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Abstract: Mobile Ad-hoc Networks (MANETs) are infrastructure-less networks comprising of nodes that are
mobile and do not have fixed interconnections. These distinctive features render conventional routing
algorithms unsuitable for these networks and designing special routing protocols for MANETs is an important
area for ongoing research. Routing protocols that have been proposed till now can be categorized into three
types, reactive, proactive and hybrid. This paper explicates and compares three significant routing protocols
for MANETs, one from each category. We analyze these protocols in terms of end to end delay through
simulations performed in Network Simulator (ns2) for varying network conditions like network load, mobility
and network size. Our results show that none of the proposed protocols clearly outperforms others under all
conditions. Although AODV and DSDV perform better when network congestion is less and TORA performs
better for congested networks, there is a need to design a routing protocol that maintains its performance under
all network and mobility conditions.
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INTRODUCTION towards developing efficient routing protocols. Important

Mobile Ad-hoc Networks or MANETs are the broadly classified into three types namely proactive,
networks comprising of arbitrarily connected end nodes reactive and hybrid. Each protocol has its certain
that wirelessly communicate and can be mobile. These advantage as well as some drawbacks or shortcomings
networks are termed ad-hoc since there is no established and is suitable for specific network conditions. Although
network infrastructure and no centralized administration. a number of significant protocols have been suggested in
These networks have emerged recently and have gained this direction, there is a need to evaluate and contrast
considerable attention due to their applications in setting these protocols in order to direct future research efforts.
up networks when needed. These networks have diverse In this work, we take up this task and evaluate the three
applications like battlefield and disaster management, types of MANET routing protocols by selecting one
transportation systems, public safety, wildlife monitoring, protocol from each category. We select Destination
vehicular networks, habitat and environmental monitoring, Sequenced Distance Vector (DSDV), Ad hoc On
health monitoring etc [1]. In an ad-hoc network, laptop Demand Distance Vector (AODV) and Temporally
computers and palmtops communicating directly with Ordered Routing Algorithm (TORA) routing protocols
each other can be referred as nodes. If a node leaves the and evaluate their performance in terms of average
network, it does not break connectivity and new routes end-to-end delay.
can be found easily. These mobile nodes act both as The remainder of the paper is organized as follows.
hosts and as routers for forwarding packets on behalf of Section 2 discusses important related work. Section 3
each other hence there is a need for a routing protocol for gives a brief overview of various routing protocols that
the routing decisions [2]. have been developed especially for MANETs and

Due to high degree of node mobility, network highlights the basic design of the three protocols that we
topology frequently changes which makes routing in have taken up in this work. Section 4 presents the network
MANETs a challenging task. Conventional routing model and simulation environment. We present simulation
algorithms are not suitable for these networks therefore results in section 5 and discuss important findings and
lately considerable research efforts have been directed observations. Finally section 6 concludes the paper.

routing algorithms that have been proposed can be
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Related Work: Most of the research literature involves better when the node density was high and pause time
comparing AODV, DSR and DSDV [3-7]. Very little work was low. No results for TORA have been shown in this
exists in literature that discusses TORA. P. Manickam work as there are bugs in ns-2 implementation of TORA.
et al. [3], N. Surayati et al. [4] and U. K. Acharjee et al. [5] In [12] K. K. Sharma et al. present an analytical model for
provided a realistic and quantitative performance analysis average end-to-end delay that takes into account the
of DSDV, DSR and AODV routing protocols using ns-2. packet arrival process, backoff and collision avoidance
The comparison was made on basis of delivery ratio, mechanisms of random access MAC between a pair of
overhead and average hop count by varying mobility. source and destination and compare the end-to-end delay
Boomarani et al. [6] studied and compared performance of experienced by a QoS AODV protocol.
AODV with some other routing protocols like STAR, In [13] the authors present a novel on-demand
DYMO etc. Yinfei Pan [7] compared AODV and DSR for routing protocol for MANETs which is based on best
sensor networks. N. Vetrivelan et al. [8] compared three route selection with learning automata and compare it with
prominent routing protocols AODV, DSDV and TORA on AODV and DSDV. In [14] I. A. Khan et al. propose a
basis of average delay, packet delivery fraction, routing solution for the “broadcast storm problem” in MANETs
load and varying MANET size. The simulation tool used routing protocols due to flooding. They calculate the
was ns-2. The performance is analyzed using variable re-broadcast probability (based on cover angles) by a
network size and simulation times. This work concluded node with respect to its neighbors. As future work they
that AODV performs well in terms of average delay and plan to evaluate the performance of their scheme on
packet delivery fraction and TORA performs better when AODV and DSR algorithms. A. Shafigh et al. [15] state
routing load is concerned. that multicasting in MANETs is less efficient as compared

E.M. Royer et al. [9] examined eight different routing to unicasting due to forwarding structure and network
protocols and evaluated those on a given set of resource consumption. They establish a small, high
parameters. T. Santhamurthy [10] presented a comparative quality and efficient forwarding group by augmenting the
study and performance analysis of three mobile ad hoc join query packets with additional information such as
protocols OLSR, AODV and TORA on the basis of end to speed, power level of node and link bandwidths thus
end delay, packet delivery ratio, media access delay, path reducing the overheads in multicasting.
optimality and routing overhead. It was concluded that
TORA is better for dense networks and AODV is better Manet Routine Protocols: MANET routing protocols are
for moderately dense networks. A. Patil et al. [11] classified into three different types depending upon the
compared the convergence times of three algorithms management of packet delivery from source to destination
(AODV, DSDV and TORA) from each category (reactive, [3]. The classification of these protocols is shown in
proactive and hybrid). The performance was compared by Figure 1. The Proactive Routing Protocols (also called
simulating them in ns-2. Tcl was used for simulation Table driven protocols) are consistent where each node
whereas Perl language was used to extract data from keeps up to date information about all other nodes.
simulation output and calculate convergence time. Some important proactive protocols are DSDV, OLSR etc.
According to the extensive simulations conducted in this Reactive Routing Protocols are also termed as on-demand
paper, AODV outperformed DSDV when node density routing protocols or source initiated protocols. In these
was low and pause time was high while DSDV performed protocols the information about routes is stored only

Fig. 1: Classification of Ad-hoc Routing Protocols
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when required. Examples are DSR and AODV. Hybrid only to a small set of nodes where topological change has
Protocols combine the characteristics of both reactive and occurred. Nodes maintain routing information of
proactive protocols and hence routes are found more neighboring nodes only. The three main functionalities
quickly. Some important protocols in this category are provided by TORA are route creation, maintenance and
TORA and ZRP. route removal.

Proactive protocols require more network resources
as compared to reactive routing protocols. The reason is Simulation Setup: We use Network Simulator (ns2) [17]
these protocols maintain information of all the nodes in for performance analysis of routing protocols using
the network. Whereas reactive routing protocols initiate Core2duo processor at a speed of 3.33GHz and 3GB RAM
route discovery only when needed and only the current running Windows XP. Although ns2 is a Linux based
state of routing table is maintained. Reactive routing simulation tool but it can run on Windows using Cygwin
protocols react to topology changes quickly and also that provides Linux-like environment under Windows [21].
save routing overheads as compared to proactive routing The simulator allows us to simulate various network
protocols [16]. topologies, links, network traffic pattern and protocols

In this section we explain the basic design of three [22]. The output in simulator is in the form of a trace file or
protocols that we take up later for performance evaluation NAM file. The trace file is then processed for generating
namely DSDV, AODV and TORA. output graphs. NAM is a visualization tool that shows

DSDV: Destination Sequenced Distance Vector or DSDV Figure 2 shows the network model used for
is a type of proactive routing protocol which is based on our simulations which shows different types of
the Bellman Ford distance vector algorithm used in wired nodes that form the mobile ad-hoc network and
networks [17]. DSDV protocol was developed by C. communicate wirelessly. Important network
Perkins and P. Bhagwat in 1994 [18]. In this protocol, parameters include channel type, radio propagation
every node keeps the record of every other node in a model, antenna type, link layer type, interface queue
routing table. This information includes hop counts and type, maximum number of packets in interface queue,
next hop’s address. In order to eliminate looping, network interface type, Medium Access Control (MAC)
DSDV uses sequence number to indicate route update. protocol, routing protocol, number of mobile nodes,
This sequence number is sent to all nodes and is stored simulation area size, simulation time, node speed and
in next-hop table entry of these nodes. If current mobility model.
sequence number is larger than the recorded one, the Our simulations evaluate performance of ad-hoc
node updates its route to the destination. Broadcasting routing protocols in terms of average end-to-end delay.
sequence numbers to all nodes increases network load. In mobile ad-hoc networks, end to end delay is the time
This load increases if nodes are moving with high speed experienced by a packet which is measured as the time
[19]. between the generation of packet by the source node

AODV: Ad hoc On Demand Distance Vector or AODV is The acknowledgement indicates successful reception of
a type of reactive routing protocol. In this protocol, one packet by destination node. End to end delay of a packet
entry is stored for each destination in the routing table of is the sum of buffering delay of data packets, queuing
nodes. Each packet of AODV carries the destination delay at the routers, retransmission delays at the MAC
address and a sequence number. There is no real and propagation and transfer time [8]. Average end to end
time maintenance of topology information in AODV. delay is calculated as follows [18]:
The changes are made only when the packet is not
received by the destination node. This saves bandwidth.
But there are few drawbacks of AODV, most importantly (1)
“it requires symmetric link to satisfy the needs of
bidirectional transmission” [19]. Simulation Results: This section presents our

TORA: TORA is a type of hybrid protocol and it stands of DSDV, AODV and TORA in terms of average end to
for Temporally Ordered Routing Algorithm. It is an end delay we carried out simulations for different
adaptive protocol and uses concept of link reversal. It was scenarios. Parameters common for all simulations are
designed for highly mobile network. Messages are shared given in Table 1.

propagation of packets.

and the reception of an acknowledgment packet.

simulations results. In order to compare the performance
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Fig. 2: Network Model

Table 1: Common Simulation Parameters
Traffic CBR
CBR Packet Size 512
Simulation Area Size 500x500
Mobility Model Random
Transmission Rate 4p/s
Max speed of a Node 20 m/s

Table 2: Simulation Parameters
Simulation Time 10-100 sec
Number of Nodes 10, 50, 75
Mobility Model Random
Maximum Connections 5

Delay vs. Simulation Time: We vary the simulation time
and calculate end to end delay. We run these simulations
for AODV, DSDV and TORA individually, incrementing
the number of nodes from 10 to 50 and then 75.
The simulation time is 10, 20, 30, 40, 50 and 100 seconds.
In addition to simulation parameters given in Table 1,
Table 2 shows scenario parameters applicable to this
simulation.

Figure 3 shows the plot for average end-to-end delay
versus simulation time when number of nodes is 10.
The results show that DSDV performs better when
nodal density is low. For short simulation time,
AODV has higher end to end delay as compared to
TORA, but as simulation time increases AODV starts to
perform better.

Fig. 3: Delay vs. Simulation Time for 10 nodes

Fig. 4: Delay vs. Simulation time for 50 nodes

Figure 4 shows that DSDV performs better for large
number of nodes, however AODV performance is
degraded as compared to TORA. As we increase nodal
density, TORA performs better and better. It can be seen
Figure 5 that for large number of nodes in a network
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Table 3: Simulation Parameters
Simulation Time (sec) 200
Pause Time (sec) 0,10,40,60,80,100,200
Number of Nodes 10, 50
Mobility Model Random

Fig. 5: Delay vs. Simulation time for 75 nodes

Fig. 6: Delay vs. Pause Time for 10 nodes

Fig. 7: Delay vs. Pause Time for 50 nodes

AODV performance is better initially for lesser simulation
time but as simulation time exceeds 60 seconds, average
delay between nodes shoots up. If we keep DSDV as a
standard, then all graphs plotted in this simulation clearly
show that as nodal density increases, TORA curve gets
closer to DSDV which means that TORA offers lesser
delays.

Delay vs. Mobility (Pause Time): This section presents
results for simulation of average end-to-end delay when
pause time is varied. Pause time 0 reflects high mobility.
Mobility of nodes is random. At the start each mobile
node is stationary for a few seconds which is equal to the

pause time. The node then selects an arbitrary destination
from the defined topology area and moves towards
destination at a random speed. The random speed is
distributed uniformly between 0 and 20 m/s. Number of
nodes is varied from 10 to 50. Table 3 shows scenario
parameters applicable to this simulation.

It can be seen from plot in Figure 6 that TORA has
poor performance as compared to AODV and DSDV when
number of nodes is less. In this situation AODV and
DSDV have almost same performance. Beyond a certain
pause time (200 seconds) which reflects no mobility, delay
drops to almost negligible. We deduce that for both high
mobility and low mobility, TORA gives lesser average
delay, the delay gradually increases as pause time is
increased and drops to almost 0 seconds at pause time
equal to 200 seconds. Figure 7 shows that when number
of nodes in network is large, TORA performance becomes
better and closer to AODV and DSDV. From pause time 50
and onwards, TORA performs better than AODV and
DSDV. Overall AODV gives poor performance when
network nodes are mobile.

CONCLUSION

Routing in mobile ad hoc networks is an important
and challenging research area due to infrastructure-less
architecture of these networks, wireless links and mobility
of end nodes. In this paper we take up the problem of
comparing the performance of significant routing
protocols from each of the three categories of reactive,
proactive and hybrid routing algorithms. The metric of
comparison is end to end delay for varying network
conditions. We conclude that AODV and DSDV give
better performance in terms of average end to end delay
when network is less congested while TORA performs
poorly while TORA gives better performance when
network is congested. In terms of simulation time and
average delay DSDV performs best. While comparing
these protocols in terms of mobility, we conclude that
DSDV again out performs in high network mobility while
TORA gives better performance when mobility is low. In
future we plan to design a suitable routing protocol for
MANETs that gives stable performance under variable
network conditions.
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