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Binary-state models on complex networks are used to de-
scribe the effect of interactions within a population of indi-
viduals. There is a broad spectrum of models that can depict
competition between two opinions, language dynamics, the
spreading of diseases, neural activity, etc. Analytical and nu-
merical methods have been proposed capable of estimating
the most important macroscopic quantities that portray the
global state of the system [1]. However, most of the times,
they are based on deterministic assumptions, where fluctua-
tions and finite size effects are neglected. In this work, we
relax these assumptions and we generalize the previous pro-
posed methods, taking into account the full stochastic na-
ture of the models. Specifically, we will focus on the noisy
voter (Kirman) model, which is of particular relevance on
the study of price fluctuations of financial markets. The
model divides the population between optimistic (state0)
and pessimistic (state1) agents. The agents are allowed to
change state randomly (idiosyncratically) with probability
ratea or copying the state of a random neighbour agent in
the network with probability rateh. The level of description
of the method presented here includes as variables the num-
berL of active links (connecting a node in state0 to another
in state1) and the total numbernk of nodes that hold state1
and have degreek (number of neighbours). When an agent
with k neighbours, among whichq are in state1, changes
its state, the global variables change likenk → nk ± 1 and
L → L ± (k − 2q). Using the pair approximation [2], we
are able to obtain some effective rates for the processes men-
tioned above, that only depend on global variables{nk}, L.
The most problematic issue that one faces when dealing with
the stochastic description of this type of models is the capa-
bility of closing the equations for the moments〈L〉, 〈nk〉,
〈n2

k〉, ... In order to overcome this issue, we propose a sys-
tem size expansion (N ) like

L = NφL(λ) +NδL +N0νL, (1)

nk = Nφk(λ) +Nδk +N1/2ξk +N0νk, (2)

with a Van Kampen like part that involvesδk (determinis-
tic), ξk andνk (stochastic), plus and additional non-trivial
stochastic partφk(λ) that corresponds to a special determin-
istic trajectory which is an attractor of all the rest (whereλ is
a stochastic variable that corresponds to the parametrization
of the trajectory). The idea behind this peculiar expansionis
that the usual Van Kampen expansion fails to reproduce cor-
rectly the results in the critical region of parameters, while
Eqs.(1-2) perform well in the entire region. Within this ap-
proach, we are able to obtain analytical expressions for the
stationary average of the order parameter〈L〉st, the fluctua-
tions of the total number of agents in state1, i.e. σ2

st[n], as
well as the correlation function〈n(t+ τ)n(t)〉st. The results
are compared with the novel method [3], which makes use
of an annealed network type of approximation, as well as,

with the pair approximation but neglecting fluctuations (de-
terministic), see Figure 1. The method presented here im-
proves previous results and it is a step forward in the char-
acterization of stochastic effects in binary-state modelson
complex networks.

0.0

0.1

0.2

0.3

0.4

0.5

10-7 10-6 10-5 10-4 10-3 10-2 10-1 100 101

〈ρ
〉 s

t

a

Order parameter

ER
BA

DEL

10-1

100

101

102

103

10-6 10-5 10-4 10-3 10-2 10-1 100 101

σ s
t2 [n

]/N

a

Fluctuations

ER
BA

DEL

Figure 1: Stationary average density of active links〈ρ〉st =
2〈L〉st/N〈k〉 (upper panel) and variance of the total number
of agents in state1 (lower panel). Dots correspond to numer-
ical simulations of three different networks, Erdös-Ŕenyi
(ER), Barab́asi-Albert (BA) and Dichotomous (DEL), with
N = 2500 and〈k〉 = 4. Colored solid lines are the stochas-
tic pair approximation prediction, the black solid line is the
deterministic pair approximation, while dashed colored lines
are the annealed network approximation [3].
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