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Abstract— In this document, we present a completely
distributed algorithm for partitioning a given set of mobile
nodes into clusters. The proposed algorithm tries to reduce
the amount of computational and information overhead
while maintaining a stable cluster formation. The algo-
rithm is a distributed version of the Basic Leader-Follower
Algorithm used in pattern recognition. Our algorithm does
not require maintaining a cluster head. We also propose
a modified Quality of Service routing algorithm for a
partitioned (clustered) set of mobile nodes in an ad-hoc
network. The proposed algorithm works on the basis of an
acquaintancebased approach in which temporary contacts
enable fast inter-cluster routing.

Index Terms— Quality of Service, Mobile Ad-Hoc Net-
works, Distributed Clustering, Distributed Basic Leader-
Follower Algorithm, Acquaintance-based approach.

I. I NTRODUCTION

M OBILE Ad-Hoc Networks (MANets) were pri-
marily researched for their use in military appli-

cations. But with the burgeoning need for more and more
services for the users, MANets have attracted a lot of
industry interest recently. Ad-Hoc networks are wireless
networks which do not require any fixed infrastructure.
They can be quickly set up without the need for any
base station or access points as in the case of traditional
wireless networks. The temporary nature of Ad-Hoc
networks makes them ideal for applications like military
communication, disaster relief work, conferences etc.

An ad-hoc network is usually modeled by an undi-
rected graph with each vertex representing a node in the
network. An edge between two vertexes implies that the
two corresponding nodes can communicate with each
other (i.e. each link is bi-directional). Such nodes are
calledneighbours. Since the transmission range of each
node is limited, this puts a limit on the maximum length
of each edge in the graph (if the graph is drawn to scale).
Thus a nodeA may be able to communicate directly
(neighbour) with another nodeB, but not so with a node
C. So, in order forA to communicate withC, it will need
to route the packets via another node or set of nodes. This
is termed asmulti-hopping.

A. Routing in MANets

Finding and maintaining stable routes in an ad-hoc
network is not an easy task. The major stumbling block
is the mobility of the nodes. Almost all the approaches
in literature can be broadly classified into the following
two categories :-

• Pro-Active routing involves keeping routes to all
possible destinations (which is usually all nodes in
the system) and keeping a track of the link parame-
ters so as to find QoS enabled paths quickly as and
when needed by an application. These techniques
require an overhead for maintaining and exchanging
information about the state of the network. [10],
[11]

• Reactive routingon the contrary tries to find paths
on demand.i.e. as and when needed by an applica-
tion, the source node will initiate a route discovery.
These algorithms involve relatively lesser overhead
for exchanging information about network state
but are characterized by larger delays in finding
paths. Flooding algorithms can also be clubbed with
reactive routing algorithms. [12], [13]

Both pro-active and reactive approaches are not scal-
able. In a large network, while the former would need
a very large overhead to exchange network state infor-
mation (which will compete with the data packets for
the already scarce bandwidth), the latter will lead to
large delays especially when the source and destination
nodes are separated by a large no. of hops. Clearly,
some sort of a compromise needs to be achieved between
the two strategies.Clusteringstrategies tend to do just
that. Clustering divides the given network into discrete
partitions. Most of the cluster-based routing algorithms
tend to use pro-active approaches within the cluster and
reactive routing for inter-cluster routing [1], [5]. This
enables one to reach a sort of compromise between pro-
active and reactive routing strategies. Our approach also
uses the same routing strategy with a slight addition (see
Section IV). Clustering also provides one with some sort
of a veil w.r.t. the mobility of a nodei.e. a node in
clusterX does not bother about the motion of a node in
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clusterY. Only nodes in the respective clusters update
their own links and routes when a node (which is in their
cluster) moves. We intend to discuss clustering in detail
in section III.

The remaining part of this document is organized as
follows: In Section II we discuss the significant works
done in the field of cluster-based routing in Mobile Ad
Hoc Networks. In Section III we present our cluster-
ing algorithm and discuss the related issues. Section
IV discusses ouracquaintance-basedapproach to route
packets in our cluster-based system. The results of the
clustering technique are in Section V. Finally, we present
the conclusions of our work in Section VI.

II. RELATED WORK

Cluster formation in Mobile Ad-Hoc Networks have
attracted considerable attention in recent times [5]–[8].
Most of the current approaches are centered around the
idea of a clusterhead which is entrusted the task of
controlling the cluster nodes and maintaining the cluster.
This leads to unnecessary burden on the clusterhead
which itself has limited resources. Also, since most of the
routing decisions are taken by the clusterheads and they
also serve as routers for the packets [17], these nodes
may become bottlenecks in the system. Our scheme does
not involve clusterheads and hence does not suffer from
this drawback.

Some literature is also available for clusterhead-less
strategies. Krishnaet al [9] propose a clusterhead-less
scheme with overlapping clusters. A drawback in this
algorithm is that every new node leads to formation
of new clusters and rearrangement of old ones which
may lead to too many changes in a dynamic network.
Also, the algorithm requires a three step procedure to
update the clusters each time a change in the local
topology occurs. Our proposed scheme does not require
any iteration and converges fairly rapidly.

Lin and Gerla [2] present a simple and elegant dis-
tributed algorithm for partitioning the network into clus-
ters (without the need of a clusterhead) with each cluster
being at most 2-hops wide (i.e. each node in a cluster is
at most 2 hops away from any other node in the same
cluster). This algorithm assumes that each node knows
all of its immediate neighbours at the time of cluster
formation. Our algorithm makes no such assumption.

McDonald and Znati [1] propose a novel prediction
based clustering strategy in which they use previous
information to predict the motion of each node in a
cluster and quantify the stability of a cluster based
on it. Their algorithm does not need any clusterhead
and they term it as(α, t) cluster. Their algorithm is
computationally expensive and may be a drain on the

scarce resources of the mobile nodes. Our algorithm
in contrast, does not try any prediction based approach
in order to keep things simple and easy to implement.
Perkins and Bhagwat note in [11] that“Simplicity is
one of the primary attributes which makes any routing
protocol preferred over others for implementation in
operational networks.”Thus, our main goal is to simplify
the clustering process and still provide a stable backbone
for the network routing protocols. Next we present our
clustering algorithm.

III. C LUSTERING

In Mobile Ad-Hoc Networks, mobility causes a lot of
problems and link breakage may lead to invalidation of
existing paths. This leads to problems in coping up with
Quality of Service assurances. One could try and work
around the mobility problem in two ways :-

• By using the mobility to our advantagei.e. increased
throughputs for mobile networks have been reported
in [23] but they are only confined to non-real time
applications till now and hence, are not applicable
in QoS frameworks.

• By trying to achieve some sort of stability and
reducing the cascading effect of node mobilityi.e.
only large scale mobility of nodes be visible to the
nodes far away in the network.

The latter motivates one to look for clustering tech-
niques. Since an Ad-Hoc network is a completely dis-
tributed network with no central authority, it makes
sense only to look for algorithms which work in a
completely distributed manner. We propose an algorithm
which in essence is the distributed version of theBasic
Leader-Follower Algorithmused in pattern recognition
[3]. We call it the distributed-BLF (d-BLF) Algorithm.
The phrase “Leader-Follower” is misleading here in
the sense that our clustering strategy does not require
one to maintain a clusterhead or leader. We divide the
given network into a set of non-overlapping clusters
called families. Members of the same cluster (family)
are related to each other and hence are termedrelatives.
Also, we can identify border-nodesi.e. nodes which
can hear messages of more than one clusters. These
are termed asfriends, since they will help in finding
paths across clusters.Acquaintancesare nodes in other
families to which a particular node has communicated in
the not so distant past. The use of these terminologies is
to provide an intuitive feel to the routing algorithm and
it will become clear when we discuss routing in Section
IV.

We emphasize that the clustering mechanism is com-
pletely independent of the routing algorithm employed.
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TABLE I

BASIC LEADER FOLLOWER ALGORITHM

1) begin initialize θ
2) c1 ← x
3) do accept newx
4) j ← arg(mini‖x− ci‖)
5) if ‖x− ci‖ < θ
6) then addx to cj and updatecj

7) elseadd newc← x
8) until no more clusters
9) end

Any routing algorithm which can work on a partitioned
network should in principle be able to work with any
clustering algorithm. Nevertheless, we present a clus-
tering algorithm and ouracquaintance-basedrouting
framework which should be expected to work efficiently
in a clustered environment.

A. Cluster Formation

The basic leader-follower algorithm used for cluster-
ing in pattern recognition systems, is ideally suited for
Mobile Ad-Hoc networks since it is an online algorithm
(i.e. it dynamically forms new clusters as and when
data points come up) and is a part of the large class
of Unsupervised Learning algorithms [3]i.e. no central
control is necessary in order to implement it.

Table I lists the steps involved in clustering the data
points into clusters. Note that this algorithm is single
pass and does not require iteration and hence converges
much faster than many other clustering algorithms. In
order to adapt it to our case, we need to :-

1) First define the metric on the basis of which we
will be adding nodes to clusters and the threshold
involved. Note that the standard BLF algorithm
uses the Euclidean distance as the measure of
closeness since it is only concerned with the static
case. We will need to do better than this. (Stability
Metric)

2) Second, we will need to adapt the algorithm so
that clustering can be performed in a distributed
manner and each node on the basis of local infor-
mation can join the cluster that leads to a “globally
best” partition. (Distributed-BLF Algorithm)

1) Stability Metric: Optimality of the algorithm can
be derived from the optimality of the BLF algorithm
but that will be valid only for the static case,i.e. the
network topology being fixed and nodes not moving. The
notion of “optimal clustering” for a dynamic topology is
difficult to define and hence, the cluster formation and
stability will be determined by the metric that we choose
in the BLF algorithm. It should be clear that clusters in

which nodes are mobile are less likely to remain stable
for longer times than those in which they are stationary.
Hence, each cluster should have some measure of node
mobility in it. One could attempt a prediction based
metric (as in [1], [5]) but all such algorithms, apart
from being too complex, tend to be computationally
prohibitive and hence are not likely to be used in actual
implementations.

A compromise can be reached if each node monitors
the number of new nodes in the clusteri.e. the time for
which they have been up – new nodes can be classified
as transient (liable to move away soon) and those which
are old can be classified as stable nodes. Thus each node
is initially kept in a transient state (forT = Ttransient).
The motivation behind this is that newer nodes are more
likely to move away in the near future (since the node
may be mobile).The fraction of the nodes in the cluster
which are stable determine the stability of the cluster
and is taken as the stability metric in our approach.

Thus, this metric is known to all nodes in the cluster
and an incoming node can inquire about this from them
and make a decision about its joining that particular
cluster or not. We wish to emphasize that this metric
is only used for an incoming node that wishes to join
the clusters. Cluster disintegration does not take place
if the above mentioned stability metric goes below a
threshold. The exact conditions and mechanism of cluster
disintegration is discussed later.

2) Distributed BLF Algorithm: We now present
the d-BLF algorithm. We assume that there exists
a MAC protocol which takes care of collisions and
that a channel access policy is in place. We also
limit the size (number of nodes) of each cluster to
be less thanMAX CLUS SIZE and larger than
MIN CLUS SIZE. This keeps a check on the number
of nodes in a cluster. The lower limit is not a strict limit
i.e. there may exist clusters smaller than that size but
they will tend to disintegrate.

Each node on Switch-ON is currently not a member of
any cluster. It periodically broadcasts aCLUS FIND
message which if heard by a node which is cur-
rently a member of a cluster it sends back a
CLUS INFO reply containing the cluster name, the
number of members in the cluster and its stability
metric. The new node, keeps accumulating all such
messages for a given amount of time, chooses the
cluster which it wants to join and sends back an
CLUS JOIN REQUEST message. The cluster node
which had earlier sent theCLUS INFO message, on
receiving theCLUS JOIN REQUEST message adds
the node to the cluster, sendsCLUS JOIN ACCEPT
message back to the requesting node and broadcasts the
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updated routing table within the cluster. The node now
becomes a member of the cluster and is included in
all future routing table updates. All the above message
exchanges will be accompanied by timeouts so as to
prevent a node from waiting ad infinitum for a particular
reply.

The new node will select the cluster based on the sta-
bility metric and the size of the clusters. The primary cri-
teria will be the largest stability metric (greater than the
threshold:STABILITY THRESH) but in case the
cluster already has a size equal toMAX CLUS SIZE,
it will proceed with other options. An exception to the
above rule will be when the node finds a cluster with
size=MIN CLUS SIZE-1. In this case addition of
this node to that cluster will make it a stable cluster
and hence it will join this cluster if its stability metric is
above the threshold irrespective of the stability metrics
of other larger sized clusters. A tie in the exception can
be broken by the larger stability metric criteria.

In the above scenario, it is possible that the node
– a) does not find a cluster around it, b) does not
find one satisfying both the stability and size criteria.
In both these cases the node forms its own cluster. In
this case, its size is less thanMIN CLUS SIZE (if
MIN CLUS SIZE > 1) and it keeps working accord-
ing to cluster disintegration mechanism as explained in
subsection III-C.

At every point in time, every cluster has an ID which is
same as the ID of the lowest ID member of the cluster. In
case, the cluster ID changes, each border node broadcasts
a CLUS ID CHANGE message so as to inform the
neighbouring clusters about the change. This message is
propagated upto the 2-cluster-hop clusters.1

B. Cluster Maintenance

There are four topology changes that will require
cluster updation:-

1) A Node Switches ON: This will be handled in
exactly the same way as cluster formation. This
case includes the case when a new node comes up
which is not currently a member of any cluster.

2) A Node Switched OFF (or fails): This may lead to
one or more links inside a cluster being broken.
The nodes neighbouring to the failed node will
detect the link loss and will send the routing
table updates inside the cluster. Every node will
update their respective tables and will find that

1We only let this message to go upto the 2-cluster-hop clusters
since each border node of a cluster keeps a track of only its adjacent
clusters, and clusters adjacent to the adjacent cluster. This will
become clearer when we discuss the routing protocol.

no intra-cluster path exists to this node. Hence,
it will be deleted from the cluster and the cluster
parameters (i.e. cluster ID, stability metric, size)
will be updated. In case the failed node was a
border node, the nodes in the adjacent cluster will
also note a loss of link to it and update their
respective routing tables.

3) A new link (with a node already bound to a
cluster) is detected: This means that an existing
node (say, NodeA) has moved into the hearing
range of another node (NodeB). Both nodesA
and B will find out the cluster affiliations of
each other, update their own routing tables and
broadcast this information in their respective next
routing table updates. Note that both these nodes
may now become border nodes (if both of them
are in different clusters).

4) A link loss is detected: This scenario is charac-
terized by a node not receiving the routing table
update from its neighbour for a particular interval
of time. It will then, wait for another larger interval
of time and declare the link as lost if it does
not hear from the node again. The next routing
update will reflect this new information. Note that
a link loss may also occur between border nodes
which can again be detected by a border node not
receiving any adjacent cluster routing table update
update2 from its neighbour in an adjacent cluster.

In all the above cases, each node in the cluster on
receiving information about the change, will update the
cluster parameters (i.e. cluster ID, stability metric, size
etc.) independently of each other.

One can see that the above algorithm inherently
assumes that the topology changes are “slow enough”
so as to allow the updates due to an earlier topology
change to settle down. Such an assumption is inherent
in any pro-active algorithm and in case the rate of
topological changes in the network are too high, flooding
and reactive algorithms may be the only option left.

C. Cluster Disintegration

In order to push the network towards forming larger
and hence lesser number of clusters, we keep a minimum
limit on the cluster sizes (MIN CLUS SIZE). Thus
clusters with sizes less than the minimum size are
unstable and will tend to disintegrate. Note that this
is the ONLY condition under which cluster members
are allowed to defect from the cluster in case they

2Each border node keeps a routing table for the adjacent cluster
also since it can already hear the routing updates of its neighbours
in adjacent clusters. This will be discussed in Section IV
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find better and larger clusters to join. Clusters do not
disintegrate even if their stability metrics go below the
STABILITY THRESHOLD. This threshold is only
provided for the incoming nodes to select the cluster they
want to join (if they want to join or else form their own
cluster).

Hence, if a cluster has a size lower than the mini-
mum allowed, each member in the cluster is allowed
to look for “greener pastures” independently and join
one of them if it finds a better cluster(s).i.e. each node
periodically broadcasts aCLUS FIND similar to the
one sent by a new node in the cluster formation process.
A similar exchange of messages occur and the node joins
the new cluster if it is better than its current cluster. In
this case apart from the cluster stability metric (which
is the primary filtering criteria), the node will also look
only for clusters with a size greater than or equal to the
size of its current cluster. In case the node finds only
clusters around it which have the same size as its own
cluster, it will compare the cluster IDs and will decide
to join the new cluster (whose ID is the smallest of the
new cluster IDs), only if the new cluster ID is smaller
than its current cluster ID. If this case does not happen,
then the selection (after using both the stability and size
metrics) of the new cluster will happen based on the
cluster formation rules as discussed in Section III-A.

IV. ROUTING FRAMEWORK

We now present a routing mechanism to work with
our cluster based approach. Cluster based approaches,
tend to reach a compromise between Pro-Active and
Reactive routing protocols as discussed in the introduc-
tion. Almost all the clustering schemes that we looked
at maintained pro-active routes within the cluster and
reactively discovered routes for inter-cluster traffic [1].
We also adopt a similar approach but with a slight
addition. Each node in the network is required to keep a
routing table (similar to the one in DSDV [11] or Ticket-
Based scheme [10]) which contains routing information
to relative nodes(those belonging to the same cluster).
The tables forfriend nodes(border nodes) will also con-
tain information about routing in adjacent clusters (which
they border). This will not need any more transmission
overhead since he border nodes will in any case be able
to hear the routing table broadcasts of their neighbours
in adjacent clusters.

This table will contain information about the paths to
each destination (relatives for interior nodes and relatives
plus each node in the neighbouring cluster for border
nodes). Within a cluster, each node keeps the following
data for each border node:-

1) The clusters the border node is adjacent to.
2) The clusters which the adjacent clusters border.

So, each node in a cluster keeps the IDs of the adjacent
clusters and the IDs of the clusters which the adjacent
clusters border. Similarly, a border node, keeps a full
view of the adjacent cluster too,i.e. it keeps information
about the the IDs of the friend nodes in the adjacent
clusters and the clusters which they link to. This will
help in routing the inter-cluster packets.

Thus for each destination, the routing table will con-
tain, all possible options for next hop along with the
QoS parameters (bandwidth and delay) for the paths.
The routing tables will be updated as in the DSDV [11]
protocol with the sequence numbers to prevent loops.
These routing tables will be exactly the same as the ones
used in the ticket-based routing scheme [10]. Apart from
this table, each node will also contain an “acquaintance
list” for inter-cluster routing. We explain this in the Inter-
Cluster routing section.

Given that the routing tables are maintained and up-
dated whenever required (apart from periodic updates),
we need to look at the actual route discovery mechanism.
A node on receiving a connection request from an
application (source node) or another node (intermediate
node), will first search for the node among the list of its
relatives (which it pro-actively maintains in its routing
table). If it finds it, then an Intra-Cluster routing will be
performed, else an Inter-Cluster route discovery will be
initiated.

A. Intra-Cluster Routing

If the destination node is a relative node, then an
intra-cluster route discovery is initiated. Note that here
we need to find a path which satisfies the required
Quality of Service parameters. The intra-cluster path
discovery algorithm is exactly the same as the one used
in the Ticket-based scheme [10]. The advantages of this
strategy is that it discovers routes satisfying the criteria
and gives us complete control over the overhead involved
in exchanging information and reserving the required
resources. Since the number of nodes within a cluster
are limited by an upper bound, the amount of overhead
can be effectively controlled.

Alternate and backup paths provide the stability in
cases of link failure or when a particular node cannot
handle the required QoS assurances. Route maintenance
mechanism is very nicely explained in the ticket-based
scheme and can be directly applied here. One can also
have multi-path routing so as to prevent over-loading of
some paths in the network and also to provide graceful
degradation of service in case of link failure.
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Thus, route discovery and maintenance can be per-
formed via any protocol as long as it supports the
formation of links which guarantee the required QoS
levels.

B. Inter-Cluster Routing

For inter-cluster routing, we propose a slight modifica-
tion to the existing reactive protocols by adding another
class of devices calledacquaintances. We explain the
idea behind acquaintances next.

Acquaintances:An acquaintance can be thought of in
quite similar terms to acquaintances in real life. They are
in some sense attached to us “temporarily”. Similarly, in
the context of MANets, two nodes are acquaintances if
they are not relatives and had been in contact in the not
so distant past. In other words, NodeA is an acquain-
tance of nodeB and vice versa, if they had exchanged
some packets recently in time. The amount of time
characterizing the recency in their communication can
be given by a fixed number of seconds and denoted by
Tacquaintance. Acquaintances are maintained and updated
dynamically. Thus if nodeA andB are acquaintances and
one of them changes its cluster binding, it sends out a
CHANGE CLUS message to the other one and the
other one responds back. This communication resets the
Tacquaintance timer again (at both the nodes) and the two
nodes will remain acquaintances for a another interval of
time. So, two nodes renew their contacts with each other
by sending messages about their cluster bindings to each
other and hence extend their “acquaintanceship”. In case
a node does not hear from an acquaintance for a period
greater thanTacquaintance, it will remove it from its list
of acquaintances and the two nodes will now become
unknown to each other and hence will no longer track
each other’s movements.

A point to be noted here is that a node sends a
CHANGE CLUS message to all its acquaintances
only when it changes its cluster. No mutual exchange
of messages takes place if both of them remain in their
respective clusters. This is done to reduce the messaging
overhead and allow message exchange to be limited
only for a particular amount of time and not go on
infinitely.3 To limit the exchange overhead, we impose
the condition that aCHANGE CLUS message is sent
to an acquaintance only if it is in an adjacent cluster or
in a cluster adjacent to an adjacent cluster (2-cluster hop

3This protocol for renewal of acquaintance contact information
(cluster binding) is not unique and can be tried out with different
combinations and rules for message exchanges. The best strategy
can be selected via simulation for different types of network envi-
ronments.

cluster. Since each node keeps this information, this can
be implemented easily). This mechanism of acquaintance
update will lead to more message transfer in a more
dynamic environment and lesser overhead for the static
case. This is reasonable since one would like to keep
some idea about the network topology if it is changing
too fast so as to be able to take routing decisions quickly
without resorting to flooding the network.

Now, coming back to the routing problem. If an node
does not find the destination in the list of its relatives, it
looks for it in its acquaintance list. If found, it immedi-
ately knows the cluster binding of the destination. This
simplifies the routing process a lot since the only task
now remaining is to route this packet to the destination
cluster which is known. If the destination cluster is
within 2-cluster hops (this information is available at
each node), the route can be discovered by sending the
packet to the corresponding friend in its own family
which will then route it (through the adjacent cluster
which borders it, if need be) to the destination cluster
and hence the route discovery can be performed.

In the worst case, the destination node’s cluster bind-
ing is not available at the node, and the route discovery
should be performed through a reactive protocol (e.g.
[12], [13]) in which the border nodes will play a cru-
cial role in determining whether the route request goes
through a particular cluster or not.4 Since each border
node knows about the clusters it borders and the clusters
which the bordering clusters border, it can take quick
decisions about the path of the packet and hence enable
finding the path to the destination by avoiding complete
flooding.

Route Maintenance can be performed by the actual
protocol which is used over our framework. We are
avoiding the details of the message transfers between
nodes since any reactive protocol with the modifications
we have proposed should in principle be able to work.

V. CLUSTERING SIMULATIONS

Simulations were performed to measure the perfor-
mance of the clustering strategy. We took an area of
100 × 100 units, 75 nodes and a stability threshold of
0.3.

Random number of nodes were switched ON at
random times in the initial part of the simulations.
Clustering was performed dynamically and movement
was imparted to a random number (with mean half of

4Acquaintances can come in handy in such a situation also, since
it is likely that an intermediate node may have the desired destination
node in its list of acquaintances and hence the path can be found out
faster.
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the nodes ON at that time) of nodes with exponential
velocities (mean=10 units/iteration) and destinations at
each instant of time (each iteration). Thus, almost all the
nodes were mobile at each instant of time and hence,
a highly mobile environment was simulated. We used
Ttransient = 2 iterations. Each node had a transmission
range of15 units. Each reading was averaged over 10
random graphs each run for 100 iterations.
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Fig. 1. Number of Clusters vs. MAXCLUS SIZE

In Fig. 1 we can see that the number of clus-
ters can be efficiently controlled by suitably choosing
theMAX CLUS SIZE andMIN CLUS SIZE pa-
rameters. One can see that (as expected) the number of
clusters decreases as larger clusters are allowed. It is
important to note that since we chose random graphs, in
many cases there were isolated nodes in the network
which did not have any neighbours with which they
could form larger clusters. Hence there were unavoidable
singleton clusters in some cases. Thus both the parame-
ters can be chosen and varied to get the desired clustering
behaviour.

In Fig. 2 one can see the variation of
number of nodes with transmission range. Here
we chose MAX CLUS SIZE = 12 and
MIN CLUS SIZE = 3. The graphs are as expected
intuitively – larger range means more clusters can be
formed. We performed this simulation for two different
stability metrics and one can see that a higher stability
metric leads to the formation of more number of clusters
since many clusters may not satisfy the stability criteria.

Fig. 3 shows the variation of number of clusters break-
ing in the system with the stability threshold. Again,
we see a downward trend in the cluster breakings as
the stability threshold is increased. Note that a higher
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Fig. 2. Number of Clusters vs. Transmission Range

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

1

2

3

4

5

6

7

8

Stability Threshold

A
vg

. n
o.

 o
f c

lu
st

er
 b

re
ak

in
gs

Fig. 3. Number of cluster breakings vs. Stability Threshold

stability metric leads to a larger number of clusters which
may not be desirable. Thus, we can choose the suitable
stability threshold and optimise the performance of the
clustering technique.

VI. CONCLUSION

In this work, we have proposed a new, com-
pletely distributed, adaptive clustering algorithm for
Mobile Ad Hoc Networks. The algorithm is a dis-
tributed version of the Basic Leader-Follower Algo-
rithm and we term it as the d-BLF algorithm. The
size of the clusters is upper bounded and the number
of clusters and their dynamic behaviour can be con-
trolled by using theSTABILITY THRESHOLD,
MAX CLUS SIZE and MIN CLUS SIZE. We
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also propose a modification to the existing cluster based
routing protocols. Ouracquaintancebased approach
helps reduce the latencies in inter-cluster routing algo-
rithms and yet tries to keep the overhead to low levels.

The proposed approach tries to maintain a stable
cluster topology by considering a “node age” based
stability metric and needs little resources in terms of
computational effort.
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