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We demonstrate how Forman-Ricci curvature captures essential features of
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a powerful tool to represent complex sys- e e e N son to established network characteristics that are node-based and highly depen-

dent on node degrees, we show that edge weights encode important information

tems. We present geometric tools for cha-
that node-based characteristics fail to capture.

racterizing such complex networks
through the analysis of so far widely
neglected network properties to provide

novel insights into their structure and evo-

lution.

The evaluation of a set of real-world networks — drawn from fields of current major
interest in Data Science — and comparison with three established model networks
(Erd6s-Reényi, Watts-Strogatz, Albert-Barabasi) showed close similarity between the
real-world networks and the Albert-Barabasi model. By measuring the (dis-)similari-
ty between graphs with a curvature-based distance we introduce a classification
scheme for networks. While common distance measures would require an align-
ment of nodes (NP-hard), we perform curvature-based distance estimates in O(n?).
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The curvature maps visualize and statistically evaluate the results. By adding a spa-
tial dimension to commonly used histograms, one gains insight into the communi-
ty structure and directionality of networks.

2. We extend the introduced formalism to Erdos-Renyi-Model ~ Watts-Stroegatz-Model -a-Model
higher dimensions in an attempt to study
the global shape of networks. Our setting
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Y(e) — v(e) = —Ricr(v(e)) - y(e),

that gives rise to a number of data mining tools as proposed in [1,3]. A more theoretical
work [2] extends the 1-dimensional notion for graphs to a higher-dimensional formulation
for polyhedral complexes. We define Euler characteristics for networks as
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putation of Euler characteristics for networks via combi"h'a'to-r-i'él curvature func-

tions. With this, we attempt to define a “prototype” networks that gives rise to a

classification scheme based on the network’s shape. Using small examples, we

Y(X) = Z (1 + gdeg(v) _ deg2(v)> show the evolution of such prototypic limit cases: By evaluating Ricci curva-
ture, one can see the structure of a network.

in terms of the k-dimensional Ricci curvature Ry for nodes (k=0), edges (k=1) and 2-dimensio-
nal faces (k=2). For the simplified case of unweighted networks, this gives
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