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Overview
“I think the next [21st] century will be the century of complexity. We have already 

discovered the basic laws that govern matter and understand all the normal situations. 

We don’t know how the laws fit together, and what happens under extreme conditions. 

But I expect we will find a complete unified theory sometime this century. There is no 

limit to the complexity that we can build using those basic laws.”

    Stephen W. Hawking, in answer to a question: Some say that while the twentieth 

century was the century of physics, we are now entering the century of biology. What 

do you think of this?



Overview
"Science has explored the microcosmos and the macrocosmos; 

we have a good sense of the lay of the land. The great unexplored 

frontier is complexity."

- Heinz Pagels, The Dreams of Reason

From Wikipedia



First, 
Simplicity: 



Overview
● “Truth is ever to be found in simplicity, and not in the 

multiplicity and confusion of things.”  Sir Isaac Newton 

● “Everything should be made as simple as possible, but no 

simpler.” Albert Einstein

● “You can recognize truth by its beauty and simplicity.”  R. 

Feynman
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UNIVERSAL BEAUTY:

The E8 Lie group, pictured above, is a 
perfectly symmetrical 248-dimensional 
object. (Lie groups are used in math and 
physics to model symmetries.) 
Symmetry, Frank Wilczek says, is prominent 
in the fundamental laws of nature, and 
“connotes harmony and beauty.”

http://nautil.us/issue/32/space/beauty-is-physics-secret-weapon
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Back to 
COMPLEXITY: 





We have nothing 
better to show yet!
From Wikipedia



From now on;
All the pictures are 

from Wikipedia



Complex Systems and Their Features
Non-linearity Feedback Spontaneous Order



Complex Systems and Their Features
Robustness and lack of Central Control Emergence



Emergence

Birds flocking 

emerges from 

simple rules:

1. keep distance

2. stay aligned

3. avoid predators.



Emergence

Conus textile 

exhibits an 

emergent cellular 

automaton pattern 

on its shell.



Emergence

Persian Leopard

Think about its skin!



Emergence

Visualization of links 

between pages on a wiki.

See:

emergence of giant 

component
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http://mcps.umn.edu/assets/pdf/emergence-phys.pdf
http://mcps.umn.edu/assets/pdf/emergence-phys.pdf


Complex Systems and Their Features
Hierarchical Organisation Numerosity

goo.gl/ovN5y8

https://www.nobelprize.org/nobel_prizes/physics/laureates/1977/anderson-bio.html
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To be discussed 
later:

● COMPLEXITY, INFORMATION, 

AND PROBABILITY

● MEASURES OF COMPLEXITY

● THE “PEAKED” COMPLEXITY 

FUNCTION

●  THE FEATURES OF COMPLEX 

SYSTEMS REVISITED



Let’s think again;

What is Science?
What is Physics?
Who is a wise policy maker?!



Thank You


