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Reply to the Commentary on “Critical phenomena in the spreading of
opinion consensus and disagreement”

A. Chacoma,1 D. H. Zanette1,2∗

1. Taking into account the reviewer’s concern
(see Ref. [1]), we have replaced the right panel of
Fig. 1 in our main article (see Ref. [2]) by a plot
showing the evolution of an entire 200-agent array.
We hope that this dissipates the possible confusion
pointed out by the reviewer. The caption and the
main text have been modified accordingly.

2. Indeed, the equivalence between the one-
dimensional (1D) versions of the voter model
with nearest-neighbor interactions and of diffusion-
limited binary annihilation (A + A → 0) has been
recognized since the first studies of coarsening pro-
cesses [3]. The boundaries separating domains with
different opinions in the 1D voter model move as
random walkers, which annihilate with each other
when they meet during their motion. In view that,
in the case of a linear array with pD = pC = 1, our
model reduces to two mutually intercalated voter
systems, the scaling laws of binary annihilation also
apply to our results. It is well known, for instance,
that the number of particles a(t) in 1D diffusion-
limited annihilation decays with time as a ∼ t−1/2

[4]. This implies that, in a finite system, the time
needed for complete annihilation of an initial (even)
number of particles, a(0), goes as T ∼ a(0)2. In our
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model, in turn, the initial number of boundaries
between opinion domains can be seen to behave as
b(0) ∼ n+(0)n−(0)N , where n±(0) is the initial
fraction of agents with each opinion, and N is the
system size. The above result indicates that the
time needed for all the boundaries to disappear is
T ∼ n2

+(0)n2
−(0)N2. In other words, as illustrated

by the results shown in the lower panel of Fig. 2, the
product N−2T depends only on the initial concen-
tration of each opinion. A similar argument makes
it possible to show that the probability of reaching
consensus Pcons depends on n±(0), but it is inde-
pendent of the system size, as shown in the upper
panel of the same figure.

On the other hand, the possible connection
between the case pD, pC 6= 1 and branching-
annihilation random walks, is less clear. As re-
marked by the reviewer, this connection should,
in turn, establish a link with the universality class
of directed percolation. However, the facts that
our model exhibits multiple absorbing states and
that there is no phase where fluctuations persist at
asymptotically long times (as well as the absence
—in the 1D case, where the connection is expected
to hold— of nontrivial critical exponents) do not
seem to suggest a relation to that universality class
[5]. The point, nevertheless, is worth considering
in future work.

3. Certainly, as acknowledged in the paper’s fi-
nal section, the most important direction in which
our model should be extended is to consider more
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complex topologies, in particular, those that rep-
resent real-life social systems. The one- and two-
dimensional arrays studied in the paper are just a
convenient —and probably the simplest— way of
defining the groups of agents that participate in
the opinion dynamics. It must be realized, how-
ever, that the existence of an underlying network
of social contacts (either ordered or not) is not nec-
essary to specify the structure of groups relevant to
our class of models. In fact, the most general defini-
tion of the group structure is to provide a list of all
the groups present in the population, enumerating
the agents that belong to each group. This pro-
cedure encompasses all the possible partitions into
groups of any given population —even those that
cannot be represented by means of an underlying
network [6]— and thus allows for the consideration
of any degree of complexity compatible with the
population size. The active group G and the ref-
erence group G′ involved in each interaction event
can then be chosen —for instance, at random—
from the list that specifies the group structure.

Note that, from this perspective, a network —
whose topology is entirely defined by the list of all
its links— is nothing but a structure formed by a
set of two-agent groups. In this sense, the notion of
group structure generalizes that of network, intro-
ducing a kind of higher-degree connection between
population members [6, 7].
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