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1/f Noise in Elementary Cellular Automata

SHIGERU NINAGAWA'

The spectral analysis of 88 distinct elementary cellular automata has been done. The power
spectra are calculated from the temporal evolution of the state of cells from a random initial
configuration. The power spectrum of rule 110 which has been proved to be capable of uni-
versal computation shows 1/ f noise. This result suggests that there is a relationship between
1/f noise and computational universality in cellular automata.
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Fig.1 Examples of space-time patterns of elementary cel-
lular automata of 100 cells for 100 time steps from

a random initial configuration.
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Fig.2 Examples of the power spectra of elementary cellu-
lar automata. Array size is 500 and the observed
time step is 1024.
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Fig.3 Power spectrums of #110 (top), #54 (middle) and
#62 (bottom). Array size is 500 and the observed
time step is 1024. The dashed line represents the

least square fitting of the spectrum in the range of
f=1~10by InS(f) = a+BIn f, 8 = —1.3 (#110),
—0.6 (#54) and —1.2 (#62).
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Fig.4 Space-time patterns of elementary cellular au-
tomata #54 (left) and #62 (right) of 100 cells for
100 time steps from a random initial configuration.
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Fig.5 Average of B in power spectra from 400 random ini-

tial configurations as a function of array size N and
the observed time step T. Top: #110 (solid line)
and #54 (dotted line). Bottom: #110 (solid line)
and #62 (dotted line).
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