Cellular Automata: Basic Intro

Professor Leigh Tesfatsion
Economics Dept., lowa State University

What are Cellular Automata (CA)?

lllustrative Examples:

A-John Conwayds Game of Life

A Schellingbs Segregation Model
A Per Bakos Sand Pile Model

Acknowledgement: The CA slides below are based in part
on course lecture slides prepared by Prof. Bill Tomlinson
(2004), Prof. Inman Harvey (2005), Prof. Stefan
Rahmstorff (2005), and Prof. Lars -Erik Cederman (2005).



What are Cellular Automata?
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Invented by John von Neumann




lllustrations of Simple Cellular Automata

A A Cellular Automaton (CA) is a stylised universe.

A In the simplest forms of CA, space is represented by a
uniform M -dimensional grid of cells (e.g., M=1,M=2), with
each cell containing some data.

A Time advances in discrete steps and the laws of the
‘uni verse" are expressed through
machineo = FSM) dictating how, at
cell computes its new state given its old state and the
states of its K closest neighbors (K = key parameter).

A - Thus, each CAO6s behavior 1 s deter
applied rule governing local unit behaviors.




Examples of 1Dimensional (1D) CA

A 1D CA: Each cell has at most two neighbors
A Exampl e: 1D CA operating through

Time T=1
Time T=2

(Wolfram,1983)




O Rul e 90 6 3Eeméntary 10GA

90 =( 01011010)_base 2 = GFP*26+0*25+1*24+1*23+0*22+1*24+0*20

https:// mathworld.wolfram.com/ElementaryCellularAutomaton.html|



https://mathworld.wolfram.com/ElementaryCellularAutomaton.html

1D CA In Nature?

1D CA shell patterns (Wolfram, 1983)




Examples of 2D CA

A 2D image entirely replaced each time step.




Possible Neighborhoods for 2D CA

Von Neumann Moore
Neighborhood Neighborhood




Famous 2D CA Example:
The Game of Life

First practical CA invented

by John Conway in the
ate 1960s

Later popularized by
Martin Gardner

John Conway




Th e.xnGame ..of L |

John Horton Conway' s D3Ame of
iInvented in late 1960s at the Univ. of Cambridge

Objective:  To make a CA 'game' as unpredictable as
possible using the simplest possible CA rule.

u 2D grid of squares on a (possibly infinite) plane.

U Each square can be alive (black) or dead (white)




Game
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A Dead cells can
come alive, and
alive cells can
die, depending on
their neighbors




Game of L1 f €

A Each cell has 8 alive or dead neighbors (pasted
edges assumed), 4 adjacent orthogonally and 4
adjacent diagonally.

A So Game of Life assumes Moore Neighborhoods




The ORUl es o0

A If an alive (black) cell has fewer than 2 alive
neighbors, it dies (turns white) -- loneliness

A If an alive cell has more than 3 alive neighbors,
it dies T overcrowding

A If an alive cell has either 2 or 3 alive neighbors,
It goes on living (stays black) -- happiness

A If a dead cell has exactly 3 alive neighbors, it
comes alive -- reproduction . Otherwise it stays
dead.




Visual Depiction of Rules of Life

O 1 2 3 4 5 6 7 8 Number of alive

(black) neighbors

Current State New State

White

Black




How the Game of Life Proceeds

A The game proceeds Iin generations, one
generation per time step T

A In the Initial generation at T=1, a finite
number of cells are alive

A In each successive generation, some cells
come alive and some die according to the
NRul es of Life.o




Exampl eée




Why the Game of Life is addictive...

A Various interesting patterns keep emerging
cogl 1 der, 0 opent omi

A Many Game of Life demos/applets are
available on -line




Pattern Emergence?
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On a clear background, o :
after 4 time steps, Glider &
pattern will 'move’ to
the North East one square Glider
diagonally.

Each square does not actually 'move’, but the pattern o
sguares can be seen by an observer as a glider travelli
across the background.




Pattern Emer genc

C This pattern movement can be observed as
0t he movement of a glider o,
glider was mentioned in the rule.

C 'Emergent' behaviour at a higher level of

description, emerging from a simple low -level
rule.
C Emergence = emergence -in-the -eye -of-

the -beholder? (controversial definition?)




Pattern Emer genc

AT RIGHT: A 'pentomino’. o e
&

Simple starting state on a
blank background => imme
complexity over 1000 steps
before it settles. Pentomino




Demo/Applets for Game of Life
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Demo/ Appl et : AWhat i1 s the Game

Once the "pieces" are placed in the starting position, the rules
determine everything that happens later. Nevertheless, Life is
full of surprises! In most cases, it is impossible to look at a
starting position (or pattern ) and see what will happen in the
future. The only way to find out is to follow the rules of the

game.

Demo /applets are linked at Econ 308 Syllabus (1.A)

0



Game of Life: Some Implications

Basic Complex System Paradigm:

V Many interacting units;

V Parallel (distributed) actions;
V Locally determined (bottom up) actions.

Complex global system behavior arising from
(Ahemergent fromo) simple rul

Emergent Patterns: Gliders, pentominos, blocks,
traffic lights, blinkers, glider -guns, eaters, puffer -
trains ...




Anothenfamous:2DI CA Example:
The Schelling:Segregationc:Maodel

A An interesting and important puzzle:
A after 1964 housing discrimination was illegal
A since 1950 racial prejudice has declined
A yet neighborhoods remain highly segregated

A T. C. Schelling (1978) hypothesized that segregation:
A does not need to be imposed (top -down)
A does not reflect preferences (bottom  -up)
A self -organizes through dynamic interaction

A Schelling was a co-recipient of the 2005 Nobel Prize in

Economi-cs. He  1:s consi-dasede d

modeling.




The Schelling:Segregationc:Maodel

Micro - level rules of the game

Stay if more than
one third of your

neighbors are 0kino

> 1/3
yall X
oo Move to random Thomas C. Schelling
vacant location Micromotives and
otherwise Macrobehavior, 1978




