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Abstract—Community detection is a discovery tool used by
network scientists to analyze the structure of real-world net-
works. It seeks to identify natural divisions that may exist in the
input networks that partition the vertices into coherent modules
(or communities). While this problem space is rich with efficient
algorithms and software, most of this literature caters to the
static use-case where the underlying network does not change.
However, many emerging real-world use-cases give rise to a need
to incorporate dynamic graphs as inputs.

In this paper, we present a fast and efficient incremental
approach toward dynamic community detection. The key con-
tribution is a generic technique called ∆-screening, which
examines the most recent batch of changes made to an input
graph and selects a subset of vertices to reevaluate for potential
community (re)assignment. This technique can be incorporated
into any of the community detection methods that use modu-
larity as its objective function for clustering. For demonstration
purposes, we incorporated the technique into two well-known
community detection tools. Our experiments demonstrate that
our new incremental approach is able to generate performance
speedups without compromising on the output quality (despite its
heuristic nature). For instance, on a real-world network with 63M
temporal edges (over 12 time steps), our approach was able to
complete in 1056 seconds, yielding a 3× speedup over a baseline
implementation. In addition to demonstrating the performance
benefits, we also show how to use our approach to delineate
appropriate intervals of temporal resolutions at which to analyze
an input network.

I. INTRODUCTION

Community detection is a fundamental problem in many
graph applications. The goal of community detection is to
identify tightly-knit groups of vertices in an input network,
such that the members of each community share a high con-
centration of edges among them than to the rest of the network.
Owing to its ability to reveal natural divisions that may exist in
a network (in an unsupervised manner), community detection
has become one of the fundamental discovery tools in a
network scientists toolkit. The operation is widely used in
a variety of application domains including (but not limited
to) social networks, biological networks, internet and web
networks, citation and collaboration networks, etc. Designing
efficient algorithms and implementations for community detec-
tion has been an area of active research for well over a decade.
While theoretical formulations are known to be NP-Hard,
there are a number of efficient heuristics and related software
already available. A comprehensive review of community
detection methods and related applications is available in [1].
However, most of the existing tools target static networks;
whereas most real-world networks are dynamic, where vertices
and edges can be added and/or removed over a period of time.

Owing to the increasing availability of dynamic networks,
the problem of dynamic community detection has become an

actively researched topic of late, and multiple methods have
been proposed over the last decade.

Despite these advances, a key remaining challenge in the
design of these algorithms is in quickly identifying the parts
of the graph that are likely to be impacted by a change (or
collectively by a recent batch of changes), so that it becomes
possible to update the community information with minimal
recomputation effort.

Contributions: In this paper, we present an algorithmic
technique and a corresponding incremental approach that
would complement the developments made in dynamic com-
munity methods, and in particular those that use the modularity
function as their clustering objective. More specifically, the
main contributions are as follows:

i) We visit the problem of identifying vertex subsets that are
likely to be impacted by the most recent batch of changes
made to the graph. To address this problem, we present a
technique called ∆-screening [2], which can be effi-
ciently implemented and incorporated as part of existing
dynamic community algorithms that use modularity.

ii) To demonstrate and evaluate this technique, we incorpo-
rated the technique into two well-known classical com-
munity detection methods—namely, the Louvain method
[3] and the SLM method [4]—thereby generating two
incremental clustering implementations.

iii) Using these two implementations, we present a thorough
experimental evaluation on both synthetic and real-world
inputs. Our results show that the ∆-screening tech-
nique is effective in pruning work (to reduce recomputa-
tion effort) without compromising on output quality.

iv) In addition to demonstrating its performance benefits,
we also show how to use our approach to delineate
appropriate intervals of temporal resolutions at which to
analyze an input network.
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