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1. INTRODUCTION
Networks are ubiquitous in modern society. From the Internet to
social networks, a network can be divided into clusters where the
nodes in each cluster are tightly connected among themselves, with
sparse connection between a cluster and the rest of the network.
Clusters that satisfy this property are known as communities [1].
In terms of the Internet, communities represent clusters of Au-
tonomous Systems that, once extracted, allow us to identify a mini-
mum set of links whose removal would fragment the Internet. While
there are efficient algorithms to extract communities, a fundamental
issue remains: How well connected are the nodes in a community?

2. METHODS
We propose a technique to measure how tightly connected is a com-
munity. Denote by dij the distance, or minimum number of links,
separating two nodes i and j in a community C. A community
whose nodes are tightly connected among themselves must be such
that the sum of the distance between all pairs of nodes is as small
as possible. That is, the sum W (C) =

∑
i<j dij should be mini-

mal. If T is a minimum spanning tree of C, the ratio W (C)/W (T )
quantifies the probability that C has a topology similar to T . We
define the compactness ratio W ∗ = 1 − W (C)

W (T )
to measure how

tightly connected is the community. The closer that W ∗ is to 1,
the more tightly connected is the community. A related measure
is the clustering coefficient [2], which in terms of social networks
quantifies the probability that two friends have a friend in common.
The compactness ratio measures the global connectedness across a
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Figure 1: (Color online) The compactness of communities in
two networks. In each plot, black dots represent the compact-
ness W ∗ of communities and a blue dot represents the ideal
compactness W ∗

Kn
when a community has all possible edges.

Each blue curve models the ideal compactness and the red
curve provides an upper bound on both W ∗ and W ∗

Kn
.

community, in contrast to the clustering coefficient which measures
the average local cliquishness of a node.

3. RESULTS
We have computed the compactness of communities in various so-
cial, information, technological, and biological networks. See Fig-
ure 1 for results for two real-world networks. For large communi-
ties on n nodes, we find that the compactness changes at a rate that
is at most proportional to 1

n(logn)2
. The largest communities in

some networks have low clustering coefficient (< 0.02), yet high
compactness (W ∗ > 0.3). We have verified that the high compact-
ness of a community can be attributed to edges that act as short-
cuts in the community. The shortcuts connect nodes having high
numbers of links to nodes with low numbers of links, thereby de-
creasing the minimum number of links that separate distant nodes.
The presence of shortcut edges means that the overall structure of
a community can be highly compact, despite a low clustering coef-
ficient.
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