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Abstract. Mobile ad hoc network is a set of mobile nodes connecting with each
other without physical infrastructure and centralized computing. Factors such as
variable wireless link quality, propagation path loss, fading, multiuser
interference, power expended, and topological changes, become relevant issues.
Quality of Service (QoS) is a set of service requirements that needs to be met by
the network while transporting a packet stream from a source to its destination.
QoS support for Mobile Adhoc Networks (MANETS) is a challenging task due
to the dynamic topology and limited resources. The clustering algorithm
presents a logical topology to the routing algorithm, and it accepts feedback
from routing algorithm in order to adjust that logical topology and make
clustering decisions. In this algorithm we have introduced a new metric, next
hop availability, which is a combination of two metrics. It maximizes path
availability and minimizes travel time of packets and therefore offers a good
balance between selection of fast paths and a better use of network resources. In
the conclusion it provides simulation result of DWCA Algorithm performed on
network simulator.
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1 Introduction

Mobile ad hoc network (MANET) is a collection of wireless hosts that communicate
with each other through multi-hop wireless links. Due to the absence of fixed
infrastructure, nodes must collaborate between them to accomplish some operations
like routing and security. Some envisioned MANETSs, such as mobile military
networks or future commercial networks may be relatively large (e.g. hundreds or
possibly thousands of nodes per autonomous system). A way to support the increasing
number of nodes in MANET is to subdivide the whole network into groups, and then
create a virtual backbone between delegate nodes in each group. In ad hoc network
this operation is called clustering, giving the network a hierarchical organization.
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A cluster is a connected graph
including a cluster head responsible
of the management of the cluster,
and (possibly) some ordinary
nodes. Each node belongs to only
one cluster. Some MANETS, such
as mobile military networks or
future commercial networks may be
relatively large (e.g. hundreds or
possibly thousands of nodes). A way to support the increasing number of nodes in
MANET is to subdivide the whole network into groups, and then create a virtual
backbone between delegate nodes in each group. In ad-hoc network this operation is
called clustering, giving the network a hierarchical organization.

(_‘;. clustes

& clusier head

Q cluster membs

Fig. 1. Clustering in MANET

2 Clustering in MANETS

A way to support the increasing number of nodes in MANET is to subdivide the
whole network into groups, and then create a virtual backbone between delegate
nodes in each group. In ad-hoc network this operation is called clustering, giving the
network a hierarchical organization. Several cluster based adaptations has been
proposed for existed routing protocols and other protocol as ZRP (zone routing
protocol), CBRP (cluster based protocol) have originally exploited this concept.
Clustering for security can simplify the management of Certificate Authority in a
Public Key Infrastructure (PKI) by affecting the full or a subset of Certificate
Authority services to cluster heads, ensuring in this way the availability of the
Certificate Authority. The Hierarchal organization consists of:

Cluster Head: A cluster head, as defined in the literature, serves as a local coordinator
for its cluster, performing inter-cluster routing, data forwarding and so on. In our self-
organized clustering scheme the cluster head only serves the purpose of providing a
unique ID for the cluster, limiting the cluster boundaries.

Cluster Gateway: A cluster gateway is a non cluster-head node with inter-cluster
links, so it can access neighboring clusters and forward information between clusters.

Cluster Member: A cluster member is a node that is neither a cluster head nor a
cluster gateway.

Clustering has several advantages:

1) First, clustering allows the reuse of resource which can improve the system
capacity, in the way that information is stored once on the cluster head.

2) Secondly, clustering may optimally manage the network topology, by dividing
this task among specified nodes which can be very useful for routing since any
node is identified by its identity and the identity of the cluster-head of the
cluster to which it belongs, simplifying by this way the forwarding of
messages.
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3 Related Work

3.1 Highest-Degree Heuristic

The Highest-Degree, also known as connectivity-based clustering, in which the
degree of a node is computed based on its distance from others. Each node broadcasts
its id to the nodes that are within its transmission range. A node x is considered to be
a neighbor of another node y if x lies within the transmission range of y. Experiments
demonstrate that the system has a low rate of clusterhead change but the throughput is
low under the Highest-Degree heuristic. As the number of nodes in a cluster is
increased, the throughput drops and hence a gradual degradation in the system
performance is observed.

3.2 Lowest-ID Heuristic

The Lowest-ID, also as known as identifier-based clustering, was originally proposed
by Baker and Ephremides. This heuristic assigns a unique id to each node and chooses
the node with the minimum id as a clusterhead. Thus, the ids of the neighbors of the
clusterhead will be higher than that of the clusterhead. However, the clusterhead can
delegate its responsibility to the next node with the minimum id in its cluster. A node
is called a gateway if it lies within the transmission range of two or more
clusterheads. The concept of distributed gateway (DG) is also used for inter-cluster
communication only when the clusters are not overlapping. DG is a pair of nodes that
lies in different clusters but they are within the transmission range of each other.

3.3 Node-Weight Heuristic

Basagni proposed two algorithms, namely distributed clustering algorithm (DCA) and
distributed mobility adaptive clustering algorithm (DMAC). In this approach, each
node is assigned weights (a real number > 0) based on its suitability of being a
clusterhead. A node is chosen to be a clusterhead if its weight is higher than any of its
neighbor’s weight; otherwise, it joins a neighboring clusterhead. The smaller node id
is chosen in case of a tie.

4 Limitations of Existing Algorithm

None of the above three heuristics leads to an optimal election of clusterheads since
each deals with only a subset of parameters which can possibly impose constraints on
the system. To be precise, the Highest-Degree heuristic states that the node with the
largest number neighbors should be elected as a clusterhead. However, a clusterhead
may not be able handle a large number of nodes due to resource limitations even if
these nodes are its immediate neighbors and lie well within its transmission range. In
other words, simply covering the area with the minimum number of clusterheads will
put more burdens on the clusterheads. On the other hand, a large number of
clusterheads will lead to a computationally expensive system. Although this may
result in good throughput, the data packets have to go through multiple hops thus
implying high latency.
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Since the node ids do not change with time, those with smaller ids are more likely
to become clusterheads than nodes with larger ids.Thus, certain nodes are prone to
power drainage due to serving as clusterheads for longer periods of time.

5 Our Algorithm

5.1 Modifications over Existing Algorithms

The most of algorithms proposed in literature have giving solution to only some
specific problems of ad hoc networks. However none of them deals with the entire
characteristics of ad hoc networks (mobility, transmission range, size of the network,
capabilities of the node). For example, the highest-degree, lowest-ID algorithms
create one hop clusters, which are too small for large networks resulting on a big
number of clusters, which complicate the virtual backbone management. They are
also sensitive to small changing in the topology. The WCA and Mobility based
algorithms try to include the mobility (stability) of nodes as a factor in the election
procedure, in order to elect the most stable node as cluster-head. But their methods to
compute stability are based on some assumptions which are not always valid in all ad
hoc networks. Another method proposed in mobility based d-hop algorithm relies on
the idea that nodes have equal antennas and transmit with the same power, to compute
an estimate value of the distance between nodes. However this supposition is rarely
guarantied because ad hoc networks are composed by heterogeneous nodes having
different capabilities and antennas. Another observation is related to security features
which are not included in the above algorithms. As mentioned in security problem
must be taken into consideration in all schemes devoted to ad hoc networks.

5.2 The Design Approach

The main basic concepts used to derive the needed parameters are given below:

The Max Value: Represents the upper bound of the number of nodes that can
simultaneously be supported by a cluster-head.

The Min Value: Represents the lower bound of the number of nodes that belong to
a given cluster before proceeding to the extension or merging mechanisms.

D hops Clusters: As one hop clusters are too small for large ad hoc networks,
therefore DWCA creates D hops clusters where D is defined by the underlying
protocol or according to the cluster-head state (busy or not).

Identity (ID): It is a unique identifier for each node in the network to avoid any
spoofing attacks or perturbation in the election procedure. We propose to use
certificate as identity.

Weight: Each node is elected cluster-head according to its weight which is
computed from a set of system parameters. The node having the greatest weight is
elected as cluster-head.

Global Weight: using all parameters cited above every node in the network
computes its global weight. Depending on this weight a given node can be elected as
cluster-head or not.
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We denote WT , WD , WB ;WM ,WS the partial weights and FT , FD , FB ,FM,FS
are the weight factors corresponding respectively to Trust value, Degree, Battery,
Max Value, and Stability. The global weight is computed as follows:

WG=FTxWT+FDxWD+FBxWB+FMxWM+FSx(-WS)

As we can observe the value of WS is retrieved from the global weight in order to
elect the node with the greatest weight, because the stable node is the node with the
smallest value of WS, which keeps the equation coherent for our assumption.

5.2.1 Election Procedure

This operation is invoked whenever a neighborhood has no cluster-head, or whenever one
of the cluster-heads isn’t able to achieve its responsibilities. Discovery stage: The purpose
of this step is to get information about the neighborhood where the election procedure is
invoked. Thus nodes desiring to be clusterhead send cluster-head_ready beacons within
the radius of D hops. Each node when receiving this beacon estimates a trust value and
sends it back to the asking node. After a discovery period Td, nodes having initiated this
operation can derive from the received responses the following information:

- Degree
- Stability:

- Trust value

Computing weight: After the discovery stage, each node adds to the previous
parameters the state of its battery and the max value, then combines them with the
corresponding weight factors and computes the global weight.

Elaboration of the virtual backbone: Whenever the previous steps are successfully
achieved, each cluster head need to discover each other to elaborate a virtual
backbone to ensure inter-cluster services. Thus every new elected cluster-head
broadcast a discovery request over the entire network; cluster-heads receiving this
request register the certificate of the new clusterhead and send him their certificate.

5.3 Description of Algorithm

e Each node declares itself a clusterhead.

e Each node broadcasts the list of nodes that it can hear, that is, the set of nodes
that are within the communication range of the original node. If a node A hears
from a node B with a higher number of neighbors than itself, node A sends a
message to B requesting to join B’s cluster. If B already has resigned as a
clusterhead itself, B returns a rejection, otherwise B returns a confirmation.
When A receives the confirmation, A resigns as a clusterhead.

e When the previous step is completed, the entire network is divided into a
number of clusters. This process can be repeated several times, depending on
what the maximum cluster diameter is considered to be in this case. Each node
keeps track of the id of its clusterhead, the first step in the path to its
clusterhead, the distance to the clusterhead, the time the node has been a
member of its current cluster, as well as the number of nodes in the cluster. A
clusterhead also keeps track of the time each node in its cluster has been a
member of that cluster.
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e It is possible for a cluster to grow too large. Consider a situation when a cluster
is just below the maximum allowed size, and several nodes join simultaneously.

e A node can leave a cluster, either because the situation described above, or
because it is moving away from the cluster. Even if it loses contact with the
node that is the first step to the clusterhead, it might still be able to connect to
another node in the cluster. However, if the node is more than d-hops away
from the clusterhead, it must leave that cluster. When a node leaves a cluster, it
tries to find another cluster to connect to. That cluster must be smaller than the
maximum allowed size, and the node cannot be more than d hops away from
the clusterhead. If several such clusters are found, the node joins the largest
one. If no such cluster is found, the node forms a cluster with itself as
clusterhead and only member.

5.3.1 Cluster Initialization

The Init procedure is executed by each node in a no determinist status. A node with
this status is a node which isn’t attached yet to any cluster, this may be caused by a
link failure, a roaming, or whenever a node coming for the first time to the network.

5.3.2 Cluster Division

A node can’t serve for ever as CH (Cluster Head), because it has limited resources
(battery, memory, etc). So, whenever it becomes busy (can’t support the increasing
number of nodes), the CH launches a cluster division procedure to divide the cluster
into two small clusters with reasonable number of nodes. Therefore the CH
broadcasts, Cluster_Division request to its CMs (Cluster Merge). Whenever this
request is received, each CM computes its weight and sends it back to the CH. Then
the CH chooses as a new CH the farthest node with the maximum weight and sends
him a grant response. Then the new CH begins sending beacons and creates its own
cluster.

5.3.3 Cluster Size Reduction

This operation is executed after the division of the cluster and aims to reduce the
cluster radius from D to D-1, which means that beacons don’t reach the boundaries of
the cluster, resulting on the roaming of boundaries nodes to other clusters including
new cluster creation.

5.3.4 Cluster Merging

In the algorithms taken from the literature, no lower bound is defined to limit the
minimum number of nodes in a cluster, resulting on some clusters with two or one
nodes which is not suitable. Therefore, in our algorithm we propose to merge such
clusters immediately with the nearest cluster if it exists by executing the merging
procedure. First, the CH begins to listen if there are any neighboring CHs; if this is
the case it broadcast a merging request. Then it wait until receiving all confirmation
from its CMs or the expiration of the delay TM to choose the nearest cluster and
roams to that cluster.
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6 Implementation and Performance Evaluation

The DWCA implemented algorithm is using GloMoSim (Global Mobile Information
System Simulator), is a scalable network simulation environment for mobile ad-hoc
networks, developed at UCLA Parallel Computing laboratory. And PARSEC
(PARallel Simulation Environment for Complex systems) is a C-based discrete-event
simulation language. GloMoSim has the capabilities to simulate thousands of mobile
nodes without disregarding the details in the lower layer protocols. GloMoSim
simulation library is built using the PARSEC simulation environment. With
GloMoSim we are building a scalable simulation environment for wireless network
systems. It is being designed using the parallel discrete-event simulation capability
provided by Parsec discrete event simulation engine.

6.1 Transmitting a Hello Packet to the Nodes
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Fig. 2. Tx Packet to a node

Table. 1. Simulation Parameter

Network Size 300X 300m
Mobility of Nodes 2040 and 50 Nodes
Range of each Node 625 m

Mobility Model Random

Minimum Node Speed | 5-20 m/sec

Pause Time 0.4.8 and 16sec

Data Rate One Message per minute

Time 500 seconds
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7 Conclusion

We have presented a distributed algorithm, DWCA for the efficient partitioning of the
nodes of an ad hoc wireless network into clusters with a clusterhead and some
ordinary nodes. This is a practically important task, especially for all those network
algorithms/applications that assume a mobility- adaptive hierarchical organization of
the network. A new weightbased criterion is introduced for the cluster formation that
allows the choice of the clusterheads based on node mobility, battery power, degree,
cumulative link strength and data rate that were not available in previous clustering
algorithms. It is seen that a tradeoff between network stability and effective
clusterhead selection process is to be made. WCA compromises on the latter by not
always selecting the best nodes as clusterheads, whereas our algorithm, DWCA
improves upon the clustering process and the network organization in terms of well
spread out clusters while sacrificing a bit of network stability. It also combines
easiness of implementation with full adaptation to the mobility of the nodes, even
during clustering set up.
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