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Correlated Binomial Model on Networks

SHINTARO MoRIT! and MasaTo HiSAKADO'?

We introduce correlated binomial models on networks and study their prob-
ability functions. Using conditional probabilities, we connect random variables
iteratively and construct the joint probability functions of the models on net-
works, including one dimensional lattice, cayley tree, generic random graph and
so on. We study the probability functions and their dependences on network
structures. Comparing correlated binomial models on scale-free networks and
the bi-exponential model introduced by Nath, et al. (2006), we show that the
failure correlation between internet servers are very strong.
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Fig.1 Example of a network. V = {1,2,3,4,5,6,7,8} and B = {(1,2), (1,3), (2,3), (3,4), (4, 5),
(4,6), (4,7), (5,6), (6,7), (6,8)}.
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Fig.2 Example of a network.V = {1,2,3,4} and B = {(1, 2),(1,4),(2,3),(3,4)}.
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1-dim. Lattice p=0.1% = n=10000
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Beta Binomial Model ====--=
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Fig.3 Semi-log plot of p(z) of the one dimensional model. We set p = 1%, pavg. = 10% and
N = 10%. We also plot the probability density of the beta-binomial distribution.
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Fig.5 Plot of p(z) of the cayley tree model. We set z = 3,L = 14, p = 0.1%, pavg. = 5%,
z=3,L =14,p = 0.1%, pavg. = 10%, and z =6, L = 6,p = 0.1%, pavg. = 5%.
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use p = 50%, 60%, 70%.
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Fig.8 Plot of p(z) for the BA model. We set p = 0.1%, N = 10% in common. We take average over
102 network samples. About p, we use p = 50%, 60%. We also plot p(z) for the random tree
model.
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Fig.9 Plot of p(x) for the bi-exponential model (solid line) and correlated binomial model on

the general random graph (dotted line). We set a = 0.009 and r; = 0.4,72 = 0.95 and
p = 0.23%, p = 50%, pavg. = 3.8%. We also plot the probability density for the beta binomial
model with p = 3.8% and p = 10%.
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Fig.11 Plot of p(x) for the two dimensional lattice model and the beta-binomial model.
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