defined by what we sense: 
vision, touch, smell, taste and smell.



SENSING REVOLUTION
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www.dailymail.co.uk



SENSING REVOLUTION : PHONES

• 25 sensors

• Accelerometer, Magnetometer, 
Gyro, Barometer, Humidity, GPS, 
WiFi, Bluetooth, LTE, NFC, Touch 
screen, buttons, fingerprint sensor,
ALS, Optical Proximity, Camera 
front, Camera back, Temperature, 
Microphone x 3, Ultrasonic 
Gesture, Colorimeter, Heart Rate 
PPG, Magnetic cover switch
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apple.com



SENSING REVOLUTION : CARS
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http://qz.com/327326



INTERNET OF THINGS
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Where 
do all 
these 

devices 
go?



DOOR KNOBS

Manual IoT Enabled

11/7/2017 41



TRASH

Manual IoT Enabled
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“Philadelphia…has been able to reduce the number of weekly 
garbage-collecting shifts from 17 to just three, and realize $1 
million a year in savings on fuel, maintenance and labour
costs” – Globe & Mail



YOUR HOME

Living Room… …voice enabled.
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DELIVERY

Truck Truck + Drone
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MEDICAL

Manual Automatic
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UTILITY METER

Manual Digital / Wireless
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LIGHT BULBS

Incandescent bulb + 120V LED + Sensor + UPOE (+LiFi?)

11/7/2017 47UPOE = Universal Power Over Ethernet = 60W over Cat5



AUTOMOBILES

Old New
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AGRICULTURE
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Where 
do all 
these 

devices 
go?



WHAT IOT IS

• Relatively small

• Battery/Solar powered

• Sensor-based

• Remotely administered

• No User interface

• Limited network comms
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UBIQUITOUS COMPUTING

“The most profound technologies are 
those that disappear. They weave 
themselves into the fabric of everyday life 
until they are indistinguishable from it.”

-Marc Weiser, CTO Xerox PARC 1991
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…ARE THOSE THAT DISAPPEAR.
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MANUFACTURING REVOLUTION 
Decreasing cost and size.  New devices can go everywhere.
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MANUFACTURING REVOLUTION

• Silicon is dominant
for performance, but not cost

• Major efforts for 
Paper/Plastic substrates

• Requires new manufacturing
infrastructure
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MANUFACTURING REVOLUTION
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Organic Solar Cells using Roll-to-Roll mfrg

www.rsc.org



MANUFACTURING REVOLUTION
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Ink Jet printed electronics

OLED evaporators



MANUFACTURING REVOLUTION

• Roll-to-Roll electronics poised for
use in consumer packaging

• OLED labels that illuminate only 
when a bottle is open.

• Paper soda cups that light up when 
filled (“Coca-cola!)
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MANUFACTURING REVOLUTION

• Traditional Silicon technology is good for performance,
not cheap enough for packaging and bottling

• New roll-to-roll technologies will reduce cost
one or two orders of magnitude

• Packaging, signage and labelling could see major changes
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MACHINE LEARNING REVOLUTION 
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SO WHAT’S THE PROBLEM?

• We’ve got data.
A lot of data!

• No, really a 
lot of data!
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MACHINE LEARNING REVOLUTION

Biological Neuron Artificial Neuron
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MACHINE LEARNING REVOLUTION

Biological Deep Neural Net Artificial Deep Neural Net (DNN)
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MACHINE LEARNING REVOLUTION
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Training a DNN with War And Peace by Tolstoy.  First 100 iterations. (Karpathy, RNNs)

At 300 iterations.

At 500 iterations.

http://karpathy.github.io/2015/05/21/rnn-effectiveness/


MACHINE LEARNING REVOLUTION

• Tolstoy training (cont)
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At 1200 iterations.

At 2000 iterations.



MACHINE LEARNING REVOLUTION

• Is there any magic here?

• Any soul?  Or consciousness?

• No!  Just some mathematics

• Optimizations and matrix math

11/7/2017 66Aside: Excellent machine learning course by Andrew Ng (online).

https://www.coursera.org/learn/machine-learning


REVOLUTION IN ALGORITHMS
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Traditional Programming
Methodology

Machine Learning
Methodology

+

+

+

+



EXPONENTIAL DISRUPTION
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Robotics

Virtual Reality

Delivery / Fast Food

Books

Self-driving cars

Industrial
Manufacturing

Language Translation

Medicine



MACHINE LEARNING

• Why now?

• The Perfect Storm of factors:

• Dense chips + cloud compute + ML algo + large data sets
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IBM Research

+ + +



EXAMPLE: GAME OF GO

• Go is a 2,500 year old game

• Board is 19x19 (= 361)

• Time to master the game
is 20-30 years.

• Expected to take 20 more 
years before computers can 
solve the game
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EXAMPLE: GAME OF GO
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EXAMPLE: GAME OF GO

• # of moves = 2.0 ×10170

• =2081681993819799846994
78633344862770286522453
88453054842563945682092
74196127380153785256484
51698519643907259916015
62812854608988831442712
97153193175577366203972
47064840935 moves

• Computationally impossible
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Aside: there are 1080 atoms on the universe



EXAMPLE: GAME OF GO

• We see patterns & shapes

• Called “good shape”

• Humans just see the answer…

• …and then rationalize why
we think its right.
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EXAMPLE: GAME OF GO

• The Team from Google trained
an algorithm to see patterns

• Using new Machine Learning algo

• Library of 150,000 games and 
30 Million moves

• 2000 Processors + 280 GPUs

• Results: In March, AlphaGo
won 4 of 5 games
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Google’s AlphaGo vs Korea’s Lee Sedol



”I see AlphaGo not as a revolutionary 
breakthrough in itself, but rather as 
the leading edge of an extremely 
important development: the ability to 
build systems that can capture 
intuition and learn to recognize 
patterns.” - Michael Nielsen
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THE NEW BEGINNING

11/7/2017 76



THE NEW BEGINNING
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THE NEW BEGINNING

• 5 Billion phones

• 7 Billion people  9 Billion

• 20 Billion devices  50 Billion

• 5-10 Million cell towers/stations

• Soon to have satellite internet

• 100,000,000,000 web clicks per day

• 10,000,000,000,000,000,000,000 or 1021 transistors 

• We are now connected every minute of every day
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THE NEW BEGINNING
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The Internet is 
the largest structure in 
the history of mankind



JOBS WILL BE DIFFERENT
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SKILLS WILL BE DIFFERENT
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THE NEW BEGINNING

The Second Machine Age

• New playing field

• New machines

• New jobs

• New opportunities
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OPPORTUNITIES FOR PANAMA
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EDUCATION
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Old World Education

Old

Learn Anywhere; anytime; any topic
Tynker; CodeAcademy; Coursera

StackOverflow/StackExchange

New



SOFTWARE/APP DEVELOPMENT
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Code Farm Small team startup; new apps
Code Cafe

Old



3D PRINTING
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Expensive manufacturing Novel designs; low cost

Old



IOT: INTERNET OF THINGS
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Appliances; established markets Novel devices; new markets

Old



MACHINE LEARNING / ARTIFICIAL INTELLIGENCE
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Machine Learning Library

Python Programming Language

Data shown in 3D Cluster map



OPPORTUNITIES

• Opportunity goes to 

• Who want to learn 

• Who want to building something (Makers)

• With fast internet and computers

• With Support infrastructure

• Startup incubators; hacker spaces; Hack-a-thons

• With like-minded teams
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WHERE IS TECHNOLOGY GOING?
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WHERE IS TECHNOLOGY GOING?



INTERESTING BOOKS
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“The Information”
by James Gleick

“The Inevitable“
by Kevin Kelly

”The Second 
Machine Age”

by Erik Brynjolfsson

”The Master Switch”
by Tim Wu
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Connected monitoring of
Vitals, Daily Activity and Falls
for elderly adults.

There when you can’t be™ 
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