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Figure 1: The size metrics for the empirical cascades.
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Figure 2: The orientation metrics for the empirical cascades.
biggest cascade which is also the widest cascade has mass value
1, 414, 815 and breadth value 1, 408, 024, and the longest cascade
owes the length value 57. However, the average mass, breadth and
length values are 5, 4 and 1 respectively.
Size correlation. Figures 1b-d plot the joint density profiles for
the size metrics. We find strong positive correlation between mass
and breadth as shown in Fig. 1b. Indeed, the correlation coefficient
between the logarithmically transformed mass and breadth values
is a strikingly high 0.99, indicating that the breadth accounts for
a large proportion of mass. Figure 1c plots the joint distribution
of length and mass, and we observe the biggest cascades are constrained to a relative small length, while the longest cascades are
with moderate mass values. Figure 1d plots the joint distribution
of length and breadth. We observe the majority of the cascades are
wide and shallow, and there exist narrow and deep cascades. In
contrast, it is difficult to find the very wide and deep cascades, or
the very narrow and deep cascades.
Orientation. The orientation of a cascade measures to what
extent that edges are directionally intertwined within the it. The
orientation is characterized by following four metrics: i ) Branch
coefficient measures to what extent the edges in C spreading out to
different nodes, characterized by the coefficient of variation (the ratio of the standard deviation to the mean)
P of out-degree distribution
p(kout ) of C, where kout (u) =
v 1{(u, v) ∈ E} is the outdegree of node u and 1 is the indicator function. A large branching
coefficient value of C means the edges in C spread out from a couple of source nodes to a large amount of destination nodes, implying the orientation of spreading edges are fully random rather than
spreading along a preferred direction. ii ) Converge coefficient measures to what extent the edges in cascade C converging into one node, characterized by the coefficient ofPvariance of in-degree distribution p(kin ) of C, where kin (v) = u 1{(u, v) ∈ E & u 6= v}
is the in-degree of node v. A cascade with large converging coefficient value indicates a large proportion of edges pointing to a
couple of nodes, implying the information flows tend to converge
into few users. iii ) Reverse ratio measures to what extent the edges
in cascade C pointing to the reverse direction, characterized by
the ratio of the number of reciprocal edges to the total number of
(v,u)∈E & u6=v}|
. iv ) Self-loop ratio
edges, i.e., |{(u,v)|(u,v)∈E &
|E|
measures to what extent the edges in C starting and pointing to
the same direction, characterized by the ratio of the number of nodes which have self-loop edge to the total number of nodes, i.e.,
|{u|(u,u)∈E}|
.
|V |
Non-branching orientations. Existing studies of cascade focus
mainly on the branching-out orientation, but we find other three
orientations are also ubiquitous. Specifically, cascades contain-

ing at least one of the converge, reverse or self-loop orientations,
shown in Fig. 2a, account for 20.0% of the total population. In
addition, cascades usually show a combination of different spreading orientations. The Venn diagram in Fig. 2a shows the number
of cascades with different orientation types and their logical relationships. In total, 9.2% of the total cascades have more than two
orientation types, as shown in the overlapping region of Fig. 2. The
branch coefficient distribution shows a bimodal distribution where
two modes are near 0 and 2 respectively, implying that information
flow in cascades tend to spread along one direction, or a moderate
number of directions. In addition, very large values of branch coefficient do exist. In contrast, the distributions of converge coefficient, reverse ratio and self-loop ratio all peak near 0, a uniform-like
distribution at a moderate value range, and followed by a fat-tail
range at the large values, implying the prevalence of non-branching
orientations and the existence of extreme cases (e.g. each node has
a self-loop edge, or each edge has its reverse counterpart).
Orientation correlation. Further, we examine to what extent
these spreading orientations can coexist. The branch orientation
and converge orientation show non-coexistence relationship like two polarities. Figure 2d plots the heat map of branch coeff. vs.
converge coeff. for each cascade. We find that large converge coeff. values only exist with small branch coeff. values, and vice
versa.
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