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B I G  I D E A S

• Convergence

• Complex Systems 

• 4th Industrial Revolution 
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C O N V E R G E N C E

1900 1950 2000

Data Center

Minicomputers

Microcomputers

Public Internet

Social Networking

The Cloud

Mobility

Big Data

Internet of Everything

AI

E X A M P L E S  O F  C O M P L E X  S Y S T E M S
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C O M P L E X  

S Y S T E M

• The economy

• Education

• The workplace

• The supply chain

• Business

• Politics

• Tourism

• The environment

• Mental health

• Society

• Belief systems

• …..

F O O D  I S  A  C O M P L E X  

S Y S T E M
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F O O D  I S  A  C O M P L E X  

S Y S T E M

Domains 

• Environment, 

• energy, 

• economic, 

• technology, 

• science, 

• demographics, 

• civil and food security, 

• politics, 

• governance, 

• social and cultural

• …

W H AT  I S  A  C O M P L E X  S Y S T E M

• There are numerous definitions 

(i.e., no-one knows).  Related are:

• Evolutionary game theory

• Complex System

• Adaptive System

• … 100?
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S Y S T E M  T H E O RY

Sadi Carnot

1824: Systems Approach

Thermodynamics 

Ludwig Von Bertalanffy

1968: General Systems Theory 

Biology

Jean Piaget

1919: Cognitive development

Psychology

W H AT  I S  A  C O M P L E X  S Y S T E M

Decentralized agents

Self organize

Emerge in a hierarchical order

Nonlinearity of interactions

Feedback loops

Initial condition sensitivity

Adaptability and evolution
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C O M P L E X  S Y S T E M  T H E O RY
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U N C E RT A I N T Y
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1784                    1870                   1969                  Today
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Credit: Edward A. Lee of UC Berkeley

Credit: Edward A. Lee of UC Berkeley
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Autoconfiguration:

Self configure, adjust and optimize

Cognition: 

Simulation, synthesis, visualization, diagnostics, 
decision making

Cyber: 

clustering, data mining

Data to Information: 

Analytics, performance prediction

Smart Connection: 

Plug and Play, sensor networks, wireless

T E C H N O L O G I E S  

O F T E N  A S S O C I A T E D  

T O  4 I R

• Internet of Things (IoT) 

• Internet of Systems (IoS)

• Artificial Intelligence (AI)

• Big Data 

• Cloud computing 

• Cyber-Physical Systems 

• New Biology

• Blockchain

• Supercomputing

• VR and augmented reality

• Robotics

• 3D print (Additive Layer Manufacturing)

• Brain Computer Interfaces (BCI)

• Other…
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H OW  T O  A P P RO A C H  

F O O D  P RO D U C T I O N  A S  A  

C O M P L E X  S Y S T E M ?

Domains 

• Environment, 

• energy, 

• economic, 

• technology, 

• science, 

• demographics, 

• civil and food security, 

• politics, 

• governance, 

• social and cultural

• …
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F O U N DAT I O N A L

• Competent workforce

• Access to Technology

I N F R A S T RU C T U R E
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C O M P E T E N T  WO R K F O R C E  

( E N G I N E E R I N G )

• Knowledge of Mathematics, Physics, 
Chemistry, Biology

• Knowledge of Engineering Science and 
Technology in their field of study

• The Competency Profile:
Creative, 

Collaborative,

Critical Thinker, 

Complex System Aware, 

Adaptable, 

Collaborative, 

Self-directed, 

Effective Communicator,

Culturally/Socially Skilled, 

Information and Technology Literate 
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I N  S U M M A RY

• 4IR will drive transformation in the XXIst century

I N  S U M M A RY

• 4IR will drive transformation in the XXIst century

• An “ecosystem” and culture that drives innovation 

must be created
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I N  S U M M A RY

• 4IR will drive transformation in the XXIst century

• An “ecosystem” and culture that drives innovation 

must be created

• Infrastructure is not enough, a competent 

workforce is required

• The professional of the future, beyond skilled and 

knowledgeable must be

• Competent

• Perform at high level in the knowledge and cognitive domains 

(metacognitive and create)

• Capable of critical and complex thinking
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THANK YOU! ! !
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