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The deluge of spurious information in causal network infe-
rence

MARTINELLI, T.%; SOARES PINTO, D. O.}; RODRIGUES, F. A2

tiago.martinelli@usp.br

nstituto de Fisica de Sdo Carlos - USP

2Instituto de Ciéncias Matematicas e Computacio - USP

Large databases are a prime opportunity for science, and data analytics is a remarkable new field of
investigation in computer science and physics. Within this paradigm, causal inference (1) is an effective
tool to reveal the mechanisms producing emergent phenomena in a multivariate data-generated complex
system. One of the main questions regarding these mechanisms is how their organization, represented
by large networks, influences the dynamical processes. Such a study is fundamental to control processes
from changes in the network structure avoiding, for example, cascading failures. In practice, however,
the only information available is data recorded from variables with unknown topology. Using causal
algorithms and information theory, we can explore this scenario by quantifying individuals’ influence on
the system, inferring links among them, thus reconstructing the underlying network. In other words,
we can make reverse engineering to obtain a causal graphical model via data. Built upon the concept
of causal faithfulness, the so-called causal discovery algorithms have been proposing the breakdown of
the contributions of the mutual information (MI) and conditional mutual information (CMI) among sets
of variables to reveal influences. (2) These algorithms suffer from the lack of accounting emergent
causes when connecting links resulting in a spuriously embellished view of the organization of complex
systems. Using classical results from Ramsey's theory, we proved that CMI's with large conditioned
datasets contain, necessarily, arbitrary correlations. These correlations appear only because of the size,
not nature, of data. They can be found in "randomly"generated, large enough databases. (3) We also
connected this result with the intrinsic violation of faithfulness to reveal causal emergency. The net result
is an update of the well-known causa discovery algorithms, which can, in principle, detect and isolate
emergent causal influences in the reconstructed network undetected so far.

Palavras-chave: Causal inference. Information theory. Data analysis.
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