
Text S1. Definition of Network Properties.

S1.1 Directed and Undirected Networks

A network G, called graph in mathematics, consists of a set N of nodes ni and a set L of links connecting
these nodes: G := (N ,L) [1–3]. In a directed network, links are ordered pairs: L 3 lij := (ni, nj) is a link
from node ni to node nj . In an undirected network, links are unordered pairs of nodes: Lundir 3 lij :=
{ni, nj}. Here, a node represents a player in the game, while a link represents an interaction between
two players. For each of the interaction types we studied, we produce a separate network, denoted by a
superscript on the associated quantities. The (directed) links are constructed in the following way:

lij ∈ Ltrade if player i has traded with a building of player j,

lij ∈ Lcomm. if a message has been sent from player i to player j,

lij ∈ Lfriend if player i has marked player j as friend,

lij ∈ Lenemy if player i has marked player j as enemy.

The symmetrization Gundir = (N ,Lundir) of a directed network G = (N ,L) is constructed in the following
way: Starting with Gundir,0 = (N ,Lundir,0), where Lundir,0 = ∅, a link lij is added to Lundir,0 if lij ∈ L or
if lji ∈ L.

S1.2 Degree

In an undirected network, the degree kundir,i of ni is the number of other nodes nj , for which the link lij
is present in the network, kundir,i := #{nj : lij ∈ Lundir} (where #{. . . } means the cardinality, i.e. the
number of elements of the set). Ni := {nj ∈ N : lij ∈ Lundir} is called the set of (nearest) neighbors of
node ni. In a directed network, there are two degrees: The indegree kin,i of node ni is the number of
other nodes nj , from which a link points to node ni in the network, kin,i := #{nj : lji ∈ L}. Accordingly,
the outdegree kout,i of node ni is the number of other nodes nj , to which a link points from node ni in
the network, kout,i := #{nj : lij ∈ L}.

S1.3 Clustering Coefficient

In an undirected network, the clustering coefficient Ci of node ni is the ratio of pairs of neighbors of ni

that are connected to the number of all pairs of neighbors of ni,

Ci :=
#{ljk ∈ L : nj ∈ Ni ∧ nk ∈ Ni}

1
2ki(ki − 1)

.

Clustering coefficients have been calculated using the function ‘clustercoeffs’ from the package ‘gaimc’
by David Gleich1.

S1.4 Nearest-Neighbor Degree

In an undirected network, the nearest-neighbor degree knn,i of node ni is the average (undirected) degree
of its neighbors,

knn,i := 〈kundir,j〉nj∈Ni
.

1available at https://github.com/dgleich/gaimc
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