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One important property of many complex networks is their community struc-
ture, that is, the organization of vertices in clusters, with many edges joining
vertices of the same cluster and comparatively few edges joining vertices of dif-
ferent clusters [2, 3]. In social networks communities may represent groups by
interest, in citation networks they correspond to related papers, in the Web
communities are formed by pages on related topics, etc.

Modularity is at the same time a global criterion to define communities, a
quality function of community detection algorithms, and a way to measure the
presence of community structure in a network. Modularity was first introduced
by Newman and Girvan in [6]. Since then, many popular and applied algorithms
used to find clusters in large data-sets are based on finding partitions with high
modularity [1, 4, 5].

The main idea behind modularity is to compare the actual density of edges
inside communities with the density one would expect to have if the vertices of
the graph were attached at random, regardless of community structure. For-
mally, for a given partition A = {A1, . . . , Ak} of the vertex set V (G), let

qA =
∑
A∈A

(
e(A)

|E(G)|
−

(
∑

v∈A deg(v))2

4|E(G)|2

)
, (1)

where e(A) = |{uv ∈ E(G) : u, v ∈ A}| is the number of edges in the graph

induced by the set A. The first term,
∑

A∈A
e(A)
|E(G)| , is called the edge contribu-

tion, whereas the second one,
∑

A∈A
(
∑

v∈A deg(v))2

4|E(G)|2 , is called the degree tax. It

is easy to see that qA is always smaller than one. Also, if A = {V (G)}, then
qA = 0. The modularity q∗(G) is

q∗(G) = max
A

qA(G).

If q∗(G) approaches 1 (which is the maximum), we observe a strong community
structure; conversely, if q∗(G) is close to zero, we are given a graph with no
community structure.

Unfortunately, modularity is not a well studied parameter for the existing
random graph models, at least from a rigorous, theoretical point of view. In
this work, we investigate modularity in random d-regular graphs, the preferential
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attachment model, and the spatial preferential attachment model. The detailed
results can be found in [7].
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