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1/f Fluctuation in the Iterated Prisoner’s Dilemma

SHIGERU NINAGAWA

In the evolution of strategies in the iterated Prisoner’s Dilemma, the abrupt extinctions of
various sizes happen. We found that the frequency distribution of extinction sizes follows a
power law like the one in the real biological evolution and that the temporal variation of the
number of species behaves as 1/f fluctuation. By comparison with other dilemma games we
suppose that the stronger the degree of dilemma of a game is, the closer to 1/f fluctuation
the temporal variation of the number of different strategies becomes.
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Table 1 Payoff table. The first of each pair in matrix en-
tries is the payoff to the row player and the second
is to the column player.

C D
c| R R[S T
D| T8 | PP

-
o
o
o
T
1

species

0
8000 8200 8400 8600 8800 9000
generation

01 8,00009,00000000000
Fig.1 The number of species from 8,000 to 9,000
generation in the evolution of IPD.
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Fig.2 Histogram of the frequency P of extinction of var-

ious sizes s. The dotted line represents the least

square fitting of the data by S s®, where b =
—1.61.
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Fig.3 Average power spectra on the variation of the num-
ber of species in IPD (a), Chicken (b), Stag Hunt
(c), and Deadlock (d). The dotted line represents
the least square fitting of the data from f = 1 to
f =100 by S(f) o f°, where b = —0.93 for IPD,
b = —1.04 for Chicken, b = —0.14 for Stag Hunt,

and b = —0.09 for Deadlock.
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