Thresholding normally distributed data creates
complex networks
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ABSTRACT

Network data sets are often constructed by some kind of thresholding procedure. The resulting networks frequently possess
properties such as heavy-tailed degree distributions, non-zero clustering, large connected components and short average
shortest path lengths. These properties are considered typical of complex networks and appear in many contexts, prompting
consideration of their universality. Here we introduce a very simple model for continuous valued relational data and study the
effect of thresholding it. We find that some, but not all, of the properties associated with complex networks can be seen after
thresholding, even when the underlying data is not “complex”.

We examine the properties of networks created by thresholding relational data. To do this we introduce a basic null model
of the underlying data, which is then thresholded. The model is derived from three assumptions: (1) all nodes are statistically
identical; (2) any correlations are local; and (3) the underlying data is normally distributed. If there are n nodes, the underlying
data will be an n X n symmetric matrix, X. The listed assumptions lead to a simple one parameter normal model for the data:

X~A4(0X),  where, Zijap=L  Zapew =P Zajmn =0 M
Networks are created by thresholding X. For each pair of nodes i, j, if X;; >t we say there is an edge. Despite the fact that
the underlying data is fully connected and normally distributed (a situation not usually considered “complex’) we find the
thresholded networks display some of the properties typically ascribed to complex networks. As an example, below we show
some degree distributions for real-world networks along with the normal model predictions.
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Figure 1. Degree histograms for three real-world networks along with fitted distributions from the threshold model. We show
(a) A high school friendship network, (b) a co-authorship network between scientists, and (c) a protein—protein interaction
network. These networks were chosen for their different degree distributions — note the different scales on the axes: linear,
log-linear, and log-log.



