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only whether halting occurred before some fixed time, and not 
whether it occurred after an arbitrarily long time. 

For class 4 cellular automata, the outcome of evolution from 
almost all initial configurations can probably be determined 
only by explicit simulation, while for class 3 cellular automata 
this is the case for only a small fraction of initial states. Neverthe­
less, this possibility suggests that the occurrence of particular 
site value sequences in the infinite time limit is in general 
undecidable. The large time limit of the entropy for class 3 and 
4 cellular automata would then, in general, be non-computable: 
bounds on it could be given, but there could be no finite 
procedure to compute it to arbitrary precision. (This would be 
the case if the limit sets for class 3 and 4 cellular automata 
formed at least context-sensitive languages.) 

While the occurrence of a particular length n site value 
sequence in the infinite time limit may be undecidable, its 
occurrence after any finite time t can, in principle, be determined 
by considering all length no = n + 2rt initial sequences that could 
ev~lye to it. For increasing n or t this procedure would, neverth<:-
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less, involve exponentially-growing computational resources, so 
that it would rapidly become computationally Intractable. It 
seems likely that the identification of possible sequences gener­
ated by class 3 and 4 cellular automata is, in general, an NP­
complete problem (see ref. 15). It can, therefore, presumably 
not be solved in any time polynomial in n or t, and essentially 
requires explicit simulation of all possibilities. _ 

Undecidiibifity-and intractability are common in problems of 
mathematics and computation. They may well afflict all but the 
simplest cellular automata. One may speculate that they are 
widespread in natural systems, perhaps occurring almost 
whenever nonlinearity is present. No simple formulae for the 
behaviour of many natural systems could then be given; the 
consequences of their evolution could be found effectively only 
by direct simulation or observation. 
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