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Periodic Background and 1/f Noise
in Elementary Cellular Automaton Rule 110
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Abstract: Elementary (one-dimensional two-state three-neighbor) cellular automaton rule 110 is capable of
supporting universal computation and exhibits 1/f noise. However, the power spectra of rule 110 do not
always exhibit 1/f-type spectrum because of periodic background particular to rule 110. Since periodic back-
ground in rule 110 does not play a role in supporting universal computation, we can expect that the removal
of periodic background from the space-time pattern does not change the behavior essential to supporting
universal computation. As a result of removing periodic background from the space-time pattern of rule 110,
we found that the range of frequencies that fits the power law broadens. This result suggests a relationship

between 1/f noise and computational universality in cellular automata.
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Fig. 1 Power spectra of rule 110 starting from a random initial
configuration of array size equal to 500. There are peaks
at f = 146 (period: 7) and its harmonics in the spec-
trum. The broken line represents the least-square fit-
ting of the power spectrum in the range of f =1 ~ 100.
The exponent of power spectrum 3 = —0.62, the resid-

ual sum of squares o2 = 0.077.
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Fig. 2 Space-time pattern composed entirely of periodic back-

ground of rule 110. White and black squares represent

cells with state zero and state one respectively.
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Fig. 3 Power spectrum calculated from the evolution composed

entirely of periodic background of rule 110. There are

peaks at f = 146 (period: 7) and its harmonics in the

spectrum.
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Fig. 4 Space-time pattern of the creation of periodic pattern
C> by the collision between glider A* from the left and
E from the right.
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Fig. 5 Space-time pattern of rule 110 starting from a random

initial configuration with array size 200 (top) and the

one obtained from the above by eliminating periodic

background (bottom).
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Fig. 6 Template used to remove the periodic background of
rule 110.
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Fig. 7 Power spectra of rule 110 starting from a random initial
configuration of array size equal to 500. The broken line
represents the least-square fitting of the power spectrum

in the range of f = 1 ~ 100. The exponent of power

spectrum is 8 = —0.79, the residual sum of squares is
o2 =0.012.
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Fig. 8 Scattergram of exponents § and the residual sum of

squares o2 of power spectra estimated from the original
space-time patterns (+) and from the ones obtained by

eliminating periodic background (x).
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