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Elementary Cellular Automata

An infinite array of bits and a “rule” determining next state of each bit based on 
its current state and state of its neighbours.

Very simple system should display very boring behaviours and properties, right?
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Rules

Rule (00011110)2 = Rule 30

● 256 possible rules
● Reflections and complements leave only 88 “inequivalent” rules
● Naming convention:



Boring (Class 1)

Rapidly converges to uniform states.

(Rule 8)

(Rule 32)



Slightly less boring (Class 2)

Rapidly converges to stable or repetitive states.

(Rule 4)

(Rule 108)



Random (Class 3)

Remains in a “random” state.

(Rule 30)



Random (Class 3)

This one looks random if started from random initial states...

(Rule 90)



Random (Class 3)

But if you start from a “non-random” initial state...

(Rule 90)



Random (Class 3)

Others don’t share that property:

(Rule 30)



Complex (Class 4)

Looks random at first...

(Rule 110)



Complex (Class 4)

With some repetitive islands forming?

(Rule 110)



Complex (Class 4)

Those “things” are “moving”?

(Rule 110)



Complex (Class 4)

Now they are interacting in all sorts of ways.

(Rule 110)



Class 4 and “Universality”

What kind of bounds we can put on this complex behaviour?

1. We can show that rule 110 with a well crafted initial state can emulate a 
cyclic tag system.

2. A cyclic tag system can emulate turing machine.
3. A turing machine can encode any computer algorithm.

Rule 110 can emulate any computer algorithm.
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Class 3 and “Universality”?

Open question: Can one of the random looking ones (e.g. rule 30) emulate a 
turing machine?

There are no obvious moving and interacting “things” that we can use. Nor there 
are any nice repetitive background pattern that does not propagate any simple 
perturbation into full blown randomness.



Generalisation

● n-dimensional grid (e.g. Life)
● Extended neighbourhood
● More states/continuous state values
● Asynchronous
● Substitution systems? (string, set, graph, hypergraph)



So what?



So what?

Noticing that the figure consists of certain particle-like objects sprinkled on a 
more-or-less static background, the simplest (most natural?) thing for you to do 
[…] is to begin cataloging the various “particles” and their “interactions.” […] 
What you almost assuredly will not have, is any idea that the underlying physics 
really consists of a single—very simple—local deterministic rule […]. How 
different is this alien two-dimensional world from our own?

Ilachinski, A. (2001). Cellular automata: a discrete universe. 
World Scientific Publishing Company.



So what?

It bothers me that, according to the laws as we understand them today, it takes a 
computing machine an infinite number of logical operations to figure out what 
goes on in no matter how tiny a region of space, and no matter how tiny a region 
of time. […] So I have often made the hypothesis that ultimately physics will not 
require a mathematical statement, that in the end the machinery will be 
revealed and the laws will turn out to be simple, like the checker board with all 
its apparent complexities.

Feynman, Richard P. (1965). The Character of Physical Law. 
MIT Press.


