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Abstract—We define and analyze two directions to improve On
Demand Clustering (ODC) in self-organizing networks. The first
direction, Spyglass, uses excessive lookup in the match maker’s
two-hop neighborhood. The second direction, Shuffling ODC,
applies link reconfiguration also in case of unsuccessful search,
causing minor modifications in the adjacent topology without
immediate gain. Both directions were evaluated with simulation
using scale-free graphs as network abstraction. Spyglass results in
significantly faster reaction times and larger clusters than the
basic ODC, but with a significantly higher communication over-
head. Shuffling ODC brings similar advantages, significantly
larger clusters and less separated nodes, but without the incre-
ment in the message count. Shuffling ODC, due its emergent self-
shuffling effect, is able to reach more nodes than the other two,
without breaking the rule of locality. We found 20-30% im-
provement in job processing and 35-50% gain in job sharing with
our algorithms, compared to the baseline ODC.

Index Terms— Ad-hoc networks, Clustering, Load-balancing,
Self-organization

I. INTRODUCTION AND BACKGROUND

ELF-ORGANIZATION in networks is gaining significant in-

terest today in various fields from 3GPP LTE [1] to perva-

sive computing [2], [3] and other mobile ad-hoc network
scenarios. Elements in these networks need to share resources,
communicate, perform load balancing or provide services for
each other without the help of a central management entity.
While human network managers possess information about the
state of the whole network, in case of self-organization, nodes
need to rely on locally available information, even if it is in-
complete and non-objective, when making their autonomous
decisions.
Self-organization often uses simple algorithms with emergent
properties, i.e. the multitude of executions result in a complex,
“intelligent” high-level behavior which is of a different quality
than the simple building blocks themselves. Emergent algo-
rithms are often inspired by biological, chemical or physical
phenomena like the behavior of swarms, insect colonies, the
human brain or immune system. These paradigms were used in
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numerous ways to solve problems in computer networks. A
thoroughly researched application field is load balancing [4],
[5], [6], [7]. Self-organization in overlay networks, without the
need for a supervising entity, is also widely used in data grids,
peer-to-peer systems and other types of distributed applica-
tions [8], [9], [10]. It is notable that due to the low processing
power these algorithms demand, self-organization can even be
used in wireless sensor networks [11], [12].

Clustering, in a self-organizing network, means that entities of
the network search for other entities that meet a certain crite-
rion (similarity in case of normal clustering and complemen-
tariness in inverse clustering) and establish connections with
them in form of overlay network links. [13] [14] The resulting
overlay network can be used for various purposes. Load bal-
ancing is one of these use cases; here, entities share their local
workload with members of the cluster. While the efficient
creation of clusters is a prerequisite for efficient load balanc-
ing, it is not a sufficient condition: the load balancing algo-
rithm must also answer the questions when and with which
cluster member to share the load, and what information to use
(collect, store and update) when making these decisions.

Our work focuses on biologically inspired, fully distributed
self-organization algorithms for large overlay networks, with
an emphasis on clustering and load balancing. We considered
the problem of on-demand clustering, where the goal is to ex-
pand the cluster when demand for that occurs, for example the
cluster has more workload than it can process. The demand-
driven problem statement has two main differences from the
general case: (i) the amount of clustering is proportional to the
demand, hence there’s no driving force to expand clusters to
their theoretical maximum size or to assign each and every
node to a cluster, and (ii) the speed of cluster formation is
more crucial, because the demand depicts an immediate re-
quest that cannot wait.

The novelty in the paper is the improved clustering ability
which we demonstrate with a load balancing scenario. We ex-
tend a well-known baseline clustering algorithm in two direc-
tions (Spyglass and Shuffling ODC), and analyze how the
modifications affect the results. Shuffling ODC is introduced
in this paper. Early versions of Spyglass have been discussed
in [15] and [16], however, always evaluated with random to-
pologies. Now we evaluate and compare the algorithms using
scale-free topologies, which provide a much more realistic
abstraction of real networks.

The rest of the paper is organized as follows. Section II de-
scribes the three clustering algorithms: the baseline On De-
mand Clustering, and the two extensions Spyglass and Shuf-
fling ODC. Section III defines the load balancing mechanism
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where the clustering is used. In Section IV and V we investi-
gate the algorithms along different network abstractions
through simulation and compare the results. Finally, Section
VI concludes the paper.

II. CLUSTERING ALGORITHMS

While numerous clustering algorithms are known today, we
chose a specific algorithm family, known as On Demand Clus-
tering. This section, after drafting how the base algorithm
works, describes our two extensions to it, namely Spyglass and
Shuffling ODC.

A. On Demand Clustering

On Demand Clustering, or ODC, is an emergent self-

organization algorithm with beneficial properties on the node

degree, developed at BT Labs [17], [18], [19]. The algorithm
can be summarized as follows.

1. The clustering process is initiated on demand, i.e. when a
node is in need of expanding its cluster.

2. The node where the demand for clustering raises, called
initiator, selects one of its neighbors to serve as match
maker.

3. The match maker looks for a matching node, one that
meets the initiator’s clustering criterion, among its own
neighbors. Returns the match if found.
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4. When the match is not already a neighbor for the initiator,
the rewiring begins. The initiator and the match establish a
link, while, in order to keep the total number of links under
control, the original connection node to the match removes
its own link towards it. The connection node is the match
maker if the match is originally its own direct neighbor.
Otherwise the connection node is the node between the
match maker and the match.

The two-hop search horizon, clearly, promises more lookup
success. However, looking at two-hop neighbors is an opera-
tion of exponential cost, so some kind of optimization is inevi-
table if we want to avoid the exponential communication over-
head. Hence, Spyglass nodes are equipped with a local data
structure called Neighbor Cache (NC) storing information
about nodes in the vicinity. NC needs to be established and
updated with care; while both the build-up and refresh steps
are expensive, having outdated content is even worse as it hin-
ders the self-organization process.

In [20] we discussed various caching strategies that provide

good tradeoff between communication overhead and keeping

the cached contents up-to-date.

The biggest advantage of Spyglass is its reaction speed to re-

quests. The ability of returning a match fast and with a high

probability is a very beneficial property, because clustering
happens on demand, so a request to the match maker means
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