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Directed Network as a Chaotic Piecewise-linear Map and

Large-deviation Statistics

SYUJI MIYAZAKIY

Directed network such as WWW can be represented by a stochastic matrix. Comparing this
matrix to a Frobenius-Perron matrix of a chaotic piece-wise linear one-dimensional map whose
domain can be divided into Markov sub-intervals, we are able to relate network structure to
chaotic dynamics. Just like various large-deviation properties of local expansion rates (finite-
time Lyapunov exponents) related to chaotic dynamics, we can also discuss those properties

of network structure.
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Fig.2 One-dimensional map corresponding to the

directed network shown in Fig. 1.
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Fig.3 Characteristic function ¢(gq).
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Fig.4 Weighted average u(q).

0 1 0
H,=|1/2 0 1
1/2 0 0
edloe2 0 0
X 0 edlos! 0
0 0 el log 1
0 1 0
=120t 0 1
2071 0 0

0000 ¢()0000000 u(q)0OOD0 x(g) O
000000 3004005000000 0u(g) 0O
000000000000 000u(—o00) = (log2 +
logl1+1logl)/3=(log2)/30 3000000000
O0u(+o00) = (log2+1logl)/2 = (log2)/20 200
0000000000w(0)D000O0O0OO0oOooOO
0000 «00000000000000 H = Hop
gooo1g0ooooboooooooobboooon

05 000000 x(q)
Fig.5 Weighted variance x(q).

S (u)

0.31

027"

0.11

0 0.26 0.3 0.34
u
06 000000000 SwDOODODOD0OO0O0OO0OO0OOO
oooooo

Fig.6 Fluctuation spectrum S(u) (line) and parabola
indicating the central limit theorem (symbol).
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Fig.7 Generalized spectral density I4(w) (¢ = =5, 0, 5).
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