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Abstract - A MANET is a collection of wireless nodes that can
dynamically form a network to exchange information without
using any pre-existing fixed network infrastructure. The special
features of MANET bring this technologya great opportunity
together with severe challenges. This thesis describes the
fundamentals of ad hoc networking by giving its concept,
features, and applications of MANET. Some of the technical
challenges MANET poses are also presented. The routing
protocols meant for wired networks cannot be used for mobile
ad hoc networks because of the mobility of nodes. The ad hoc
routing protocols can be divided into two classes: - table-driven
and on-demand. Routing in wireless mobile ad-hoc networks
should be time efficient and resource saving. One approach to
reduce traffic during the routing process is, to divide the
network into clusters. This work mainly focuses on cluster-
based routing protocol CBRP) and its comparative analysis
with two other on demand routing protocols Adhoc On
Demand Distance Vector (AODV) and Dynamic Source
Routing(DSR) which do not use cluster based mechanism for
routing. The results presented in this thesis illustrate the
importance in carefully evaluating and implementing routing
protocols when implementing an ad hoc network protocol.
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l. INTRODUCTION

Wireless ad hoc network is a collection of mobile devices
forming a network without any supporting infrastructure or
prior organization. Nodes in the network should be able to
sense and discover with nearby nodes. Due to the limited
transmission range of wireless network interfaces, multiple
network” hops” may be needed for one node to exchange
data with another across the network. There are number of
characteristics in wireless ad-hoc networks, such as the
dynamic network topology, limited bandwidth and energy
constraint in the network. Mobile ad hoc network is useful
for different purpose e.g. military operation to provide
communication between squads, emergency case in out-of-
the-way places, medical control etc.

Routing protocol plays very important part in
implementation of mobile ad hoc networks. Due to the
nature of mobile ad hoc networks it is non-trivial problem to
find path from source to the destination and perform the
communication between nodes for a long period of time.

A number of routing protocols using a variety of routing
techniques have been proposed for use in MANETS. Adhoc
On demand Distance Vector Routing (AODV) [1], Dynamic
Source Routing (DSR) [2], Temporally Ordered Routing
Algorithm (TORA) [3], Location Aided Routing (LAR) [4]
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(in which nodes search for or maintain a route only when
route is needed), and periodic (proactive) protocols suchas
Destination Sequence Distance Vector (DSDV) [5],
Distributed Bellman Ford [6] (in which nodes periodically
exchange routing information and then can always know a
current route to each destination). Also, several protocols
use both reactive and proactive mechanism such as Zone
Resolution Protocol (ZRP) [7], Cluster Based Routing
Protocol (CBRP) [8].

The basic idea of on-demand routing protocols, is that a
source node sends a route request and makes routing
decision based on received route reply, which may be sent
by destination or intermediate node. On-demand routing has
several advantages, such as simplicity, correctness and
flexibility. However, on-demand routing algorithms have the
disadvantage of increasing per-packet overhead. This extra
network overhead decreases the bandwidth available for
transmission of data, increases the transmission latency of
each packet, and consumes extra battery power in the
network transmitter and receiver hardware. Due to manner
of propagation route request (flooding), it is difficult to limit
dissemination of unnecessary packets.

The basic idea of proactive routing is periodically
updating routing table via exchanging routing information.
According to routing table, source node knows path or next
hop to destination anytime when route needs. In proactive
routing, route information is available when needed,
resulting in little delay prior to data transmission. However
proactive routing protocols are likewise not appropriate for
mobile ad hoc networks, as they continuously use a large
portion of the network capacity to keep the routing
information current. Proactive routing protocols tend to
distribute topological changes widely in the network, even
though the creation/destruction of a new link at one end of
the network may not be significant piece of information at
the other end.

The hybrid routing protocols pretends to inherit the best
parts of both reactive and proactive routing protocols. The
main idea of the hybrid routing protocols is the limiting the
set of forwarding nodes and using the proactive routing
algorithm for nearly placed nodes which usually forward
data to far placed nodes.

This thesis work investigates how the clustering in ad hoc
networks can result in time efficient and resource saving
routing. It describes the structure and working of an on
demand routing protocol that is cluster based routing
protocol in detail. In CBRP the nodes of a wireless network
are divided into several disjoint or overlapping clusters.
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Each cluster elects one node as the so-called cluster head.
These special nodes are responsible for the routing process.
CBRP is implemented using ns2 [9] as a simulation
environment and its results are compared with the protocols
AODV and DSR, the protocols which don’t use clustering
mechanism. Advantages and disadvantages of CBRP are
highlighted. Some suggestions are also made to overcome
the limitations when cluster based routing is used in
MANETS.

1. RELATED WORK

Traditional routing protocols based on the link-state [11]
or distance-vector [11]algorithms are aimed at finding
optimal routes to every host in the network, andtopological
changes of the network can only be reflected through the
propagation ofperiodic updates. These protocols are not
suitable for ad hoc networks. Indeed,finding and maintaining
routes to every host is too expensive and almost always
notnecessary as each host only communicates with a subset
of the hosts in the network.Furthermore, the periodic updates
cannot promptly reflect the frequent topologicalchanges in
ad hoc networks, which in turn will cause a lot of
undelivered packets andundermine the quality of
communication. As a consequence, a mobile ad
hocnetworking (MANET) working group has been formed
within the InternetEngineering Task Force (IETF) to develop
a routing framework for IP-basedprotocols in ad hoc
networks. Today, a number of routing protocols have
beenproposed for ad hoc wireless networks, derived from
distance-vector or link-staterouting algorithms. Such
protocols are classified as proactive or reactive, dependingon
whether they keep routes continuously updated or react on
demand. While eachprotocol has its own advantages and
disadvantages, none of them can be claimed asabsolutely
better than the others. Routing in wireless mobile ad-hoc
networks shouldbe time efficient and resource saving. One
approach to reduce traffic during therouting process is, to
divide the network into clusters.

The main aim of the project is to analyze, implement and
perform  comparative  analysis of cluster based
routingprotocol with the protocols that don’t use clustering
as a routing mechanism todemonstrate how the cluster based
routing results in time efficient and resourcesaving routing
as well as what are limitations of cluster based routing in
mobile adhoc networks and how these limitations can be
overcome by suggesting some of theimprovements in the
existing protocol.

111. OVERVIEW OF ADHOC ROUTING PROTOCOLS

Since the advent of DARPA[19] packet routing networks
in the early 1970s,numerousprotocols have been developed
for ad hoc mobile networks, which include high power
consumption, low bandwidth and high error rates. An Ad
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hoc protocol is aconvention or standard that controls how
nodes come to agree which way routepackets between
computing devices in a mobile ad-hoc network.

Routing protocols in MANETS can be classified as:

» Proactive(Table driven)[11]

» Reactive (On demand)[11]

» Hybrid[11]

3.1 Proactive protocols

These are called table driven protocols. In these protocols,
each node maintains routing information to every other node
in the network. The routing information isusually kept in
number of different routing tables. These tables are
periodically updated if the network topology changes.
Thedifference between these protocols existsin the way the
routing information is updated, detected and type of
information kept ateach routing. Some of these protocols
are:

»  Destination
(DSDV)[12]
Distributed Bellman- Ford (DBF)[12]

Wireless Routing Protocol (WRP)[13]
Cluster head Gateway Switch Routing (CGSR) [14]
Source Tree Adaptive Routing (STAR) [15]
Hazy Sighted Link State Routing ((HLSR)[16]
Hierarchical Stare Routing (HSR)[17]
Intrazone Routing Protocol (IZR)[18]
3.2Reactive Protocols

These are called on demand protocols. These are designed
to reduce theoverhead by maintaining the information for
active routes only at theexpense of delay due to route search.
This means that routes aredetermined and maintained for
nodes that require send data to particulardestination. Route
discovery occurs by flooding a route request through the
network. This scheme is significant for Ad hoc environment
since thebattery power is conserved both by not sending the
advertisements and bynot needing to receive them(A host
could otherwise reduce its powerconsumption by putting
itself into sleep or standby mode when they arenot busy with
other tasks.Some of the protocols are:
Associativity Based Routing[(ABR) [19]
Dynamic Source Routing (DSR)
Temporary Ordered Routing Algorithm. (TORA)
Adhoc On Demand routing protocol (AODV)
Cluster Based Routing Protocol (CBRP)
Relative Distance Micro discovery Adhoc Routing
(RDMAR) [20]
Signal Stability Routing ( SSR)[21]
Caching And Multipath Routing (CHAMP)[22]
Ant-based Routing Algorithm (ARA) [23]
3.3 Hybrid Protocols

This method combines the merits of proactive and reactive
routing protocols withsome additional features. The main
idea of the hybrid routing protocols is the limitingthe set of
forwarding nodes and using the proactive routing algorithm
for nearlyplaced nodes which usually forward data to far
placed nodes. While route to nearlyplaced nodes is available
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immediately, there is no waste of bandwidth due
topropagation of the local information to the far placed
nodes. Also with the flexibilityand correctness of the
reactive routing, the overhead is greatly decreased caused
bylimitation of number of forwarding nodes. This is
especially noticeably for highdense network. However
hybrid routing algorithm does not concentrate on the
routemaintenance against mobility. Also imperfect balance
between proactive and reactiverouting causes decreasing of a
data transmission performance, such as higher end-to-end
delay, reduction of a packet delivery ratio. Protocol in this
category is:
» Zone Resolution Protocol (ZRP)

A. Adhoc On Demand Distance Vector Routing
(AODV)

The Ad hoc On Demand Distance Vector (AODV) routing
algorithm is arouting protocol designed for ad hoc mobile
networks. AODV is capableof both unicast and multicast
routing. It is an on demand algorithm,meaning that it builds
routes between nodes only as desired by sourcenodes. It
maintains these routes as long as they are needed by
thesources. AODV uses sequence numbers to ensure the
freshness of routes.It is loop-free, self-starting, and scales to
large numbers of mobile nodes.AODV builds routes using a
route request / route reply query cycle.

AODV maintains routes for as long as the route is active.
This includesmaintaining a multicast tree for the life of the
multicast group. Becausethe network nodes are mobile, it is
likely that many link breakages alonga route will occur
during the lifetime of that route.

B. Dynamic Source Routing (DSR):

The DSR protocol is composed of two mechanisms that
work together to allow thediscovery and maintenance of
source routes in the ad hoc network. Route Discovery and
Route Maintenance each operate entirely on demand.
Inparticular, unlike other protocols, DSR requires no
periodic packets of any kind at anylevel within the
network.DSR allows such unidirectional linksto be used
when necessary, improving overall performance and
network connectivityin the system. DSR also supports
internetworking between different types of wirelessnetworks
[27], allowing a source route to be composed of hops over a
combination ofany types of networks available For example,
some nodes in the ad hoc network mayhave only short-range
radios, while other nodes have both short-range and long-
rangeradios; the combination of these nodes together can be
considered by DSR as a singlead hoc network. In addition,
the routing of DSR has been integrated into standard Internet
routing, where a “gateway” node connected to the Internet
also participatesin the ad hoc network routing protocols; and
has been integrated into Mobile IProuting, where such a
gateway node also serves the role of a Mobile IP
foreignagent.
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C. Cluster Based Routing Protocol (CBRP):

In recent years there have been some different approaches
on cluster-based routing.The essential works that are taken
into consideration here—apart from CBRP—arethose of
Krishna [24], Chiang [25] and Gerla and Tsai [26]. The
cluster-based routingprotocol (CBRP) was introduced by
Jiang[8] in 1999. In CBRP the nodes of awireless network
are divided into several disjoint or overlapping clusters.
Each clusterelects one node as the so-called clusterhead.
These special nodes are responsible forthe routing process.
Neighbours of clusterheads cannot be clusterheads as well.
Butcluster heads are able to communicate with each other by
using gateway nodes. Agateway is a node that has two or
more clusterheads as its neighbours or— when theclusters
are disjoint—at least one clusterhead and another gateway
node. The routingprocess itself is performed as source
routing by flooding the network with a routerequest
message. Due to the clustered structure there will be less
traffic, because routerequests will only be passed between
clusterheads.

3.1.1 Cluster formation

There are two approaches of cluster formation one is
identifier based clustering andother is connectivity based
clustering. When using identifier-based clustering a
nodeelects itself as the clusterhead if it has the
lowest/highest ID in its neighbourhood, or aneighbour node
if one has a lower ID. Connectivity-based clustering elects
the node,which has the most neighbour nodes, as the
clusterhead. So, whenever a clusterhead loses a neighbour
node its connectivity decreases and it is most likely that
anothernode has to be elected to act as clusterhead. While in
the identifier-based approach, anew clusterhead has to be
chosen only when nodes with lower/higher 1D appear.The
CBRP uses a variation of the lowest-1D algorithm specified
by Gerla and Tsai. Which is an identifier-based algorithm?
In order to support the cluster formationprocess each node
uses a neighbour table, where it stores information about its
neighbour nodes, such as their ID’s, their role in the cluster
(clusterhead or member node) and the status of the link to
that node (uni-/bi-directional). The neighbour table is
maintained by periodically broadcasting HELLO messages.
A HELLO messagecontains information about one node’s
state, its neighbour table and its clusteradjacency table. The
various states describe the clustering process depending on
thecurrent node state. These states are:

Undecided

This means the node does not belong to any cluster: this
usually occurs if anew node appears in the network. Thus, if
it receives a HELLO message from a clusterhead and there
is a bi-directional link between them it changes itsstate to be
member of the cluster indicated by the clusterhead.
Otherwise itlooks up in its neighbour table if it has any bi-
directional links. If so, it becomes itself the clusterhead of a
new cluster, if not, it remains in theundecided state and tries
again.
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Clusterhead:

If a clusterhead detects that it has a bi-directional link to
another clusterhead for a time period, it changes its state to
member if the other clusterhead has a lower ID. Otherwise it
stays the clusterhead and the other node has to change its
state. This is a special case which may result in clusterre-
organization
Member:

If a member loses its clusterhead, it looks for bi-
directional links to othernodes. If it detects any, it changes
its state to clusterhead if it has the lowestID, otherwise it
switches to the undecided state. Each member node belongs
atleast to one cluster.

a_o bo/ @

90

Fig.1. Clusterhead Movement

When clusterhead 5 moves intocluster 2 it gives up its role
as clusterhead according to its higher ID. NodesA and B
which lost their clusterhead form new clusters. Striking for
the goal to minimize cluster re-organization, the structure of
the clustersshould change as seldom as possible. That
means” a non-cluster head never challenges the status of an
existing cluster head”, even if it has a lower ID.

Routing:

CBRP uses two data structures to support the routing
process
1. The cluster adjacency table (CAT) and
2. The two-hop topology database.

The CAT stores information about neighbouring clusters.
This is, whetherthey are bi-directionally or uni-directionally
linked. That means, a clusteris called
> bi-directionally linked, if there is a bi-directional
link between two nodes ofthe clusters, or if there
are at least two opposite uni-directional links
betweentwo nodes
» Uni-directionally linked, if there is just one uni-
directional link between them.

é‘%
1

@

Fig. 2. Linking Between Clusters: Clusters A, Band A, C
are bi-directionallylinked, clusters C,D are unidirectional
linked.

Copyright © 2012 1JECCE, All right reserved

International Journal of Electronics Communication and Computer Engineering

Volume 3, Issue 3, ISSN 2249 —071X

The two-hop topology database is build from the
information received by HELLOmessages. It contains all
nodes that are at most two hops away. The routing
processworks in two steps. First, it discovers a route from a
source node S to a destinationnode D, afterwards it routes
the packets.

Route discovery

Route discovery is done by using source routing. In the
CBRP only cluster heads are flooded with route request
package (RREQ). Gateway nodes receive the RREQs aswell,
but without broadcasting them. They forward them to the
next cluster head. Thisstrategy reduces the network
traffic.Initially, node S broadcasts a RREQ with unique 1D
containing the destination’s address, the neighbouring
clusterhead(s)—including the gateway nodes to reachthem—
and the cluster address list which consists of the addresses of
the clusterheads forming the route.

When a node N receives a RREQ it does the following:
IF N is member
IF D is in the neighbour table
Send RREQ to D
ELSE IF N is gateway to clusterhead C
Forward RREQ to C
ELSE
Discard RREQ
ENDIF
ELSE IF N is clusterhead
IF RREQ already seen
Discard RREQ
ELSE
record ID in cluster address list of RREQ
IF D is neighbour OR D is two hops away
send RREQ to D
ELSEFOR EACH neighbouringclusterhead C DO
IF NOT C in address list of RREQ record C in cluster
address listof RREQ
ENDIF
ENDFOR
ENDIF
Broadcast RREQ
ENDIF
ENDIF
If the RREQ reaches the destination node D it contains the
loose source route[S, C1, C2,...,Ck,D]. D sends a route reply
message (RREP) back to Susing the reversed loose source
route [D,Ck,...,C1, S]. Every time a clusterhead receives this
RREP it computes a strict source route, which then consists
only ofnodes that form the shortest path within each cluster.
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Fig.3. Source Routes: The loose source route (non-dashed
arrows) and thestrict source route (dashed arrows) from S to
D.

Routing and route improvement

Due to node movement, disappearance of nodes or
failures, the CBRP includes twomechanisms to improve a
route: The first is Local Repair and the second is
RouteShortening.

» Local Repair

If a connection between two nodefails, the CBRP is able
to repair theroute. Therefore one of the following nodes of
the route has to be in the two hoptopology database of the
node, that discovered the broken link. If the node isunable to
repair the route, the route has to be recalculated.

Fig. 4. Local Repair: The broken route between N and D
(gray arrow) was repaired by using the clusterhead.

» Route shortening

Sometimes a node may discover a connection between
itself and anothersucceeding node of the route, that is not its
direct successor or a connectionbetween two following
nodes, respectively. This can be done by examining
theinformation stored in the two-hop topology database. If
so, it shortens the route byexcluding the redundant node(s)
from the route.
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Fig.5. Route Shortening

Node N discovered a new connection betweenitself and D
(dashed line) and shortened the route.

In both cases, Local Repair and Route Shortening, the
destination node is informed about the changes by receiving
a gratuitous route reply packet from the node thatperformed
the changes.

IV. EVALUATION

4.1 Simulation results

We are implementing the results using NS2 simulator. We
are comparing AODV, DSR and CBRP for performance
metrics by throughput, delay and overhead by taking 10
nodes, 20 nodes, 30 nodes and 40 nodes separately.

Parameter Value

Number of nodes 50

Simulation time 900sec

Pause time 5ms

Environment size 1500x300
Transmission range 250m

Traffic size CBR (constant bit rate)
Packet size 512 bytes

Packet rate 4 packets/s
Maximum speed 20 m/s

Queue length 50

Simulator Ns-2.29

Mobility model Random waypoint
Antenna type omnidirectional

Table: Comparison of AODV, DSR and CBRP

4.1.1 Throughput:

The two source routing protocols demonstrate high quality
in delivering packets — more than 95% in the case of 50
nodes. AODV has difficultywhen the nodes are moving fast
(corresponding to smaller pause time), with a throughput
less than 80%. Source routing reveals moreinformation in
one route discovery than AODV. Therefore, within thesame
time, more routes are discovered and so more packets can
bedelivered. AODV catches up when the mobility of the
nodes gets lower.This is because routes become more stable,
and so eventually everybodycan find all the routes it ever
needs. Between DSR and CBRP, CBRP hasa better
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throughput for a larger network size. This better scalability
comesfrom its largely reduced flooding for route discovery.
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Among the three protocols, AODV has the shortest end-
to-end delay of no more than0.05 seconds. Besides the actual
delivery of data packets, the delay time is alsoaffected by
route discovery, which is the first step to begin a
communication session.The source routing protocols have a
longer delay because their route discovery takesmore time as
every intermediate node tries to extract information before
forwardingthe reply. The same thing happens when a data
packet is forwarded hop by hop.Hence, while source routing
makes route discovery more profitable, it slows down
thetransmission of packets. CBRP is even more time-
consuming because of its two-phaseroute discovery. The
task of maintaining cluster structure also takes a piece of
eachhost’s CPU time.Figure 5.4 Average data packet delay:
50 node model with various no of trafficsources.
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Without any periodic hello messages, DSR outperforms
the other twoprotocols in terms of overhead. In most cases,
both the packet overheadand the byte overhead of DSR are
less than half of the overhead of CBRPand less than a
quarter of AODV’s overhead. AODV has the
largestroutingload (in the 50-node cases, as many as 6.5
routing packets perdata packet and 2 routing bytes per data
byte) because the number of itsroute discoveries is the most,
and the discovery is network-wide flooding.CBRP has a
much smaller flooding range; the number of its routerequests
and replies is constantly half that of DSR. But its hello
messagesoutweigh this gain. And since the size of CBRP
hello messages can belarge, its byte overhead is still more
than DSR’s (in the 50-node cases,more than twice as much
as DSR’s). When there are more connections,more routing is
needed, and so the proportion of hello messages in thetotal
overhead becomes smaller. As the result, CBRP and AODV
get closer to DSR.

V. CONCLUSION

In this work, we focused on the routing problem in ad hoc
networks. Routing inwireless mobile ad-hoc networks
should be time efficient and resource saving. Oneapproach
to reduce traffic during the routing process is, to divide the
network intoclusters. We have seen the structure and the
working of the cluster-based routingprotocol. We also
described the working of two other routing protocols ad hoc
ondemand distance vector and dynamic source routing. We
have presented an extensivesimulation study to compare
three on-demands ad hoc routing protocols (DSR,
AODV,and CBRP), using a variety of workloads such as
mobility, load, and size of the adhoc networks. Our results
indicate that the two source routing—based protocols,
DSRand CBRP, have very high throughputs while the
distance-vector-based protocol, AODV, exhibits a very short
end-to-end delay of data packets. Furthermore, despite
its improvement in reducing route request packets, CBRP
has a higher routingoverhead than DSR because of its
periodic hello messages. DSR has much smallerrouting
overhead than AODV and CBRP, and AODV have the
largest overhead among the three protocols.

We can further extend our work to often routing protocols
such as CGSR. We can super cluster concept to CBRP.

REFERENCES

[1] C. E. Perkins, E. M. Belding-Royer, and S. Das,” Ad hocon-
demand distance vector (AODV) Routing,” RFC 3561,July 2003,
work in progresshttp://www.ietf.org/rfc/rfc3561.txt

[2] David Johnson, David Maltz and Yih-Chun Hu,” The Dynamic
Source Routing Protocol for Mobile Ad Hoc Networks,” Internet
Draft, draft-ietf-manet-dsr-10.txt,work in progress, July 2004

[3] V. Park and S.Corson” Temporally-Ordered Routing Algorithm,”
Internet Draft,draft-ietf-manet-tora-spec-03.txt, work in progress,
June 2001.

Copyright © 2012 1JECCE, All right reserved

(4]

[5]

(6]

[71

(8]
[9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

International Journal of Electronics Communication and Computer Engineering

Volume 3, Issue 3, ISSN 2249 —071X

Y.-B. Ko and V. N. H.,” Location-Aided Routing in mobile Ad
hoc networks,” ACM/IEEE Mobicom, pages66-75, October 1998.
C. E. Perkins and P. Bhagwat,” Highly Dynamic Destination-
Sequenced Distance Vector (DTDV) for Mobile Computers,” Proc.
of the SIGCOMM 1994Conference on Communications
Architectures, Protocolsand Applications, Aug1994, pp 234-244.
Dimitri P. Bertsekas and Robert G. Gallager, “Distributed
Asynchronous Bellman-Ford Algorithm,” Data Networks, pp. 325-
333, Prentice Hall, Enlge wood Cliffs, 1987, ISBN 0-13-196825-4
Zygmunt J. Haas, Marc R. Pearlman and Prince Samar, “The Zone
Routing Protocol (ZRP) for Ad Hoc Networks,” Internet
Draft,http://www.ietf.org/proceedings/02nov/I-D/draft-ietf-manet-
zone-zrp-04.txt, working progress, July2002.

M. Jiang, J. Li and Y. C. Tay,” Cluster Based Routing Protocol
(CBRP),” Functional Specification Internet Draft,draft-ietf-manet-
cbrp.txt, work inprogress, June 1999.

http://www.isi.edu/nsnam/ns
http://www.cisco.com/univercd/cc/td/doc/cisintwk/ito_doc/routing.
htm

royer, E.M. and Chai-Keong Toh,” A review of
current routing protocols for ad hoc mobile wireless networks
Personal communication

Shree Murthy and J.J. Garcia-Luna-Aveces A Routing Protocol for
Packet Radio Networks,” Proc. ACM International Conference on
Mobile Computing and Networking, pp. 86-95, November, 1995
Ching -Chuan Chiang, Hsiao-Kunag Wu, Winston Liu and Mario
Gerla,” Routing in Clustered Multihop, Mabile Wireless Networks
with Fading Channel,” IEEE Singapore International Conference
on Networks, SICON'97, pp. 197-211, Singapore, 16.-17. April
1997, IEEE

J.J. Garcia-Luna and M. Spohn,” Source Tree Adaptive Routing
Internet Draft,” draft-ietf-manet-star-00.txt, work in progress,
October 1999. / J.J. Garcia-Luna. M Spohn,” Source-Tree Routing
in Wireless Networks,” Proceedings of the 7" International
Conference on Network Protocols, IEEE ICNP 99, Toronto,
Candada, pp. 273-282, IEEE, October 1999
http://citeseer.ist.psu.edu/garcialuna- aceves99sourcetree.html
Cesar Santivanez And Ram Ramanathan,” Hazy Sighted Link State
routing protocol (HSLS),” BBN Technical Memorandum No. 1301,
31 August2001,http://www.cuwireless.net/OSI/progress_report.htm
Alvin C. Valera, Winston K.G. Seah and S.V. Rao” CHAMP: A
Highly-Resilient and Energy-Efficient Routing Protocol for Mobile
Ad hoc Networks,” InProceedings of the 5th IEEE Conference on
Mobile  andWirelessCommunications ~ Networks ~ (MWCN
2002),Stockholm, Sept 9 - 11, 2002

Mesut Giines,” the ant-colony based routing algorithm for manets,”
Proceedings of the 2002 ICPP Workshop onAd Hoc Networks
(IWAHN 2002), pages 79-85,IEEEComputer Society Press, August
2002.

P. Krishna, N. H. Vaidya, M. Chatterjee, and D. K.Pradhan,” A
cluster-based approach for routing in dynamicnetworks.” ACM
SIGCOMM Computer Communication Review, 27:49-65, 1997.
Ching-Chuan Chiang, Hsiao-Kuang Wu, Winston Liu, and Mario
Gerla,” Routing in clustered multi hop, mobile wireless networks
with fading channel,” Proceedings of IEEE Singapore International
Conference on Networks (SICON’97), pages 197-211, April 1997
Mario Gerla and Jack Tzu-Chieh Tsai,” Multi cluster, mobile,
multimedia radio network,” ACM-Baltzer Journal of Wireless
Networks, 1(3):255-265,1995

.Tim Daniel Hollerung,” The Cluster-Based Routing Protocol,”
project group ‘Mobile Ad-Hoc Networks Based on Wireless LAN’
winter semester 2003/2004

Josh Broch, David A. Maltz, and David B. Johnson., “Supporting
Hierarchy and Heterogeneous Interfaces in Multi-Hop Wireless Ad
Hoc Networks,” InProceedings ofThe International Symposium on
Parallel Architectures,Algorithms and Networks (ISPAN’99),
Workshop onMobile Computing, Perth,Western Australia, June
1999.

David B. Johnson., “Scalable Support for Transparent Mobile Host
Internetworking.” Wireless Networks,1(3):311-321, October 1995.

424


http://www.cisco.com/univercd/cc/td/doc/cisintwk/ito_doc/routing.htm
http://www.cisco.com/univercd/cc/td/doc/cisintwk/ito_doc/routing.htm
http://citeseer.ist.psu.edu/garcialuna-%20aceves99sourcetree.html

IJECCE

[24]  J. B. Postel,” Transmission Control Protocol”. RFC 793, September
1981.

[25] IEEE Computer Society LAN MAN Standards Committee,”
Wireless LAN Medium Access Control(MAC) and Physical Layer
(PHY) Specifications,” IEEEStd 802.11-1997. The Institute of
Electrical and Electronics Engineers, New York, New York, 1997.

[26] John Jubin and Janet D. Tornow,” The DARPA Packet Radio
Network Protocols.” Proceedings of the IEEE, 75(1): 21-32,
January 1987.

[27]  http://moment.cs.ucsh.edu/AODV/aodv.html

[28]  http://www.cisco.com/univercd/cc/td/doc/cisintwk/ito_doc/routing.
htm

[29]  Ns-2 by example http://nile.wpi.edu/NS/

[30]  http://www.isi.edu/nsnam/vint/

AUTHOR’S PROFILE

B.V.Ram Naresh Yadav

is presently working as an Assistant professor in
Department of IT, A.P, India. His Research areas Include
Mobile Computing, Network security and Compiler Design.
The Present paper was the project work of final Year
B.Tech., CSE Students under his Supervision.

Copyright © 2012 1JECCE, All right reserved

International Journal of Electronics Communication and Computer Engineering

Volume 3, Issue 3, ISSN 2249 —071X

425


http://moment.cs.ucsb.edu/AODV/aodv.html
http://www.cisco.com/univercd/cc/td/doc/cisintwk/ito_doc/routing.htm
http://www.cisco.com/univercd/cc/td/doc/cisintwk/ito_doc/routing.htm

