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Principles of 
Resilience 
Thinking
• Maintain Diversity and Redundancy
• Manage Connectivity
• Manage Slow Variables and Feedbacks
• Foster Complex Adaptive Thinking
• Encourage Learning
• Broaden Participation
• Promote Polycentric Governance



Maintain diversity  and redundancy 



Manage Connectivity



Manage Slow variables and Feedbacks



Foster Complex 
Adaptive Thinking



Encourage



Broaden Participation



Promote Polycentric Governance



What is Machine Learning?



Principles 
of 

Machine 
Learning

• Generalization
• No Free Lunch
• Occam's razor
• More Data is better than more complex algos
• Cross Validation
• Algorithmic Diversity



Generalization







More Data is 
better than 

more 
Complex 

Algorithms



Cross Validation



Algorithmic Diversity





Examples of 
Disasters 
using 
Principles

• 1138 Aleppo earthquake 

• 2010 Haiti Earthquake

• 1666 Great Fire of London

• 1920 Haiyuan earthquake

• 526 Antioch earthquake

• Coringa cyclone of 1839 hit 
the port city of Coringa

• The Central China Floods of 
1931

• 1977 Tenerife Airport 
Disaster

• 1917 Halifax Explosion

• 1984 Bhopal

• 27 AD Fidenae 
Ampitheathre Collapse

• 1952 Banqiao Dam 
Collapse

• 2001 Enron
• 1929 Stock market crash
• 2007 Subprime 

mortgage lending  and 
Lehman Bros

• 1347 – Bubonic Plague 
• 2002 SARS
• 1940 Tacoma Narrows 

Suspension Bridge 
Collapse. 

• 1937 West Nile Virus
• 2700 BC – Malaria
• 1989 San Francisco 

Earthquake



1138 Aleppo 
(Syria) Earthquake

Manage Slow 
Variables and 
Feedbacks



1940 Tacoma 
Narrows 

Suspension 
Bridge Collapse.

Managing Slow 
Variables and 

Feedback



2010 Haiti 
Earthquake

Occam’s Razor



1989 San 
Francisco 
Earthquake

Encourage 
Learning and 
Algorithmic 
Diversity



27 AD Fidenae
Amphitheatre Collapse

Cross Validation 



SARS – Severe Acute 
Respiratory Syndrome

Polycentric
Governance



1984 Bhopal Gas 
Leak Disaster

Encourage Learning



1975 Banqiao 
Dam Collapse

Maintain
Diversity and
Redundancy



1929 Stock 
Market Crash 

Manage Slow 
Variables and 

Feedbacks 



learning from the 
past to think about 

the future



Ada Lovelace 1842

"The Analytical Engine has no 
pretensions whatever to 
originate anything. It can do 
whatever we know how to 
order it to perform. It can 
follow analysis; but it has no 
power of anticipating any 
analytical relations or truths.“



Turing wrote, with regard to Ada 
Lovelace, “which might be taken to 
mean that her position was that 
machines could not learn, or create 
anything original.”

Alan Turing proposed that a human 
evaluator would judge natural 
language conversations between a 
human and a machine that is 
designed to generate human-like 
responses. 

Turing test



Nick Bostrom

• Human Level Machine 
Intelligence

• Super Human  Machine 
Intelligence



Concerns 



Ever-widening skills gap



Future employment projections by 
sector, 2012-2022 (in millions)



• Bank Teller
• Cashier
• Receptionist
• Telephone Operator
• Mail Carrier
• Travel Agent
• Mathematical technician
• Typist
• Reporter
• Data Entry
• Telemarketer
• Title Examiner
• Insurance Underwriter

• Pharmacist
• Lawyer and Paralegal
• Driver – Truck and Taxi
• Astronaut
• Store Clerk
• Soldier
• Babysitter
• Rescuer 
• Cargo and Freight Agent
• Account Clerk
• Dental Technician
• Real Estate Broker
• Data-entry specialist

jobs to be replaced by machines 

47% of US workers have a high probability of their jobs automated by 2035

* 99% probability





Worldwide spending on robots



Autonomous Vehicles



Autonomous Trucking



Questions to Ponder



Smart Infrastructure 





Caterpillar has deployed a 
fleet of 45 self-directed, 
fully automated 240-ton 
"793F mining trucks" in 

Australia

Position information 
collected from haul 
truck operation (5 

days) at earthwork site.

http://online.wsj.com/news/articles/SB10001424127887324144304578624221804774116


3D Printed Building



3D Printed Roads & Bridges video

https://www.youtube.com/watch?v=ifdA0kxP7lM


Drone-based Construction



V2P and V2I
Vehicle to Pedestrian 

Vehicle to Infrastructure
Communication



ITS
http://www.its.dot.gov/index.htm

http://www.its.dot.gov/index.htm


It’s coming… the 2nd machine age…



disruptors



Conclusion



people first
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Further Reading
Studying the Impacts of Autonomous and Robotically Controlled Road-Building Equipment 

AUTOMATION AND ROBOTICS FOR ROAD CONSTRUCTION AND MAINTENANCE 

The Dawn of Autonomous Vehicle Technology in Construction

Drones in Construction

The Long Road to Autonomous Construction

World’s First 3D Printed House

Uber Self Driving Fleet arrives in Pittsburgh

Intelligent Transportation Systems – US DOT

https://towardsdatascience.com/principles-of-artificial-intelligence-machine-learning-
122be27d33a4

http://stockholmresilience.org/research/research-news/2015-02-19-applying-resilience-
thinking.html

http://applyingresilience.org/en/start-en/

https://listverse.com/2012/02/05/10-devastating-unnatural-disasters/
https://www.livescience.com/33316-top-10-deadliest-natural-disasters.html

http://www.rita.dot.gov/utc/publications/spotlight/spotlight_2015_05
http://www.cmu.edu/gdi/docs/automation-and.pdf
https://lineshapespace.com/autonomous-vehicle-technology-in-construction/
https://redshift.autodesk.com/drones-in-construction-agriculture-help-save-time-money/
http://www.constructiondive.com/news/full-auto-the-long-road-to-autonomous-equipment-in-construction/426195/
https://www.cnet.com/news/worlds-first-3d-printed-apartment-building-constructed-in-china/
http://www.bloomberg.com/news/features/2016-08-18/uber-s-first-self-driving-fleet-arrives-in-pittsburgh-this-month-is06r7on
http://www.its.dot.gov/index.htm
https://towardsdatascience.com/principles-of-artificial-intelligence-machine-learning-122be27d33a4
http://stockholmresilience.org/research/research-news/2015-02-19-applying-resilience-thinking.html
http://applyingresilience.org/en/start-en/
https://listverse.com/2012/02/05/10-devastating-unnatural-disasters/
https://www.livescience.com/33316-top-10-deadliest-natural-disasters.html

