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Cellular Automata in General  



What are Cellular Automata? 

Å CA can be regarded as a potentially unlimited 

collection of finite state automata.   

Å Some types of CA are based on finite state automata, 

but not all.  

Å The cells are arranged on a lattice Ÿ With CA, we get 

a notion of space . 



Cellular Automata - Visualized 



Why Cellular Automata? 

ÅVirtual World perspective : Virtual universe with much 

simpler laws than those we observe in our world . 

Nevertheless, they are capable of exhibiting complex 

collaborative phenomena and give a simple notion of 

space.  

ÅSupport perspective : Some types of CA are able of 

simulating specific aspects of real physico -chemical 

systems .   



Components of a FSA-CA 

ÅAutomata are FSA 

ÅStates 

ÅTransition rules 

Å Initial conditions 

ÅLattice 

ÅGeometry 

ÅNeighborhood 

ÅBoundary Conditions 
 

The quite many ingredients allow a broad variation of types 

of CA.  



Cell and States 

ÅA cell is the basic element of Cellular Automata 

ÅA cell is a kind of memory element and stores a state like 

an FSA 

ÅCell i at time t is in one of a finite set S of k states  

- often binary, S = {0,1} 

- 0 is most often regarded as the "quiescent" state.  

 

 States are often 
color coded 



Lattice: Structure 

ÅA lattice is an (1-D, 2-D, 3-D) array in which all the cells are 

arranged 

ÅA lattice is regular: Structure is the same everywhere.  

 

1-D 

2-D 3-D 



Lattice: Neighborhood 

ÅOn square lattices, two definitions of neighborhood are 

common.  

ÅMore exotic definitions may occur.  

Moore - 

neighborhood 

Von Neumann 

neighborhood 

Extended Moore - 

neighborhood 



Lattice: Space, Distance, Neighborhood 

Å Space enables heterogeneity . Here it looks differently 

than there.  

Å Space defines neighborhoods . This is closer than 

that. Space gives you a concept of distance.  

 

PS: Space gives you also 

a concept of "angle" but 

we don't care.  



Lattice: Space, Distance, Neighborhood 

Space as we know it:  

Heterogeneity and 

distance 

Simplex space:  

Heterogeneity but NO 

distance (orr only one 

distance, without the 

possibility to be closer or 

farer.)  

Graphs and networks: 

Another concept of 

distance.  



Lattice: Boundary Conditions 

Å Infinite/adaptive grid 

ÅThe grid grows as the pattern propagates 

ÅFinite grid 

ÅHard boundary (edge cells have a fixed state, usually 

zero) 

ÅSoft boundary (periodic boundary conditions) 

Å Edge wraps around 

Å 1D is a ring 

Å 2D is torus 

Å Weirder topologies with a twist: Moebius bands, Klein 

bottles 

 



Boundary Conditions 

unbounded 

fixed 

reflective 

periodic 



1-D Lattice 

From (Wuensche and Miller, 1992) 



2-D: Different Periodic Boundary Conditions  

In higher 

dimensions, 

one has a 

multitude of 

possibilities of 

gluing together 

boundaries. 



FSA-CA Transition Rules 

ÅTransition rules determine the next states of the cells as a 

function of  

ÅCell state 

ÅCell states in neighborhood 

ÅTypically rules are uniform, i.e. they are the same 

everywhere. 



Transition Rules: 1-D 

Åk: Number of states 

Å r: range 

ÅFor k = 2 and r = 1 (n = 3) 1-D CA there are: 

Å8 possible neighbor-configuration: k^(2r+1)  

Å256 different rules: k^(k^(2r+1)) 

 

Ą Exhaustive enumeration is possible 

 



Representation: Rule Table 

 

ai(t): state of cell i at time t 



Representation: Rule Table 

 

ai(t): state of cell i at time t 

The rules are named according using 

the output: eight bits can be read as an 

integer, using as least significant bit the 

output of 000. The rule given by this 

table is then named rule 50 


