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● Nonlinear dynamics
● The logistic map
● Bifurcation diagrams
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● Number systems and information
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● Artificial neural networks
● Evolving virtual creatures
● Evolutionary robotics
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What are complex systems?

● Networks of simple interacting components, which, following 
simple rules, produce complex emergent behavior

– simple components with simple rules of operation

– no central controller
– limited communication among components
– collective behavior emerges from interacting components

– easy to understand the low-level component behavior
– hard to predict the high-level emergent behavior
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Ant colonies
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“The solitary army ant is behaviorally one of the least sophisticated
 animals imaginable” —Nigel Franks
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Map of the Internet (2005)
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How can we understand complex systems?

● Reductionism
– Linear systems
– Can be understood by analyzing each part in isolation
– “The whole is equal to the sum of its parts”
– Long tradition in Western science

● Holism
– Nonlinear systems
– “The whole is greater than the sum of its parts”
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Mathematical modeling

Benoit Mandelbrot (1924-2010)
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“Clouds are not spheres, mountains are not cones, coastlines are not
 circles, and bark is not smooth, nor does lightning travel in a straight line.”

—Benoit Mandelbrot

http://www.segerman.org
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Reading Assignment for Thursday

● Preface and Chapter 1 of Complexity: A Guided Tour

● Preface and Introduction (Chapter 1) of
The Computational Beauty of Nature

● Both books will be on reserve at the library

● No lab this week
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