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CELLULAR AUTOMATA AS MODELS OF PHYSICS: 
HOW GLOBAL PATTERNS EMERGE FROM SIMPLE, 
LOCAL RULES



https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life. 

GAME OF LIFE: AN EXAMPLE  OF MANY EMERGENT PROPERTIES 
FROM THE SIMPLE RULE SET

https://en.wikipedia.org/wiki/Conway's_Game_of_Life


VON NEUMANN:
SELF-REPRODUCING AUTOMATA



J. von Neumann. Theory of Self-Reproducing Automata. University of Illinois, 1966.  J. von Neumann. The Computer and the Brain. Yale University Press, 1958.

The ribosome + 
assisting biomolecules 
act like a UNIVERSAL
(well … sort of)
CONSTRUCTOR

This is an instructional TAPE, i.e., 
a small part of a larger biological 
algorithm

ARCHITECTURE OF SELF-REPRODUCING “MACHINES”



D. Janzing 2010 “Is there a physically universal cellular automaton or hamiltonian?”  L. Schafer 2014 “A Physically Universal Cellular 
Automaton”

“physical” universality: the ability to implement any 
transformation whatsoever on any finite region

SELF-REPRODUCING AUTOMATA AS 
PHYSICAL SYSTEMS: PHYSICAL UNIVERSALITY



CELLULAR AUTOMATA WITH 
STATE-DEPENDENT “LAWS”



Examples of Case I CA exhibiting OEE. In each panel the environment e is shown on the left, and organism o on the 
right. For each o, the Poincare recurrence rate for an isolated system is highlighted in blue, and the recurrence time 
of the states is highlighted in red.  (Adams et al (2017), Situation awareness and the cognitive management of 
complex systems.)
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Are the ’laws of life’ are the laws of 
information?


