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When people tell me women can’t do maths



1D Cellular Automata

• There are 8 configurations 

• Each cell has 2 neighbours



Wolfram’s Classification
• Wolfram showed that there are 256 CA  

• Rule 0 

• Rule 1 

• Rule 2 

• ...

One-Dimensional Automata

I Consider a line of cells, each either black or white, whose states
evolve according to rules that depend on the initial state of a cell
and its two neighbours.

I Wolfram showed there are 256 possible choices, numbered from
0 to 255.

I Rule 0 is

I Rule 1 is

I Rule 2 is
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Rule 1

One initial black cell evolves like  

Evolution of One Black Cell

I Rule 1:
with one initial black cell evolves like

I Rules can be posed as equations on the state ui(t), where ui = 0
means the i-th square is white and ui = 1 means it is black.

I Rule 1 is

uj(t + 1) = 1 � max
�
uj�1(t), uj(t), uj+1(t), 0

⇥

I So the block (. . . , 0, 0, 1, 0, 0, . . .) gives (. . . , 1, 0, 0, 0, 1, . . .).

Evolution of One Black Cell

I Rule 1:
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means the i-th square is white and ui = 1 means it is black.
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• CA can also be written as equations on a state         
where             means white   and              means 
black. 

• Rule 1 is then  

Rule 1 Again 

ui(t)
ui = 0

uj(t+ 1) = 1�max(uj�1(t), uj(t), uj+1(t), 0)

Evolution of One Black Cell

I Rule 1:
with one initial black cell evolves like

I Rules can be posed as equations on the state ui(t), where ui = 0
means the i-th square is white and ui = 1 means it is black.

I Rule 1 is

uj(t + 1) = 1 � max
�
uj�1(t), uj(t), uj+1(t), 0

⇥

I So the block (. . . , 0, 0, 1, 0, 0, . . .) gives (. . . , 1, 0, 0, 0, 1, . . .).



Rule 30

Other Rules: Rule 30

I One black cell evolves under Rule 30 as

Rule 30 -- From MathWorld http://mathworld.wolfram.com/Rule30.html
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Discrete Mathematics  Cellular Automata 

Rule 30

One of the elementary cellular automaton rules introduced by Stephen Wolfram in 1983 (Wolfram 
1983, 2002). It specifies the next color in a cell, depending on its color and its immediate
neighbors. Its rule outcomes are encoded in the binary representation . This 

rule is illustrated above together with the evolution of a single black cell it produces after 15 steps
(Sloane's A070950; Wolfram 2002, p. 55).

250 iterations of rule 30 are illustrated above.

Rule 30 is of special interest because it is chaotic (Wolfram 2002, p. 871), with central column 
given by 1, 1, 0, 1, 1, 1, 0, 0, 1, 1, 0, 0, 0, 1, ... (Sloane's A051023). In fact, this rule is used as 
the random number generator used for large integers in Mathematica (Wolfram 2002, p. 317). 
Interpreting the central column as binary numbers and taking successive bits gives he sequence
of numbers 1, 3, 6, 13, 27, 55, 110, 220, 441, 883, 1766, ... (Sloane's A092539). The members of 
this sequence that are prime are 3, 13, 883, 237051898781, ... (Sloane's A092540).



Other Rules: Rule 30

I After 250 iterations:

Rule 30 -- From MathWorld http://mathworld.wolfram.com/Rule30.html
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Rule 30

One of the elementary cellular automaton rules introduced by Stephen Wolfram in 1983 (Wolfram 
1983, 2002). It specifies the next color in a cell, depending on its color and its immediate
neighbors. Its rule outcomes are encoded in the binary representation . This 

rule is illustrated above together with the evolution of a single black cell it produces after 15 steps
(Sloane's A070950; Wolfram 2002, p. 55).

250 iterations of rule 30 are illustrated above.

Rule 30 is of special interest because it is chaotic (Wolfram 2002, p. 871), with central column 
given by 1, 1, 0, 1, 1, 1, 0, 0, 1, 1, 0, 0, 0, 1, ... (Sloane's A051023). In fact, this rule is used as 
the random number generator used for large integers in Mathematica (Wolfram 2002, p. 317). 
Interpreting the central column as binary numbers and taking successive bits gives he sequence
of numbers 1, 3, 6, 13, 27, 55, 110, 220, 441, 883, 1766, ... (Sloane's A092539). The members of 
this sequence that are prime are 3, 13, 883, 237051898781, ... (Sloane's A092540).

Rule 30 is chaotic. It is used as a random number generator.

After 250 iterations

Used as a random number generator in Mathematica



Methods to analyse CA models
Cellular Automata Reproduces HIV/Aids Data

From Zorzenon dos Santos, Coutinho, PRL (2001) 168102
� HIV/Aids clinical data: � CA model with four rules

� Crucial parameters in the model include pHIV = 0.05 and pinfec = 10�5.

4

from Zorzenon dos Santos et al PRL (2001) 168102


