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Abstract— This paper explains and evaluates the performanc

of a cluster architecture-based routing protocol, calliedk K. Demand for chlable MA_NET ) _ )
Cluster Protocol (LCP) in mobile ad hoc networks = As large-scale, high-density multi-hop network is dégdira
(MANETS) LCP shows better performance compared to onl! Many potential applications there exists a grezgenand on
of the most popular ad hoc routing algorithm, cakethoc scalable MANET architecture. The challenge is in tinétdid

On-demand Distance Vector (AODMpr various network Scalability despite the improved spatial diversity inaggé
scenarios, particularly with tredustered layoubf nodes. This ggt\r:v:trvl\(/o?lr(e:i'zeEﬁfg\}\I/\sle[lb]angx\ilgd;[g rzilllaoimed dggrtg?ggeii?é?a
node arrangement is more practical in many potential MANE 9 ' y

o . . route length between two end nodes in a MANET. etLal.
application areas and is contrasted with the randonutdiat uggested that a large-scale multihop network is feasitly

most of previous MANET research assumed. Even thoug\%vhen most communication is local so that the path ledogis
nodes are not uniformly scattered, the underlying dluste,ot increase as network size grows [2]. GrossglaassrTse
architecture based on LCP algorithm constructs a numifber proposedan approach that each node localizes its data transfers
clusters quite uniformly in the network area and thus thgy buffering the traffic until the destination node approache
adverse effect of non-uniform node arrangement can bgithin its radio range [3]. This solution however incesas
effectively avoided. We measured the packet delivety, ra delay and requires a large buffer size at each node.

delay, and control overhead for evaluating the LCP based on

ns-2 network simulator and found that the major bewefites  B. LCA (Link Cluster Architecture) for a scalable MANET

the reduced routing control overhead especially around hot More general approaches for a scalable MANET have

spots where nodes are overly cluttered. recently been explored in the literature [4]. Chemnal.
proposed a forwarding backbone to reduce the number of
control packets in a large-scale MANET [5]. Scalapitid
hundreds of thousands of nodes has been pursued by Etorris
al., where control packets are not flooded but directedrteeso
. INTRODUCTION particular positions [6]. Among themLink Cluster

Wireless networks can be classified in two types:Architecture (LCA)is one of the promising architectural
Infrastructured networks and infrastructure-lessbile ad hoc  choices for a scalable MANET [4]. Mobile hosts krgically
networks (MANETS) Infrastructured network consists of a partitioned into groups, calledlusters one host is chosen to
network with fixed and wired gateways, called basatiGsts.  perform the function of a master and some others tomerf
A mobile host communicates with a base station in theatk  the function of gateways between clusters. Dependinthe®n
within its communication radius. The mobile host cane@  number of gateways between clusters, LCA produces
any time while it is communicating. When it goes outaoilge  gyerlapping or disjoint clusters. We classified themLG

of one base station, it connects with new base statidrstarts (LCA with no gateway).SG (LCA with a single gatewaghd
communicating through it. A MANET consigtéa number of LPG (LCA with a pair of gateways)

mobile hosts each of which can communicate with any other Essentially, LCA divides an entire multi-hop MANET

host through a dynamically computed route. MANETS are +o a number of one-hop networks each of which hasw

highly suitable for applications involving special outdoor ) S
evgen%/s, communicatigrﬁ)s in  regions ?Nithp no  wirelesdnaster node. Master nodes collectively maintain iméiion

infrastructure, emergencies and natural disastersyalitelry on routing paths and _n_odes’ associa_ltion with cluster@A L

operations. Host mobility may be the most criticaiuie in a  IMProves the scalability by reducing the routing-related

MANET, and thus previous research mostly focuses on routingPntrol overhead. —Other advantages are: Less chances of

or multicasting protocols that show consistent perfocean ~ interference via coordination of data transmissions, raore

the presence of wide range of mobility patterns. robustness in the face of node mobility by judiciallyesghg
stable nodes as masters.

Index terms -mobile ad hoc networks; node clustering; clustered
architecture; network scalability;



C. Research Focus and Paper Organization protocols such that routes are created only when desirék by

This paper considers the effectiveness of LCA in gSource node. Once a route has be_en established, it is
MANET, in particular where node distribution is not randommaintained by some form of route maintenance procedure
in space. While most of previous studies on MANETs assumntil either the destination becomes inaccessible alang a
random layoutof nodes, it is quite possible in real scenariosPath from the source or it is no longer desired. Inreshto
that nodes gather in clusters rather than scatter atmantio ~ table-driven routing protocols all up-to-date routes aoe
other word, some subareas have concentration of vduiss ~ Maintained at every node. The hybrid approach combirees
others have a few or no nodes. This node placement table-driven approach and source-in_itiated on-demandndrive
referred asclustered layout[7]. In concentrated subareas, @PProach such that locally table-driven but globally source
severe interference happens due to heavy network trdffic. initiated for minimizing the overhead incurred in route
the sparse subareas, network connectivity is weak thaks togdiscovery and maintenance while maximizing the efficie
network capacity is reduced by underutilization of the channely | ink Cluster Architecture (LCA)

According to previous study [7], the node distributionttod
clustered layout contains a heavy tail unlike the tiemi
Poisson distribution, and can be modeled by a power-I
distribution.

The main objective of this paper is to implement an
investigate the effectiveness of an LCA algorithm,ezhllink
Cluster Protocol (LCP)particularly with the clustered layout.
Based on Ad-hoc On-demand Distance Vector (AODV)
routing algorithm [8], we implemented LAR the context of
ns-2 network simulator [9]. According to the extensive
simulation study, LCP performs on par with AODV with the
random layout of nodes but shows significantly bette
performance than AODV with the clustered layout.

One of important design issues in abovementioned flat

a Vr\;)uting protocols is scalability. As network size gscand the
number of mobile nodes increases, each node must maintai

ore routing information and participate more in data
orwarding for other nodes’ behalf. One possiblaisoh is
hierarchical routing based diink Cluster Architecture (LCA)
In an LCA for a multi-hop MANET, mobile nodes are
logically partitioned into groups, calledusters The clusters
should be independently controlled and dynamically
reconfigured as nodes move. Within each cluster, oneisode
'chosen to perform the function of a masterd some nodes to
perform the function of gateways between clusters. The

The organization of the paper is as follows. Sectlon jgateway node participates in two clusters and is unaferas

overviews routing protocols and LCA for MANETs. Seunti of two master nodes with time-mu_ltiplexed manner. This
Il discusses the architecture of LCP and its impleatet. network architecture has three main advantages. Fird, dat
Section IV presents the simulation results for comparigg L fransmissions are coordinated and separated in tineadh
with non-clustered AODV with the clustered layout of emd cluster to reduce the chances of interference. Secothaly,
Finally, section V concludes the paper. cluster architecture is robust in the face of node ritphily

judicially selecting stable nodes as masters. Finkbgtion
management overhead can be greatly reduced with the help of
master nodes. They collectively maintain network topplog
A. Routing Protocols for MANETs and provide information on routing path and node location

. 513, 14].
A large number of routing protocols have been develope Figure 1 shows different cluster architectures withedit

for MANETS, which is characterlged by unpredlctablqruyes level of cluster overlapping. Figure 1(a) depicts an Lv@th

in network topol_ogy, node _moblllty, energy—constralnenﬂ_a no gateway (LNG). Here, master nodes perform thetifoms
memory-constrained  mobile  nodes, and  bandwidthpt gateways and they form a backbone network forimgugo
constrained, intermittent wireless connections. WHie  that most of traffic is traversed through the backboN&DR
routing problem has been well researched in infra-strettu (Near-Term Digital Radionetworking [15] andSpan[5] are
wireless networks, the solutions are more difficulfital in @  examples of LNG. LCA with a single gateway (LSG) and a
dynamic MANET. Each of the routing protocols trigss  pair of gateways (LPG) in Figure 1(b) and 1(c) have shared
effectively handle the problems of user mobility, baiutiv ~ gateway(s) between two clusters while LSPG in Figudg i%(
constraints, and resource constraints. the combination of the two. Note that clusters in LP&reon-

The routing protocols proposed MANET are generallyoverlapping. Cluster architecture f@RP (Zone Routing
categorized as table-driven, source-initiated on-demand, Protocol) can be considered as an extension of the LPG
hybrid based on the timing when the routes are updatech Wipecause it can have more than two gateways between two
the table-driven routing protocols, each node attempts tnaster nodes [16]Scatternetlefined in Bluetooth is a typical
maintain consistent, up-to-date routing information tergy €xample of LSG [17].
other node in the network by responding to the change®in th
network topology and propagating the updates. Ithiss
proactive such that when a packet needs to be forwahged t
route is already known and can be immediately used. With
source-initiated on-demand routing, routes are createg onl Master nodes are alternatively calledt@se stationscluster headg10],
when they are desired by a source node. These arweeactffzcirdinators[s] or a member oflominating sef11] or abackbone network

Il. PREVIOUS WORK




Maximal connectioralgorithm [11] is an LNG algorithm.
A node elects itself as a master if there are twghters that
are not directly connected. With this clustering aliponi,
master nodes collectively provide a routing backbone that
always guarantees the shortest pa8panalgorithm [5] is a
similar scheme but produces less number of master ndsles.
node elects itself as a master if there are two uremad
neighbors either directly or via one or two mastehs.
randomized backoff delay is used to resolve contentiop. B
definition, for each pair of nodes in two hops awagytare
directly connected or there is a 2-hop or 3-hop route evak
intermediate nodes are masters. In other words, mastes
connect any two nodes in the network providing the rgutin
backbone. Therefore, the Span algorithm produces an LNG
network, even though the paths are not always shortes

Scatternet defined in Bluetooth is a typical example of
LSG [17]. The network is very robust against interference
because each cluster in a scatternet, cagliednet uses a
different communication channel from those used in nearby
clusters based on thigequency hopping spread spectrum
(FHSS)system. Therefore, between two clusters, there must
be a gateway node that tunes to two different charofdlse
two clusters to serve as a gateway.

In order to make the routing algorithm scalabi&P
(Zone Routing Protocol)16] defines master nodes, or called
database nodesand let each of them maintain routing
information around itg-zone which is withinr hops away
from the master node. It is an LPG algorithm and eppdi
proactive strategy inside the zone and a reactivdegira
outside the local zone. Each node may be potentialitedc
in many zones. The proactivetra-zone routing protocol
(IARP) is an adapted distance-vector algorithm. When a
source has no IARP route to a destination, it invokesetive
inter-zone routing protocol (IERRhat is very similar to DSR.

In identifier-based algorithnj4], a node elects itself as a
master if it has the lowest-numbered identifier énuibcovered
Figure 1: LCA classification. neighbors, where any node that has not yet electeubiser is
said to be uncovered. By definition, a master node cannot

C. Clustering Algorithms (Master Selection Algorithms) ~ have another master as a neighboring node and thss, thi
Clustering algorithms are critically important in cluste algorithm produces an LSPG structur€.onnectvity-based

architectures since they deals with the problem osgacting  2/90Mithm [4] uses the node connectivity instead of node
the clustered subnets. They are also called as seetion identifier to determine a master. When a tie happerde no

algorithms because clustering is essentially a seleaion identifier is used to resolve the conflict. handomized

: lustering algorithm15], a node elects itself as a master if it
masters among mobile nodes that have equal and symmet? , P T X i
capabilities. Each master candidate has a differenbfset does not find any masters in its vicinity. Multiplenclidates

nodes depending on the spatial location and the radig " compete to be a master and the conflicts arh/eelsbyq .
o . random delay. When a node detects no masters in its

transmission range. Hence, electing a master node aMONG, eighbors, it first waits for a randomly selectedetinf it still

set of directly connected nodes is not straightforwarl. 9 ' y

clustering algorithm should be able to resolve conflintai detects no masters after the delay, it now becomeasiem

distributed way when multiple mutually exclusive candida’tesand announces the fact immediately to its neighborhis

compete. It must be able to dynamically reconfigure th algor?thm is logically the Same as _the identifier-based
cluster Sfructure when some nodes move or some masts algorithm when the random wait time is translated to node
to be replaced due to overloading. In the presence of nyobilit'dent'f'er'

. . d Adaptive clustering algorithnproposed in [13] forms
It must preserve its cl_ust_er structure as much as fessi disjoint clusters (LPG), each of which is assignedfiergint
reduces the communication overheads to reconstruct duster L | f h . ihbori |

[13]. communication channel from those in neighboring clusters.




Without this assumption, the algorithm is equivalent toB. LCP implementation — clustering algorithm
identifier-based clustering algorithm and it constructs the |5 | CP, master nodes are decided by the degree of

LSPG. connectivity. A node that has the largest numbeoahected
. LCP nodes among itencoveredneighbors is chosen as a master,

' where a node that is connected by a master node isoshél

A. Clustered layout covered. If a tie happens, a node that has a lower idenfi

selected as a master. Nodes that are covered by morenan

Most of previous studies on MANETs rely on mobility .
models to generate nodes’ movement as well as '[heEPaSter are gateway candidates. = Among the gateway

geographical arrangements. One important observation is th ndidates, a node that connects the largest nl_meerstrfr_Ena

all mobility models produce random layout of nodes at an{> S€leCted as a gateway. This procedure continudseuety
instance of time during the simulation execution. Thisigec Master connects to at least one gateway in its direct
considers a more realistic node arrangement in a MANEZ, ar cCOmmunication range. A node that is neither a master node
where node distribution is not random in space. Th&Or a gateway node is classified as a slave node.reFu
corresponding node arrangement is catietstered layounf ~ shows the resultant cluster architecture with a MANET i
nodes in contrast to random layout as discussed in IntroductioFigure 2. In Figure 3, masters are at centers of nspikes
Recently, researchers began to notice the profound tnopac and gateways are between masters. It is importardtéothat
node clustering on network performance [18, 19] and theven though nodes are clustered at the left middle ardwee of
topology generation methodology that produces clusteredetwork in Figure 2, masters are quite uniformly distred
layout has been suggested [7]. This model is based on powelross the network as in Figure 3.

law distribution with heavy tail as in BRITE [20] that Hasen

used to generate Internet topologies. Heavy-tail distdbati 1250
have recently observed from many areas where the expanenti

distribution was traditionally assumed. It depends on the pas \\M
memory unlike the exponential distribution that has a omgm f000
less property. )
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Figure 3: LCA construction of 250 nodes in a 1250x1250m?

MANET using LCP. (Masters are at centers of many spikes
and gateways are between masters.)
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0 w e C. LCP implementation — data forwarding
Figure 2: Clustered layout of 250 nodes in a 1250x1250m? In LCP, a data packet is forwarded from a source to its
MANET. master first, and then to the next master via a dhgageway,

and so on until it reaches the final destination. LGP i

Fig 2 shows the clustered layout of 250 nodes ovetmplemented on top of AODV _alg_orlthm and routlng paths are
1250<1250m 2 area based on the aforementioned topologigarched based on AODV principle. However, since master
generation method in [7]. An entire network area is divide Nodes have information of its clusters and its membdes)o
into a number of square subareas and the number of mobfientrol packets implementing the AODV such BREQ
hosts in each subarea is decided based on a given power-lgRpute Requesfp] is only handled by masters. When a node
distribution. A subarea that has a large number of nodeseca receives a RREQ packet, it either ignores the padkitigi a
considered as a hot spot. This subarea contributes the sha slave) or processes the packet (if it is a mastgy@mding on
the heavy tail in the node density distribution. Once thits role under the link cluster architecture. That vwantrol
number of nodes in a subarea is decided, they are randomdyerhead in a flat routing protocol, which is usually eausy

positioned within that subarea. In Figure 2, there istasp@  broadcasting of control packets, can be greatly reduced.
in the left middle area of the network and thus nodeityens

would not be uniform across the network.



In summary, a master node drops the packet from a sendeansmission range is 250m anthw-ray ground propagation

if the sender does not belong to its cluster. Otherwits

channelis assumed with data rate of 1 Mbps.

processes normally by passing the packet to AODV. A Constant bit rate traffic (CBRjs used for data traffic.

gateway processes a packet normally only if the seisdar
master that the gateway belongs to. A slave node anogs
of the packets unless it is the intended receiver. urEigh
shows the pseudo code of the LCP procedure.

512-byte data packet is generated every 0.001 ~ 0.5 from 100
CBR sources out of 250 nodes. Source-destination node pairs
are randomly selected. Several runs are repeated with
different source-destination pairs for the same numb&Bdt

LCP renders a routing path a bit longer than the originaraffic sources to obtain average performance measures.

AODV. However, since the packet link delay between tw

Three important performance metrics are evaluated:

nodes is negligible, taking more hops does not mean long&acket delivery ratids the ratio of the data packets delivered

delay. Under the wireless environment with random rmediu
access methods, most of delays come from collisiomsng
multiple senders.

Upon receiving a packet (sender S, receiver R)
at node N with its master M

{
if (N is a MASTER)
if (S belongs to N)
; a slave sends a packet to a master
pass the packet to AODV;
else
drop the packet;

orif (N is a SLAVE)
if (Nis R) && (Sis M)
; my master sends me a packet
pass the packet to AODV;
else
drop the packet;

or if (N is a Gateway)
if (Sis M)
; my master sends a packet
pass the packet to AODV;

to the destinations to those generated by the CBR source
Average end-to-end delay of data packettudes all possible
delays caused by buffering during route discovery latency,
gueuing at the interface queue, retransmission delays at the
MAC, propagation and transfer times. Finallgrotocol
overheadis total number of control packets that are used for
route discovery and maintenance.

B. Simulation Results and Discussion

Figure 5 compares the packet delivery ratio of LCP and
AODV with the clustered layout. As we can see infihere,
LCP performs better than AODV for most of the rangesa |
heavy traffic environment, LCP performs far betterntha
AODV. However, it is not true when traffic is lightThis is
simply because LCP extends the number of hops by having
masters and gateways along the routing paths andréaises
traffic for delivering data packets. It is noted th&HR_aims at
reducing the control overhead and thus it may not be as
efficient as expected when traffic is light.

This is also shown with the average packet delay in
Figure 6. LCP has less delay than AODV independent of
network load but the advantage is more significant when

else traffic is heavy. When the offered traffic is 0.5 Mbise
drop the packet; average delay is six times lower than AODV.
}
Figure 4: Pseudo code of LCP procedure. 1.0
IV. PERFORMANCEEVALUATION 0.8 ‘:‘\‘
o .
A. Simulation model 3 \
To see the effectiveness of LCP (Figures 3 and 4) with the 2 °° ~,
clustered layout (Figure 2), an extensive simulation stady h % - .
been conducted based on ns-2 network simulator [9]. aht is © 04 5
object oriented and discrete event driven simulatoittem in 2 : ‘o
C++ with an Otcl interpreter as a front-end. Physaivities 8 02 Jl—e—1cP
are translated to events and events are queued andsgaaes & AODV
the order of their scheduled occurrences. It simulatee
mobility, physical layer, radio network interfacesnd the 0.0 ‘ ‘
IEEE 802.11 MAC protocol. 0.0 0.2 0.4 06
The performance evaluation is based on simulation of 25( Offered datarate (Mb/sec)
static mobile nodes distributed on an area of £2360m2 as
in Figure 2. The simulation area is divided by 25 subaaeds _ _ _ _
each subarea has predetermined number of nodes. A power- Figure 5: Packet Delivery Ratio.

law distribution is used to determine the number of nodes in
each of 25 subareas as discussed in Section lll.A. rddie



how to further improve network capacity. At the satinee,

1.4 LCP and the related cluster architecture can be used to
— e—ICP improve scalability when designing large scale MANETSs
L2 o AODV ,,D The knowledge acquired from this research can be
‘ used for improving an algorithm for cluster network. The
& 10 N performance evaluation of LCA based algorithm under
I 08 S clustered layout will show other aspects of LCA based
S ) MANET algorithm. These new facets of algorithms vehd
£ 06 to an insight to designing better algorithms for MANERor
& F future research, we are going to add mobility into the
2 04 e simulation. We are also investigating the adaptive cingte
- algorithm, which converts a small size cluster to sdver
0.2 i___’/./‘ singleton clusters.
0.0 ‘ ;
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