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Abstract— We propose a new budget-based clustering algo-
rithm for self-organizing networks. The basic idea behind our
solution is that nodes first sense the environment using inherent
Hello packets before starting forming clusters. In contrast with
previous solutions that blindly distribute the budget to nearby
nodes, our Potential-Based Clustering algorithm applies a pro-
portional budget distribution based on the connectivity degree
of the nodes. This approach matches the principle that nodes
in real networks are not uniformly distributed. Our simulation
results show that the proposed approach outperforms previous
ones.

Index Terms— Networks, Distributed algorithms, Clustering
methods.

I. INTRODUCTION

Among the multiple existing techniques for achieving nice
scalability properties in self-organizing networks, clustering
is perhaps the one that has received the most attention from
the research community [1]. In this letter, we are interested
in investigating a particular class of clustering techniques
called budget-based clustering [2]. This approach has the
advantage of producing bounded-size clusters, in contrast with
many other existing solutions ([3], [4], [5], [6]). In budget-
based clustering algorithms (further detailed in Section II), an
initiator node (the cluster-head) is assigned an initial budget.
The cluster-head starts then to distribute the budget among
its neighbors, which in turn do the same until the budget
is exhausted. By controlling the allocated budget for cluster
formation, one is able to control the intended cluster size, i.e.,
the upper bound on the cluster size.

Producing bounded clusters whose sizes are close to the
allocated budget is a key optimization issue. Furthermore,
obtaining clusters of a predefined size is a desired charac-
teristic, especially in networks where bandwidth is the main
performance bottleneck. The problem with previous budget-
based clustering algorithms, such as the Rapid and Persistent
ones [2] (also refer to Section II for further details), is that
they either do not achieve this optimization or generate too
much message overhead in doing so. This is fundamentally
because nodes adopting these algorithms for budget allocation
disregard the nature of neighbors.

In this letter, we propose a new budget-based clustering
algorithm that care about the environment that nodes are sur-
rounded by in order to avoid blind budget distribution among
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neighbors. This algorithm, called Potential-Based Clustering,
or PBC, aims at producing bounded clusters closer to the
allocated budget. Basically, nodes distributing a budget apply
a weighted assignment policy that considers the neighbors’
connectivity degree. We propose two variants of our algorithm,
namely PBC-simple and PBC-persistent. The first one is based
on the Rapid algorithm, whereas the second is based on Persis-
tent algorithm. Through simulations with random topologies,
we show that both versions provide better performance than
the algorithm they are based on, producing clusters that are
closer to the initial budget.

II. BUDGET-BASED CLUSTERING

Krishnan and Starobinski [2] propose two algorithms for
budget-based clustering: Rapid and Persistent. In the Rapid
algorithm, the initiator node A is assigned a budget βA, of
which it accounts for itself and distributes βA − 1 to its
neighbors. These neighbors do the same and so on until the
budget is exhausted. If a node receives a budget that it cannot
propagate because there are no neighbors in its subtree, this
node simply discards its extra budget. The overhead generated
is then minimum, but it may result in clusters much smaller
than the initial budget would allow.

As a consequence of such an observation, a second budget-
based algorithm is proposed [2]. This algorithm, called Persis-
tent, aims at obtaining cluster sizes as close as possible to the
initial budget. When a node receives a message, it does not
immediately send an acknowledgment to the initiator. When
either the budget is met or when further growth is not possible,
an acknowledgment is sent. In the case the budget cannot
be completely distributed (e.g., because there are not enough
neighbors), the node sends an acknowledgment indicating the
exceeding budget. The initiator tries then to redistribute those
remaining tokens. The algorithm terminates either when the
budget is completely distributed or when no further growth
is possible. In summary, the persistent algorithm tries to
distribute the tokens by browsing the whole tree and seeking
for available nodes.

III. POTENTIAL-BASED CLUSTERING

Both Rapid and Persistent algorithms apply a blind method,
i.e., nodes distributing budgets disregard the nature of their
neighbors. This leads to wasting tokens distributed to nodes
without enough available neighbors, whereas other nodes still
have neighbors available to join the cluster.

In this context, we propose a new methodology to obtain a
more strategic distribution of the allocated budget. We assume
that nodes exchange Hello packets and, most importantly,
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(a) Rapid
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(b) PBC-simple
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(c) Persistent

3

A

7

2

3
4

3

4 2

2

4

1
3,1

2

7

1,1

11

1

1

2

1

1 2

1

1

1

1

(d) PBC-persistent

Fig. 1. Example of topology comparing the different algorithms. Flooding is initiated by node A. Links with multiple values are subject to multiple consecutive
distributions and the label of each node corresponds to its potential.

learn from each other using these packets. The algorithm we
propose in this paper relies on the following assumption.

Assumption 1: If node A has more neighbors than node
B, then the subtree associated to A is likely to be larger (in
numbers of nodes) than the subtree associated to B.

We call the number of neighbors of a node the potential
of this node. Thus, relying on Assumption 1, we consider
that the number of neighbors of a node is likely to be
proportional to its distribution potential. Every node maintains
a database containing the potentials of its neighbors and uses
this database to determine the amount of budget assigned
to each one of them. For any node X in the network, let
N(X) = {x1, x2, . . .} denote the set of X’s neighbors and
|N(X)| be the size of this set. The potential of node X ,
denoted π(X), is then given by:

π(X) = |N(X)|. (1)

Let A be a node handling some budget βA to be distributed
among its neighbors. Node A first accounts for itself and then
distributes the remaining tokens to its neighbors based on their
potentials – a neighbor with higher potential receives more
tokens than a neighbor with lower potential. The amount of
budget assigned to neighbor ai ∈ N(A) is thus:

βai =

⌊
(βA − 1)π(ai)∑|N(A)|

j=1 π(aj)

⌋
. (2)

We show through simulations in Section IV that this as-
sumption is verified frequently enough to lead to good results
in random topologies.

From Eq. 2, we see that some tokens may be unassigned
if (βA − 1) is not a multiple of

∑|N(A)|
j=1 π(aj). In this case,

the remaining tokens can be evenly distributed among the βr

neighbors with the lowest potentials. We define βr as:

βr = (βA − 1)−
|N(A)|∑

j=1

βaj . (3)

For the βr lowest-potential neighbors, node A performs
βai ← βai + 1 before distributing the budget. This guarantees
that no tokens are wasted. Experimentally, we observed that
attributing the remaining tokens to lowest-potential neighbors
provides better performance to PBC algorithms. Without this

design choice, a low-potential node frequently remains without
any tokens until it initiates its own cluster. However, at this
point, no neighbors are then available to accept the tokens.
In other words, the tokens propagate through the topology
avoiding low-potential nodes and clustering highest-potential
ones, which results in small clusters in low-density areas
and excessive lost tokens in high density areas. Distributing
the remaining tokens to lowest-potential nodes attenuates this
counterproductive phenomenon by giving more chances to
low-potential nodes to join growing clusters.

The same distribution scheme is applied by the nodes in the
subtrees until the budget is exhausted or no further growth is
possible. Both PBC algorithms use this method to distribute
tokens. The difference is that in the PBC-simple algorithm, if
a node is still assigned with extra tokens, the exceeding tokens
are lost, as they are in the Rapid algorithm. As for the PBC-
persistent algorithm, the exceeding tokens are sent back to the
distributor and assigned to an available node if possible, using
the same mechanism as Persistent.

As a basic example, we propose a simple topology on
which we execute the 4 algorithms, with an initial budget of
β = 13. Figure 1(a) presents the Rapid algorithm running on
this topology. Observe that only 10 nodes joined the cluster
initiated by A. PBC-simple optimizes this algorithm, reaching
12 joining nodes, as represented in Figure 1(b). Figure 1(c)
illustrates the Persistent algorithm. The second value on some
links represents the number of exceeding tokens assigned in
a second distribution. Figure 1(d) shows that PBC-persistent
provide the same maximal cluster size than Persistent, but it
tries to assign tokens proportionally to the degree of connec-
tivity of each neighbor. In this way, the remaining 3 nodes are
less sparse and can produce another cluster. On the contrary,
Persistent produces more frequently isolated nodes on the
leaves which are likely to produce separated clusters, lowering
the average size of the clusters.

To consider the potential of a neighbor more deeply, we
use in our algorithm the notion of aggregate potential, which
corresponds to the potential plus the sum of the neighbors’
potentials.

IV. PERFORMANCE ANALYSIS

To compare the different algorithms, we performed simula-
tions over random topologies. The simulator used is NS-2 [7],
and the topologies were generated on a square surface of
2000 × 2000 meters, with a radio range of 100 meters for
each node. The number of nodes ranges from 250 to 1300 in
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(a) Example of random 1000-node topology generated by the
simulator.
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(b) Average cluster size depending on the node density.

Fig. 2. Simulation results over random topologies.

order to simulate different average node densities. For a more
realistic topology, we fixed some high-density areas through
the topology, as illustrated in Figure 2(a). Previous works
(e.g., [8], [9], [10]) consider such heterogeneous topologies.
For each average node density, a new random topology was
generated. The algorithms were compared on a same topology
for each average node density.

The efficiency of a budget-based clustering algorithm is
evaluated according to the average cluster size produced. The
best case would be to get cluster sizes equal to the initial
budget. Nevertheless, the token propagation does not always
allow reaching such a size, and the average cluster size is
lower than this value in general. Nevertheless, the closer this
average size to the initial budget, the more efficient the budget-
based clustering algorithm. Figure 2(b) presents the average
size of clusters produced by each algorithm depending on
the average node density with a budget set at β = 50. Each
presented value corresponds to an average obtained through
6 simulations. The Rapid algorithm is the less efficient, as
expected. This is due to the blind distribution and the tokens
lost by nodes without enough neighbors available. Using the
same approach, our algorithm PBC-simple provides better
results by distributing tokens according to the potentials,
i.e., avoiding token waste. By sending back the exceeding
tokens, the Persistent algorithm reaches better performance,
whereas the average cluster size is even better when using
our PBC-persistent algorithm. For both approaches, taking into
account the potentials of neighbors when distributing tokens
provide significant optimization of clustering, which confirms
Assumption 1 for random topologies generated through our
simulations.

V. CONCLUSION

In this letter, we propose to consider the degree of con-
nectivity of neighbors when distributing tokens in budget-

based clustering algorithms. We propose two algorithms, PBC-
simple and PBC-persistent, to produce clusters with sizes
closer to the initial budget. We show through simulation that
on random topologies, the average size of clusters obtained
using our approach is larger than in previous work.

Our current work focuses on determining the best set of
nodes that should initiate flooding to optimize the algorithms,
instead of assigning random timers to the nodes.
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