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temperature differential. âž¢observed at multiple scales, whether frying pan or geo/astrophysical systems. âž¢spontaneous symmetry- breaking of a homogeneous. 
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2. A Complex Systems Sampler a. Cellular automata – Game of life NetLogo model: /Computer Science/Cellular Automata/Life



Bill Gosper's Glider Gun (Wikipedia, “Conway’s Game of Life”)



Fall 2014



History  most famous cellular automaton  designed by John H. Conway in 1970  in an attempt to find a simpler self-replicating machine than von Neumann’s 29-state cells  very simple set of rules on black and white pixels  creates small “autonomous”, “life-like” patterns (static, repeating, translating, etc.) on the few-pixel scale



René Doursat: "Complex Systems Made Simple"



3



2. A Complex Systems Sampler a. Cellular automata – Game of life Rules of the game  survival: a live cell with 2 or 3 neighboring live cells survives for the next generation survival



death by overcrowding



 death by overcrowding: a live cell with 4 of more neighbors dies  death by loneliness: a live cell with 1 neighbor or less dies  birth: an empty cell adjacent to exactly 3 live cells becomes live



death by isolation



Fall 2014



birth
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2. A Complex Systems Sampler a. Cellular automata – 1-D binary automata



NetLogo model: /Computer Science/Cellular Automata/CA 1D Elementary



repeating: Rule 250



randomness: Rule 30



Fall 2014



nesting: Rule 90



History  “elementary CAs” = black and white pixels on one row  like the Game of Life, simple rules depending on nearest neighbors only (here, 2)  total number of rules = 2^(2^3) = 256  Wolfram’s attempt to classify them in four major groups:



localized structures: Rule 110
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repetition nesting [apparent] randomness localized structures (“complex”) 5



2. A Complex Systems Sampler a. Cellular automata



Concepts collected from these examples  large number of elements = pixels  ultra-simple local rules  emergence of macroscopic structures (patterns >> pixels)  complex & diverse patterns (selfreproducible, periodic, irregular)



Fall 2014
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2. A Complex Systems Sampler b. Pattern formation – Physical: convection cells Phenomenon  “thermal convection” is the motion of fluids caused by a temperature differential Rayleigh-Bénard convection cells in liquid heated uniformly from below



Convection cells in liquid (detail) (Manuel Velarde, Universidad Complutense, Madrid)



(Scott Camazine, http://www.scottcamazine.com)



 observed at multiple scales, whether frying pan or geo/astrophysical systems  spontaneous symmetrybreaking of a homogeneous state  formation of stripes and cells, several orders of magnitude larger than molecular scale



Sand dunes



Solar magnetoconvection



(Scott Camazine, http://www.scottcamazine.com)



(Steven R. Lantz, Cornell Theory Center, NY)



Fall 2014
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2. A Complex Systems Sampler b. Pattern formation – Physical: convection cells Mechanism  warm fluid is pushed up from the bottom by surrounding higher density (buoyancy force)



T



 cold fluid sinks down from the top due to surrounding lower density Schematic convection dynamics (Arunn Narasimhan, Southern Methodist University, TX)



 accelerated motion  viscosity and thermal diffusion normally counteract buoyancy...  ... but only up to a critical temperature differential Tc  beyond Tc buoyancy takes over and breaks up the fluid into alternating rolls



Hexagonal arrangement of sand dunes (Solé and Goodwin, “Signs of Life”, Perseus Books)



Fall 2014



René Doursat: "Complex Systems Made Simple"



9



2. A Complex Systems Sampler b. Pattern formation – Physical: convection cells Modeling & simulation  surfaces of constant temperatures (red for hot, blue for cold)  visualization of ascending and descending currents  notice the moving cell borders at the top  marginal case of multi-agent modeling:  top-down modeling by discretization of macroscopic differential equations Convection dynamics (Stéphane Labrosse, Institut de Physique du Globe, Paris)



Fall 2014



 extremely fine-grain and dense distribution of agents = fixed grid



René Doursat: "Complex Systems Made Simple"



10



2. A Complex Systems Sampler b. Pattern formation – Physical: convection cells



Concepts collected from this example  large number of elementary constituents  emergence of macroscopic structures (convection cells >> molecules)  self-arranged patterns  amplification of small fluctuations (positive feedback, symmetry breaking)  phase transition  far from equilibrium Fall 2014
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2. A Complex Systems Sampler b. Pattern formation – Biological: animal colors Phenomenon  rich diversity of pigment patterns across species  evolutionary advantage:     



warning camouflage, mimicry sexual attraction individual recognition etc.



Mammal fur, seashells, and insect wings (Scott Camazine, http://www.scottcamazine.com)



Fall 2014
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2. A Complex Systems Sampler b. Pattern formation – Biological: animal colors Possible mechanism (schematic) ctivator nhibitor



 development of spots and stripes on mammal fur  melanocytes (pigment cells) can be undifferentiated “U”, or differentiated “D”  only D cells produce color  they diffuse two morphogens, activator “A” and inhibitor “I”  neighboring cells differentiate or not according to:  short-range activation  long-range inhibition



David Young’s model of fur spots and stripes (Michael Frame & Benoit Mandelbrot, Yale University)



Fall 2014



 a classical case of reaction-diffusion
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2. A Complex Systems Sampler b. Pattern formation – Biological: animal colors NetLogo model: /Biology/Fur



NetLogo fur coat simulation, after David Young’s model (Uri Wilensky, Northwestern University, IL)



Modeling & simulation  example of cellular automaton  each cell has 2 states:  “pigmented” (black)  “undifferentiated” (white) Fall 2014



 each cell’s state is updated by:  counting pigmented neighbors within radius 3 (they contribute to activation)  counting pigmented neighbors between radius 3 and 6 (they contribute to inhibition)  calculating weighted vote
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2. A Complex Systems Sampler b. Pattern formation – Biological: animal colors



Concepts collected from this example  simple microscopic rules  emergence of macroscopic structures (spots >> cells)  self-arranged patterns (random, unique)  amplification of small fluctuations (positive feedback, symmetry breaking)  local cooperation, distant competition (cell  cell) Fall 2014
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