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Abstract: Problem statement: In this study, an attempt had been made to contparperformance

of the reactive ad-hoc routing protocols using OFPNBodeler with respect to increasing number of
nodes in the networkApproach: In present study, we compared various reactiveinrgyrotocols
such as Ad hoc On-demand Distance Vector (AODV)nddyic Source Routing (DSR) and
Temporally Ordered Routing Algorithm (TORA), on thmasis of their throughput by increasing
number of nodes in the networResults: Comparative study of routing protocols on the ai
throughput of a network on the basis of number otréasing nodes in the network.
Conclusion/Recommendations. Three routing protocols are being studied on tkeid of the
throughput of the network with respect to the nurdféncreasing nodes in the network and had been
concluded that TORA performs better for if the nembf nodes in a network are increased.
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INTRODUCTION traffic. MANETS are a kind of wireless ad-hoc netiwo
As the network topology is dynamic a routing pratioc
A Mobile Ad-hoc Network (MANET) is a multi is needed to support the proper functionality of th
hop wireless network formed by a group of mobilenetwork. Some of the prominent and promising among
nodes that have wireless capabilities. MANET is athem are Ad hoc On-demand and Distance Vector
collection of wireless nodes that dynamically ceeat (AODV), Dynamic Source Routing (DSR), TORA and
wireless network among them without any Destination-Sequenced Distance Vector (DSDV). This
infrastructure (Sheltami and Mouftah, 2003). Ad-limc study provides a comparative study through simuati
a communication mode that allows computers toof three routing protocols (DSR, AODV, TORA) for
directly communication with each other without a mobile ad-hoc networks using OPNET modeler. The
router. In Latin, ad-hoc means “for this” meanirfgr* main objective of this study is to create a chajo@e
this special purpose”. In ad hoc networks, nodesato of routing protocol for a given network scenariased
start out familiar with the topology of their netsks; on the relative performance of the protocol under
instead, they have to discover it. The basic idaghat a  different scenarios. The study briefly describes th
new node may announce its presence and should listeouting protocols; the simulation tool used forsthi
for announcements broadcast by its neighbors. Eaclork, simulation environment, brief discussion on
node learns about nodes nearby and how to reaah thesimulation mode, results and concluding remarks.
and may announce that it, too, can reach them. ded-h
network can be sub-divided into two classes. IrtiSta Ad-hoc routing protocols: As the topology of Ad-hoc
ad-hoc network the positions of a node may not ghan networks is dynamic, the need of various routing
once it has become part of the network. Ex-Rooftogprotocols is developed. Main features of the three
networks. And in Mobile ad-hoc network is Sometimesprotocols AODV, DSR, TORA are discussed here and
called a Mobile Mesh N/W, IS a self configuring N/W they are studied using OPNET simulator (Jizhal.,
of mobile devices connected by wireless links. EachHl999).
device in a MANET is free to move independently in An ad hoc routing protocol is a convention, or
any direction. The primary challenge in building astandard, that controls how nodes decide which teay
MANET is equipping each device to continuously route packets between computing devices in a mobile
maintain the information required to properly routead-hoc network.
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On demand/reactive routing protocol: On-demand Multicast scheme. The Count-To-Infinity and loop
routing protocols were designed to reduce theproblem is solved with sequence numbers and the
overheads in proactive protocols by maintainingregistration of the costs. In AODV every hop has th
information for active routes only. This means thatconstant cost of one. The routes age very quickly i
routes are determined and maintained for nodes thatrder to accommodate the movement of the mobile
require sending data to a particular destinatioout® nodes. Link breakages can locally be repaired very
discovery usually occurs by flooding a route requesefficiently. AODV is a modification of the DSDV
packets through the network. When a node with &erou algorithm. When a source node desires to establish
to the destination (or the destination itself)éached a communication session, it initiates a path discpver
route reply is sent back to the source node usimg | process to locate the other node. The main advamtfg
reversal if the route request has traveled througihODV protocol is that routes are established on
bidirectional links or by piggy-backing the route & demand and destination sequence numbers are used to
route reply packet via flooding. Reactive protoccds  find the latest route to the destination. The catina

be classified into two categories: source routimgl a setup delay is less. The HELLO messages supporting
hop-by-hop routing. In source routed on-demandhe routes maintenance are range-limited, so thayod
protocols, each data packets carry the completecsou cause unnecessary overhead in the network.

to destination address. Therefore, each intermediat

node forwards these packets according to thé&ynamic Source Routing (DSR): The Dynamic
information kept in the header of each packet. ThisSource Routing protocol (DSR) (Johnsetnal., 1999)
means that the intermediate nodes do not need is a simple and efficient routing protocol designed
maintain up-to-date routing information for eachivee  specifically for use in multi-hop wireless Ad- netiks
route in order to forward the packet towards theof mobile nodes. DSR allows the network to be
destination. Furthermore, nodes do not need totainin completely — self-organizing and  self-configuring,
neighbor connectivity through periodic beaconingWitth'[_'fhet nf_ed f(')l'rhany eidStiTg network inéra?;[;‘tle
messages. The major drawback with source routin§' administration. fne protocol Is composed or e
protocols is that in large networks they do notigren ~ Main mechanisms of “Route Discovery” and “Route
well. This is due to two main reasons; firstly &e t Maintenance”, which work together to allow nodes to
number of intermediate nodes in each route groes) t discover and maintain routes to arbitrary destametiin
so does the probability of route failure. The adage of the ad hoc network. However, this protocol has a
this strategy is that routes are adaptable to th@umber of advantages over routing protocols such as
dynamically changing environment of MANETS, since AODV, LMR and TORA and in small to moderately
each node can update its routing table when tregiver 5126 networks (perhaps up to a few hundred nottes), -
fresher topology information and hence forwarddaega ~ Protocol may perform better. An advantage of DSR is
packets over fresher and better routes. Under thigha.t nodes can store multiple routes in their f“”"“'fhe’
category Dynamic Source Routing (DSR) protocolWhlch means t_hat the source _n(_)_de_ can check_ it® rout
requires each packet to carry the full addressryevep cagh_? for an\j/alld roqtefbef(()jrehlmtm_tmg routegdrr;;e;ry

in the route), from source to the destination. Ad n- and it a valid route Is found there Is no nee te
demand Distance Vector (AODV) routing protocol is d|SC(_)\_/ery. .Thls is very beneficial m_network withw
based on DSDV and DSR algorithm. It uses the pieriod m.0b|l|ty. S_mce they routes stored in the routeh&ac

b X q beri ' d ¢ DSD! ill be valid longer. Another advantage of DSRhat
€aconing and sequence numbering procedure o it does not require any periodic beaconing (or chell
and a similar route dlsqovery pr.ocedure as in DSRmessage exchanges), therefore nodes can enter sleep
Temporally Ordered Routing Algorithm (TORA) routing ho4e o conserve their power. This also saves a
protocol is based on the LMR protocol. It uses Bimi .,nsjgerable amount of bandwidth in the network.

link reversal and route repair procedure as in L

algo the creation of a DAGs: these routing promeok Temporally Ordered Routing Algorithm (TORA):
briefly described below. Temporally-Ordered Routing Algorithm (TORA) (Park

_ and Corson, 1997a; 1997b) is a distributed protocol

Ad-hoc On Demand Distance Vector (AODV):  designed to be highly adaptive so it can operata in
AODV (Perkinset al., 2003; Chaudhrgt al., 2005) is  dynamic network. For a given destination, TORA uses
an reactive (On-demand routing protocol) with smalla somewhat arbitrary “height” parameter to deteemin
delay. Since it is an “On-demand” routing protodbe  the direction of a link between any two nodes. As a
rotes are established only when needed to redaffetr  consequence of this multiple routes are often ptefee
load. AODV supports the Unicast, Broadcast anda given destination, but none of them are necégshe
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shortest route The TORA routing protocol is basaed o Figure 1 depicts a network with 20 mobile nodes
the LMR protocol. It uses similar link reversal and whose behavior has to be analyzed when nodes move i
route repair procedure as in LMR and also the imeat the network with respect to time to determine the
of a DAGs, which is similar to the query/reply pess  effecting features of each protocol. In order taleate
used in LMR. Therefore, it also has the same bena§ the performance of a generic scenario in ad-hoc
LMR. The advantage of TORA is that it has reducednetworking, ~when analyzing mobile networks,
the far-reaching control messages to a set ofodeling the movement of the set of nodes forming a
neighboring nodes, where the topology change haMANET is essential. Random waypoint model
occurred. Another advantage of TORA is that it also(Johnson and Maltz, 1996) of mobility has been
supports multicasting; however this is not incogied ~ Studied. The Random Waypoint model has been
into its basic operation. TORA can be used inSelected to be. used in all S|mulat|pns presentetthig
conjunction with Lightweight Adaptive Multicast document. Using Random Waypoint model, nodes go

Algorith LAM) t id lticasting. The Moving until they arrive at a random destination
ngorthm ( ) to provide multicasting € alculated by the algorithm. Once there, they @ét s

for a period of time, called the pause interval.c®n
passed the pause interval, anew movement is ctddula
Simulation environment: All scenarios have been by the algorithm, with a random direction and speed
modeled and evaluated using OPNET (OPNE
Technologies, 2005; Caviet al., 2002; Campet al.,
2002). Figure 1 shows a sample network created wit
20 nodes, one static FTP server, applicationTraffic modeling: Our simulation environment consist
configuration for the network in which File Transfe of 20 wireless nodes forming an ad-hoc network,
Protocol (FTP) has been chosen as an applicatiomoving in the proximity over about 10x10 km flat
Profile configuration for the network and mobility space for about 1 h of simulated time.

configuration for the nodes which would be deciding

produce temporary invalid routes as in LMR.

TSi mulation model: Main characteristics of the
I§cenarios maintained are depicted in the Table 1.

the mobility pattern of the nodes in the network. Performance matrices: The parameters on basis of
which the protocols are evaluated are the default
i.—]Proiect: ragpy¥ Scenario: tora20 [Subnet: top.Campus Network] parameter Of the prOtOCOIS There are number Onclmet
Filz . Edit Wiew Scenarios Topology Traffic  Services. Protocols MetDoctor  Flow on the baS|S Of Wh|Ch one can Compare between these
NESEHA S REe oo s®m g maAlNE three protocols. We used throughput for our sinmutat
> = 2z = = ¢ o SR design and analysis purpose.

Throughput (bps): Represents the total number of bits

mabile_pode 13
1.25 = T

E E forwarded to higher layers per second.
e i MATERIALSAND METHODS

Al ottt Conflg |
Frobile. node 14 bl S o
g Sy
a7 i‘ g ?’))‘mbﬂe_m_n OPNET modeler: OPNET Modeler is commercial
network simulation environment for network modeling

=
gﬁf nodar0 i) Bl

R gl g e and simulation. It allows the users to design andys

Imemiesss> communication networks, devices, protocols and

applications with flexibility and scalability. liraulates

mabile_node. &

=
D g m‘mubne_m_la the network graphically and its graphical editorisron
“é‘- ) 3 = the structure of actual netV\_/orks and network
ﬁ)g 5 Q g i) components. The users can design the network model
e g _ visually. The modeler uses object-oriented modeling
mebliznede L approach. The nodes and protocols are modeled as

mabile node 8 mobile_node 4

classes with inheritance and specialization. The
development language is C. It provides a variety of
P : toolbox to design, simulate and analyze a network
Fig. 1: MANET scenario topology. We use MANET Toolbox to simulate our
hypothetical Ad hoc network. We  used

2.0

Table 1: Main characteristic of scenario

MANET_Station, RX Group and  Mobility

Statistic Value h L . . .
Scenario size Toxokm  configuration in our S|mqlat|on m(_)del. MANET_statio
Simulation time 1h can be used to set routing algorithm, traffic gatien
Nodes 5, 10, 20 parameter. Moreover, we can also set parameters
802.11 data rate 11 mbps specific to routing algorithm.
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Fig. 2: Simulation time Vs throughput (nodes = 5)

m Rgpv-aodv10-DES-1

W Rgpv-dsrl10-DES-1

B Rgpv-toral 0-DES-1 g
__ Time_average (in wireless LAN. Throughput (bits sec™ "))
ALL

0h (m)

Fig. 3: Simulation time Vs throughput (hodes = 10)
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Fig. 4: Simulation time Vs throughput (nodes = 20)

RESULTSAND DISCUSSION

Figure 2-4 depicts the throughput of a network
with respect to total simulation time when the nemb
of nodes in the network is 5, 10 and 20 respegtivel

As seen in Fig. 2-4 the throughput of AODV
increases sharply up to a certain level and deeseas
abruptly for some time and then increases again.
Initially it takes a bit of time to discover theute and
then start sending the packets. Since it does ae¢ h
multiple entries in its routing table, AODV has do
the route discovery again and again at regularvate
As we increase the number of nodes the throughput o
AODV also increases. In case of DSR, initiallyakes
much time as it has to make multiple entries otesu
gathered after route discovery in its routing tail&er
route discovery its throughput increases uniforimly
less then AODV and TORA. Whereas in case of
TORA, the throughput increases continuously. TORA
makes a Direct Allocation Graph (DAG) of all the
nodes then start sending packets. TORA does not
engage in the route discovery again and again as it
already have a DAG of all the nodes in the network.
The throughput of TORA increases with increase in
number of nodes.

CONCLUSION

We have analyzed the performance of three
reactive routing protocols for ad-hoc networks be t
above mentioned matrices and concluded that
performance of TORA is better for dense networkse T
AODV is better for moderately dense networks where
as the DSR performs well in sparse networks.
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