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S3 Appendix. Bipartite networks projection and validation. This section
provides a brief overview of the algorithm we have implemented to project our bipartite
networks on a single layer (be it the one of verified users or the one of the hashtags).
Generally speaking, this procedure outputs a monopartite projection by linking any two
nodes, belonging to the same layer, if the number of their common neighbors is
statistically significant; it can be summarized into three steps.

First, a measure quantifying the degree of similarity between two nodes is needed.
Given any two nodes a and [ of the same layer 1, their similarity is provided by the
total number of co-occurrences, i.e. the number of common neighbors V5, computable

as Vg = Z;\Z Viﬁ = Zjvil Ma;mg;. The term Viﬁ:majmgj denotes the ‘single’
common neighbor, defined by the nodes « and 8 with j belonging to the opposite layer;
its value is 1 if nodes a and 8 share node j as a common neighbor and 0 otherwise.
Second, the statistical significance of any two nodes similarity needs to be quantified.
To this aim, observations have to be compared against a proper null model that can be
defined within the mathematical framework of the so-called Exponential Random
Graphs. This framework is based on a very general principle rooted in statistical
physics [1], prescribing to employ the conservative benchmarks that are induced by the
maximization of Shannon entropy. In mathematical notation, given the ensemble M of
networks and the probability P(M) of occurrence of a network M € M, the Shannon

entropy is

S=- Y PM)lnP(M) (1)
MeMm

where the sum runs over the set of all possible bipartite graphs with, respectively, N+
nodes on the T layer and N, nodes on the L layer - as the real network system M*. As
the entropy-maximization procedure is carried out in a constrained framework, let us
define the constraints of the Bipartite Configuration Model (BiCM) [2], i.e. the null
model adopted in the present paper. In this specific model, the ensemble average of the
degrees of users and hashtags (i.e. k& =Y mjq, Vi and b}, = >, mia, V a,
respectively) are considered as fixed. Upon introducing the Lagrange multipliers 8 and
7 to enforce the proper constraints and v to ensure the normalization of the probability,
the recipe prescribes to maximize the Lagrangian function
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with respect to P(M). This leads to:

N+ N
PMI0,n) = [T I pie= (1 = pia)* ™ (3)
i=1a=1
where 2; = e~ %, y, = e " and the quantity pio = 1?;’(; is the probability that user ¢

and hashtag « are connected (i.e. that m;, = 1).

Links independence under the BiCM implies that 1) the presence of a co-occurrence
(i.e. mq;mp; = 1) can be described as the outcome of a Bernoulli trial whose
probability reads fger(Mma;mgi = 1) = pa;jpg; and that 2) the term V3 is the sum of
independent Bernoulli trials, each one characterized by a different probability. The
behavior of such a random variable is described by the Poisson-Binomial (PB)
distribution. Thus, quantifying the statistical significance of the similarity of nodes «
and 8 amounts at computing

p-value(V;5) = Z fre(Vag); (4)
Vas=VZ,

this procedure is repeated for each pair of nodes, hence obtaining (1\%) p-values.
Third, in order to understand which p-values are significant, a validation procedure
for testing simultaneously multiple hypotheses is needed. The choice of the present
paper has been directed towards the False Discovery Rate (FDR) [3] which prescribes
to, first of all, sort the (Ag*) p-values in increasing order, i.e. p-value; < ... <p-value,,
and, then, identify the largest integer i satisfying the condition p-value; < %, where t
represents the single-test significance level (in our case, it is set to 0.01). All p-values
that are less than, or equal to, p-value; are, thus, kept, meaning that all the
corresponding node pairs are linked in the resulting monopartite projection.
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