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Abstract—Scalability is one of critical challenges for link-state
routing protocols in mobile wireless networks. In this context,
this paper proposes a proactive link-state protocol based on
hierarchical clustering named L-HCLSR. The proposed protocol
makes use of clustering algorithm to partition the network and
to create a L-levels hierarchical structure of clusters. It uses
the structure of clusters to create a virtual backbone useful to
broadcast control messages in the entire network. Clustering and
virtual structure are used to reduce the routing overhead. Besides,
fish eye technique is used to more reduce the routing overhead.
We study through simulations the performances of our protocol
L-HCLSR with number of level L=1 and L=2, and we compare
it to SA-OLSR and F-OLSR protocols. Simulations show that
our protocol provides comparable or better performances.
Index Terms—Self-Organizing Networks, Scalability, LinkState Routing, Hierarchical Clustering Algorithm, Fish eye technique.

I. I NTRODUCTION
Self-Organizing Networks (SONs) consist of stationary or
mobile nodes which can organize and auto-configure themselves without the aid of any centralized administration or
fixed infrastructure. Popular examples of SONs are MANETs,
VANETs, sensor networks or hybrid wireless networks. SONs
can be deployed in airports, hotels, universities, professionals
meeting spaces, etc. Such deployment can involve a large
number of mobile users. For this reason, the network must
overcome large scale. With the unpredictable state of wireless
links and continuous topology changes, SONs raise several
problems mainly the scalability of the routing protocol.
Link-State Routing (LSR) strategy is efficient and popular
in wired networks due to its exceptional advantages, including
boundary convergence, least delay and robustness. But, proposed LSR protocols in wireless networks, such as OLSR [1]
and FSR [2] have a flat structure and cannot scale large
dynamic networks [3], [4], [5], [6].
Clustering is a well-known technique highly employed with
link state routing to surpass scalability problem. By limiting
the network view of each node, clustering reduces the routing
complexity and the size of the routing table. Moreover, the
local movement of nodes is handled only within the cluster
without affecting other parts of the network and so the
overhead is highly reduced.
In this paper, we propose a LSR protocol based on hierarchical clustering without assuming heterogeneity of the

network nodes. The clustering algorithm introduces multi-level
hierarchy in the network to reduce the overhead and the size of
the routing table. Clustering algorithm does not add an extra
overhead because it performs using the routing information.
Our routing protocol makes use only two types of messages:
Hello and cluster topology control. In our approach, only
cluster heads originate the cluster topology control message.
The fish eye technique [2] is employed in the forward of the
cluster topology message between the different levels of the
hierarchical structure.
The rest of this paper is organized as follows. Section II
gives an overview of previous work related to some protocols
proposed to improve the scalability in SONs. Then, section
III describes our proposed protocol. Section IV presents simulation results and evaluation of our approach. Section V
concludes the paper and presents future research.
II. R ELATED WORK
The scalability problem of link state routing protocols has
already been addressed in some previous works.
Fisheye-OLSR [7] is a routing protocol which integrates the
fish eye technique [2] into OLSR. The principle of fish eye
routing consists in refreshing the topology information more
frequently for nearby nodes than for farther nodes. Thus, the
frequency of topology information updates decreases as the
distance increases. This optimization is justified by the fact
that a vague idea of the node location is enough to forward
data packets to far destination. As data packets go closer to
the destination, the routing information becomes more and
more accurate and nearer nodes can route data packets more
precisely. Introducing fish eye techniques in OLSR is played
on time-to-live (TTL) field in topology control messages (TC
messages). The originator of a TC message sets the value of
TTL field of this message according to the distance, in number
of hops, which this message must travel. Analytical studies [6]
show how OLSR can achieve the theoretical scaling bounds
outlined by Gupta and Kumar [3] with the enhancement of
fish eye strategies. But, the authors do not assess the algorithm
needed to adapt the protocol to scale large network. On the
other hand, even the periodicity of the topology information is
reduced, it still has to be broadcasted over the entire network
and so the number of messages forwarded increases when the

number of nodes increases. Moreover, each node still store
and compute a route to all potential destination nodes in the
network and so the problem of storage and control overhead
of OLSR is not entirely solved.
The introduction of the well-known technique of clustering
into a link state routing protocol is one solution to reduce the
complexity of the routing protocol and to limit the routing
overhead. Based on a clustering algorithm, some works have
been proposed to improve the scalability of the link state
routing protocol.
Hierarchical OLSR [8] proposes an improvement of OLSR
based on clustering. HOLSR dynamically organizes nodes into
hierarchical cluster levels and assumes that some nodes have
better communication capabilities (number of interfaces, radio
propagation range, data rate, frequency bands, battery life,
etc.). For example, nodes equipped with only one interface
participate at level one. Nodes at level two are equipped
with two interfaces: one to communicate with nodes at level
one and one to communicate with nodes at level two. This
second interface must have a longer transmission range. More
levels of hierarchy can be built depending on communications
capabilities of the nodes in the network. So, nodes with better
capabilities become cluster heads for nodes at lower levels.
The topology information is exchanged only within the cluster
and cluster heads of the same level exchange addresses of their
local nodes through direct communications. Member nodes
have enough information to route traffic to any same-level
same-cluster destination. For data transmissions outside the
local area, the cluster head is always used as the gateway by
member nodes at lower hierarchical levels and it is responsible
to forward data traffic to the appropriate same-level cluster
head. This may lead to suboptimal paths when the source
and the destination are close but belong to different clusters.
Besides, HOLSR assumes that some nodes are equipped with
better communication capabilities which may not be verified
in some networks.
OLSR tree [9] presents a tree clustering technique like [10]
to introduce hierarchical routing in OLSR without assuming
heterogeneity of the network nodes. The clustering algorithm
is based on the connectivity of nodes. Each cluster will be
referred to as a tree and each cluster head will be referred to as
the root of its tree. Regular OLSR is used as routing protocol
within the tree. To route to other trees, OLSR is applied on the
cluster topology thanks to ”super messages” (Super TC, Super
Hello, ...) exchanged by cluster heads. When a node needs to
send data to a node outside its tree, it first sends the traffic
to its root which then forwards the traffic to the destination
node following the cluster path. This may overload the cluster
heads and produce suboptimal paths. OLSR tree proposes an
interesting approach to improve OLSR scalability. However,
applying OLSR on top of the cluster topology may generate
additional overhead.
The Clustered OLSR protocol [11] introduces a modification of OLSR which makes use of clustering in order to
reduce the control overhead and the routing table size. COLSR does not depend on a specific clustering algorithm

but it assumes that a clustering mechanism is being executed
in the ad hoc network. The protocol applies regular OLSR
inside each cluster and TC messages are forwarded only
within the cluster. The approach followed by C-OLSR is to
leverage the same mechanisms of plain OLSR to the level
of clusters. Thus, two new messages C-HELLO and C-TC
are defined to emulate the behavior of an OLSR node by
a cluster. C-MPR clusters are elected thanks to the C-Hello
messages. C-MPR clusters are used to reduce the overhead of
C-TC message distribution. The authors present three different
algorithms which differ on the node(s) which are responsible
for generating the cluster topology messages (C-Hello and
C-TC). It can be the cluster heads that generate both the
C-Hello and the C-TC messages or the border nodes or a
hybrid solution where the border nodes generate the C-Hello
messages and the cluster heads generate the C-TC messages.
Applying OLSR at the cluster level leads to the exchange of
relative Hello and TC messages (C-Hello and C-TC) which
may generate an important overhead. Also, the loss of one
of these messages may disturb the integrity of the routing
function.
The authors in [12] present a scalable adaptation of the
OLSR protocol based on clustering. In the rest of this paper,
we name this proposed approach as SA-OLSR. The routing
protocol SA-OLSR is independent of the clustering algorithm
used. But, SA-OLSR assumes that a clustering mechanism
is being executed in the ad hoc network and each node is
aware of its cluster head address. Also, SA-OLSR recommends
employing a K-hop clustering algorithm which forms clusters
with diameter larger than 2 hops. For intra-cluster communications, SA-OLSR uses the regular OLSR protocol and the
propagation of the topology control information is limited
within the cluster. Unlike previous OLSR-based approaches
which use clustering like OLSR tree and C-OLSR, SA-OLSR
does not rely on a version of OLSR at the cluster level.
Indeed, cluster heads are required to send a new message
called TC Cluster to ensure the out-of-cluster routing. This
message contains the list of the nodes belonging to the same
cluster and it is broadcasted over the entire network. When a
node receives a TC Cluster message, it registers as its next
hop to the cluster head sending the message the node that
has just forwarded the message. SA-OLSR only considers the
first copy received of the TC Cluster message assuming that
this first copy has necessarily taken the faster, less congested
path. The other copies are discarded. Although this solution
allows reducing the control overhead compared to the C-OLSR
solution, considering the first received copy of the TC Cluster
message may lead to overload some nodes. Indeed, neighbor
nodes, receiving the TC Cluster message from the same
node, choose the same next hop node. Moreover, performance
evaluation in [12] only studies the overhead parameter and
does not consider a realistic MAC layer and mobility of nodes.
III. T HE P ROPOSED P ROTOCOL
We propose a hierarchical cluster-based proactive routing
protocol for large SONs, called L-HCLSR (L-Hierarchical

Cluster-based Link State Routing Protocol). In our proposition,
the network is organized into L logical levels of clusters. This
hierarchical clustering is used to reduce routing overhead and
routing table size. Like other works such as OLSR-tree, COLSR and SA-OLSR, it applies a link state approach over
the clusters topology created. Contrary to other cluster-based
approaches, clustering algorithm does not add any supplementary overhead and it performs using the routing information.
Further, L-HCLSR uses only two types of messages which
are Hello and CTC (Cluster Topology Control). Hello is used
to discover the neighborhood and create the logical structure
of the first level. The CTC message is used by cluster heads
at each level to discover neighbors cluster heads in the same
level and to elect cluster heads of the next level. The CTC
message is also used by all nodes in the network to construct
the global network topology and to calculate the routing table.
A. Neighborhood Discovery
Each node in the network sends periodically a Hello message to its one hop neighbors. This Hello message contains
the following information:
• the source node address;
• the cluster address of the source node;
• the list of the neighbors node address and their cluster
address.
The Hello information allows each node to construct and maintain a two-hop local topology. Indeed, node must associate one
timer for each neighbor. If this timer expired before receiving
a Hello message from this neighbor, the node detects that the
link with this neighbor is lost. Cluster address information are
used to form and to maintain the clusters topology at the first
level of the hierarchical clusters structure.

Due to the node mobility and the network topology changes,
cluster head and member nodes must change their role to
preserve validity of clusters topology. To maintain the clusters
topology, a set of rules is used when network topology
changes. We present these rules as a function of the type of
topology change. This includes new link and link failure.
• Rule 1: When a new link is detected between cluster
heads, the cluster head with the lowest connectivity
degree gives-up its role. Then, it attempts with all its
members to reach the cluster structure using the same
rules of cluster formation.
• Rule 2: When two neighbor nodes are no more in the
same transmission range, if one of these two nodes is
a cluster head and the second is a member of the same
cluster, the member node must leave the cluster. It returns
to Undecided state and attempts to reach another cluster
using rules 1 and 2 of cluster formation.

Fig. 1.

Virtual structure of Level 1.

B. Clustering Algorithm
To elect cluster heads of the first level, we use one-hop
clustering algorithm based on highest connectivity. Each node
can be in one of the three states which are Undecided, Cluster
Head and Member. When time progress, each node must
decide to be member or cluster head according to its two-hops
neighborhood information. Before deciding its role, each node
must wait a fixed time to discover its neighborhood. Cluster
formation applies the following rules:
• Rule 1: If a node has the highest connectivity in its neighborhood, it creates a new cluster and becomes cluster
head. If several nodes have equal highest connectivity
degree, we use the least identifier as second metric.
• Rule 2: The node which is neighbor of one cluster head
becomes member of this cluster. If it is neighbor of more
than one cluster, it chooses the cluster with maximum
cardinality as first metric. In case of equal cardinality, it
uses node identifier as second metric.
We note that if there is no cluster head in the neighborhood
and there is one or more Undecided neighbors, the node
must wait until the highest neighbor decides. Moreover, to
accelerate the clustering convergence, each node must send
Hello message every time that its state changes.

C. Gateway Election
To optimize the diffusion of Cluster Topology Control
(CTC) messages, L-HCLSR makes use of a virtual mesh
backbone formed by a connected dominating set (CDS). The
set of all cluster heads already elected forms, by definition,
a DS (Dominant Set). So, to create the virtual backbone
it is sufficient to connect these cluster heads. Each cluster
head must choose one gateway which allows it to reach each
neighbor cluster head. Only gateway nodes forward CTC
messages which are initiated from inside or outside its cluster.
Gateway nodes play the same role as Multi Point Relay (MPR)
nodes in OLSR protocol [1].
Definition 1: Let u and v two cluster heads. u and v are
neighbors cluster head if it exists one node in the cluster of u
neighbor of one node in the cluster of v.
The previous definition assumes that each two neighbor
clusters at the first level are distant by one or two hops. In
our proposal, the selection of the gateways is performed by
the cluster head. Each pair of neighbor cluster heads must
choose the same gateways to avoid a discontinuity in the
virtual backbone. We distinguish two rules to connect two
neighbor cluster heads:

Rule 1: If the two cluster heads are linked through only
one node, this last is chosen as gateway. If several nodes are
candidates for the role of gateway, the node with the best
metrics (highest connectivity and in case of equality lowest
identifier) is selected as gateway.
Rule 2: If the two cluster heads are linked through two
nodes, these two nodes must be selected as gateways. If several
pair of nodes are candidates for the gateway role, the pair
which contains the node with the best metrics is selected.
Figure 1 illustrates an example of the first level structure.
In this level, cluster heads (black nodes) and gateway (gray
node) form the virtual backbone used to optimize diffusion of
control messages.
D. Hierarchical Clustering

absolute maximum level. In L-HCLSR, L defines the number
of considered levels. So, L takes its value in the set {1,2,3,4,5}.
Moreover, only cluster heads at last level L broadcast its CTC
messages in the entire network (with TTL=255).
After the exchange of CTC message of order K, cluster head
at level K with the highest connectivity in its neighborhood
becomes cluster head of the level K+1. Figure 2 illustrates the
election of cluster heads of level 2. The node 5 is a cluster
head at the level 1 and it has the highest connectivity in its
neighborhood. So, it becomes cluster head of level 2 and its
neighbor cluster heads such as node 2, 20 and 8 become
members of its cluster in the second level.
To reduce the routing overhead, L-HCLSR protocol uses
also the fish eye technique. Indeed, CTC messages of order K
are more frequently diffused than CTC message of order K+1.
For example, a cluster head of level 3 sends CTC(1), CTC(2)
and CTC(3) with different frequency. We propose F (K) = 21K
as the frequency function of the CTC message of order K.
E. Routing Table

Fig. 2.

Cluster head of Level 2.

To create the hierarchical structure, cluster heads of the level
K become ordinary nodes at level K+1. Figure 2 illustrates
the topology of the level 2 formed by the level 1 cluster
heads of the example of figure 1. To elect cluster head
of level K, the same clustering algorithm described in the
section III-B is applied. Therefore, all nodes in this level are
invited to discover its 2-hops neighborhood. So, each cluster
head diffuses through the virtual backbone a specific control
message called CTC (Cluster Topology Control).
The CTC message is used to assure two roles. It is used
by the cluster heads to discover their neighborhood and elect
cluster heads of the next level. And, it is also used by all
nodes to build the global network topology and to compute
their routing table.
For each level K corresponds a CTC message of order K
which is sent periodically and only by cluster heads of this
level. The CTC message contains the list of the members in the
cluster, the list of neighbors cluster heads in the same level and
the proposed distance to reach these neighbors cluster heads.
Each cluster head adds its level and its parent cluster head in
the CTC message to perform the election of cluster heads in
the next level and to allow cluster head to know their neighbor
clusters in the same level.
Considering one level K, CTC(K) messages are sent with
TTL= 3K to reach all neighbors in this level. Since, all cluster
heads at the distance less then 3K -hops are considered as
neighbors cluster heads at the level K. Therefore, the TTL
of CTC message at the level 5 is very near to the maximum
values of TTL (255). Then, we can considered this level as the

To compute the routing table, each node in the network
build the 2-hops neighborhood via exchange of hello message.
It build also the global network topology via collecting CTC
message received from different cluster heads from different
levels. This global network topology is defined as the interconnection of all clusters in the network. Figure 3 shows the
network topology looked by the node 1, when the the number
of level L is set to 2. This topology contains all nodes in the
2-hops neighborhood, all level 1 cluster head distant less then
6-hops and all cluster heads at the last level 2.

Fig. 3.

The node 1 view of network topology.

Each node in the network maintains a routing table which
allows it to forward data packets for all destinations in the
network. Routing table contains two types of route entries.
The first type of route entry is used to reach all nodes in the
two-hop neighborhood. The second type of entry is used to
reach all clusters in the entire network. The routing table is
calculated (or re-calculated) periodically and when topology
changes occur. The procedure, used to calculate routing table,
starts by adding the two-hop neighborhood entries to the

routing table. Then, one entry is added for each cluster of
the entire network.
F. Data forwarding
Data forwarding process is responsible of routing data
packets from source to destination. All nodes in the network
have enough topology information to forward packets to all
destinations thanks to CTC messages. Each node, in addition
of its ordinary routing table, maintains a location table which
contains an association of node and its cluster. When an
intermediate node receives a data packet, it begins by searching
a neighborhood entry in the routing table. If it finds one
corresponding entry to the destination address, it forwards
the packet to the next hop. Otherwise, it searches the cluster
address of the destination in its location table. If the destination
is located, intermediate node searches an entry corresponding
to the cluster destination among intra-cluster route entries. It
then forwards the packet to the next hop. When the destination
is not reachable, the data packet is deleted.

2) Routing overhead : The routing overhead italics how
many routing packets for route computation and route
maintenance are needed to be sent to propagate the data
packets. It is measured by the total number of routing
packets transmitted during the simulation.
3) Average end-to-end delay of data packets: This delay
includes processing and queuing delays in each intermediate node in addition to transmission and propagation
time.
In this work, we are interested to the scalability of the
routing protocols. For this reason, we vary the number of
nodes and keep the same value of node density to 10 neighbors
per node. The number of CBR connection is set to 20
connections.

IV. S IMULATION R ESULTS
In this section, we evaluate by simulation the performance
of our routing protocol L-HCLSR with the network simulator
ns-2 [13]. We study the performances of the L-HCLSR protocol in the case of the number of levels sets to (L=1) and (L=2).
We compare our proposition to SA-OLSR protocol [12] with
cluster radius set to 3-hops. We have chosen SA-OLSR for
the reason that is the most recent and have better performance
than the others protocols.
For the experiments described in this paper, we use IEEE
802.11 as physical and MAC layer. We assume that the radio
model uses bit-rate of 2 Mbits/s and has radio range of 250
m. We assume also that all nodes have adequate capacity for
buffering and resources.
The mobility model is the same used in similar works
which evaluate routing protocols [14], [15], [16]. Nodes in
the simulation move according to RWP (Random Way Point)
model [17] in a square area. Like in [15], the speed of each
move is uniformly distributed between [0.1-0.3] m/s for low
mobility experiments.
We choose the constant bit rate (CBR) as application
layer like in [14], [15], [16]. The source-destination pairs are
selected randomly over the network.The packet rate at the
source node is 8 packets/sec and all data packets are 512 byte
long. All CBR connections were started at times uniformly
distributed between 50 and 350 seconds. Simulation duration
is fixed to 400 seconds.
Unlike the evaluation of [12], we do not limit our study
to one metric (the overhead) to compare routing protocol
performances. We study the most common evaluated metrics
used in many previous works [14], [15], [16]. These metrics
are the following:
1) Packet delivery ratio : Packet delivery ratio is calculated
by dividing the number of packets received by the final
destination through the number of packets originated by
the application layer of the source (i.e. CBR source).

Fig. 4.

Routing overhead as a function of the number of nodes.

Figure 4 presents a comparison of the routing overhead
of 1-HCLSR, 2-HCLSR and SA-OLSR as a function of the
number of nodes. Routing overhead increases monotonously
for the three protocols. 1-HCLSR and SA-OLSR have a
closer routing overhead and 2-HCLSR gives the most reduced
overhead. We notice that using two levels of hierarchy in the
structure of the network allows to reduce the routing overhead.
Indeed, introducing two levels reduces the number of nodes
which forward topology updates messages and reduces also the
number of nodes which originate these messages. Strategy in
the 1-HCLSR is more close to strategy of SA-OLSR. The both
protocols use only one level clustering and apply a link state
algorithm to the clusters topology. The difference between
these two protocols is that the 1-HCLSR protocol do not
add explicit message to the clustering process like SA-OLSR.
But, SA-OLSR produces small number of cluster, since its
cluster radius is set to 3-hops against 1-hop for the 1-HCLSR
protocol. The gain of overhead due to the clustering explicit
message is lost by the big number of cluster created.
Figure 5 shows the packet delivery ratio as a function of
the number of nodes. The performance of the three protocols
decreases when the number of nodes increases. But, we notice
that the three protocols give a high packet delivery ratio more
than 97%. Using two levels of hierarchy for 2-HCLSR limits
the network view of each node, and so the route to the
destination became vaguer. This can lead to loss some packets

two types of control messages are employed: Hello and CTC.
Hello message is sent by each node and not forwarded. CTC
messages are originated by cluster heads and are forwarded
by a limited number of nodes as a function of their distance
from the cluster head. We have shown using simulations that
1-HCLSR outperforms 2-HCLSR in terms of packet delivery
ratio and end-to-end delay. But, HCLSR with two levels gives
the best overhead. Simulations results show that our protocol
outperforms SA-OLSR. In the future, we would like to study
the impact of the number of levels L in the behavior of LHCLSR especially in a most large networks. Also, the impact
of the nodes mobility and nodes density in performance of
L-HOLSR should be studied.
Fig. 5.

Packet delivery rate as a function of the number of nodes.

and so explain why the packet delivery ratio of 2-HCLSR is
more reduced than 1-HCLSR one. We observe that SA-OLSR
gives the most reduced packet delivery ratio. Since, SA-OLSR
compute the route to the destination by considering the first
received copy of the topology update message this lead to
overload some nodes and so to loss more packets .

Fig. 6.

End-to-end delay as a function of the number of nodes.

Figure 6 presents the end-to-end delay as a function of the
number of nodes. End-to-end delay increases when the size of
the network increases. SA-OLSR protocol is the most affected
in large networks and provides the highest end-to-end delay.
Since SA-OLSR gives the most reduced packet delivery ratio,
we can conclude that the loss of some packets will delay the
reception of these packets. End-to-end delay of 2-HCLSR is
higher than 1-HCLSR one. Since, with 2-HCLSR nodes have
a vague view of the network than 1-HCLSR, this may lead to
suboptimal paths. As the result, the end-to-end delay increases.
V. C ONCLUSIONS AND FUTURE WORK
In this paper, we propose a link state routing protocol LHCLSR for large SONs based on hierarchical clustering. The
protocol makes use of hierarchical clustering and fish eye
technique to reduce the overhead of the routing protocol. Also,
the clustering algorithm uses the routing control exchanged
information in the aim to more reduce the overhead. Only,
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