
Abstract
An ad-hoc network is a self-supporting collection of mobile 
nodes that happen to exist within a close proximity in an interval 
of time. The adhoc networks use a set of rules for transforming 
the data from one wireless station to another wireless station 
which we call as routing protocols. In recent years, many routing 
protocols have been developed, but the information about the 
evaluation of    performance of these routing protocols is not 
fully understandable. In our paper we are going to propose a 
benchmark which will take atmost constraints i.e. (Network 
Size, Network connectivity, Link Capacity, Link type, Offered 
Load, Mobility, sleeping Nodes, Fading Models, Traffic Pattern, 
Topology change )  into consideration for evaluating the 
performance of routing protocols in an efficient and broader 
sense. In this paper, we are going to calculate the performance 
of AODV, DSR, TORA routing protocols under our proposed 
benchmark using the network Simulator Ns-2.
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I. Introduction 
Wireless networks emerged in the 1970's, since then they have 
become increasingly popular. The reason of their popularity 
is that they provide access to information regardless of the 
geographical location of the user. Ad-hoc networks are a new 
paradigm of wireless communication for mobile hosts. No 
fixed infrastructure such as base stations as mobile switching 
.Nodes within each other radio range communicate directly via 
wireless links while those which are far apart, rely on other 
nodes to relay messages. In adhoc networks, node mobility 
causes frequent changes in topology. Also there are some 
parameters i.e. (absence of centralized control, each node 
has wireless interface, nodes can move around freely which 
results in frequent changes in network topology, nodes have 
limited amount of resources and lack of symmetrical links i.e. 
transmission does not usually perform equally well in both 
directions) which make them dynamic in nature. The challenging 
part in the adhoc network design is the development of dynamic 
routing protocols that can efficiently find better route between 
two communication nodes. The nodes must be able to cope 
up with mobility that often changes the network topology 
drastically and unpredictably.
 
The main aim of the papers is :
1. To understand the detailed working of reactive routing 

protocols.
2. To check the performance under our assumed 

benchmark.

Some examples of the possible uses of ad hoc networking 
include students using laptop computers to participate in an 
interactive lecture, business associates sharing information 
during a meeting, soldiers relaying information for situational 
awareness on the battlefield [1, 2], and emergency disaster 

relief personnel coordinating efforts after a hurricane or 
earthquake.

II. Desirable Properties Of Ad-Hoc Routing Protocols
The properties that are desirable in Ad-Hoc Routing protocols 
are :

A. Distributed operation
The protocol should be distributed. It should not be dependent 
on a centralized controlling node. This is the case even for 
stationary networks. The difference is that the nodes in an 
ad-hoc network can enter or leave the network very easily and 
because of mobility the network can be partitioned.

B. Loop Free
loops are formed in the network when some packets remain in 
the network for some time without reaching their destination. A 
good routing protocol should ensure that it is loop free because 
loops waste a lot of bandwidth and packets in loops in any 
never reach their destination. 

C. Route Failure and recovery
Some mechanism should be defined to discover route failures 
and propagate that information in the network so that new 
configuration should converge fast to a stable state.

D. Bandwidth efficient
In these networks as each node has a limited amount of energy 
and bandwidth so the protocol should aim to generate minimum 
possible traffic. This can be done by reducing the number of 
periodic updates.

E. Demand based operation
To minimize the control overhead in the network and thus not 
waste the network resources the protocol should be reactive. 
This means that the protocol should react only when needed 
and that the protocol should not periodically broadcast control 
information.

F. Unidirectional link support
The radio environment can cause the formation of unidirectional 
links. Utilization of these links and not only the bi-directional 
links improves the routing protocol performance.

G. Security
The radio environment is especially vulnerable to impersonation 
attacks so to ensure the wanted behavior of the routing protocol 
we need some sort of security measures. Authentication 
and encryption is the way to go and problem here lies 
within distributing the keys among the nodes in the ad-hoc 
network. 

H. Power conservation
The nodes in the ad-hoc network can be laptops and thin clients 
such as PDA’s that are limited in battery power and therefore 
uses some standby mode to save the power. It is therefore 
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very important that the routing protocol has support for these 
sleep nodes. 

I. Multiple routes
To reduce the number of reactions to topological changes and 
congestion multiple routes can be used. If one route becomes 
invalid, it is possible that another stored route could still be 
valid and thus saving the routing protocol from initiating another 
route discovery procedure.

J. Loud Balancing
The protocol should not overload one node and should be 
designed to keep the load even on all nodes. This will also help 
in avoiding the occurrence congestion near certain nodes.

K. Scalability
The performance of the protocol should not be affected 
by increasing or decreasing the number of nodes in the 
network.

L. Sleep function
As nodes in an ad hoc wireless network are energy constrained 
therefore some nodes may decide to go to sleep (inactive mode) 
for some random period of time. The protocol should be able 
to handle such nodes without causing any effect on the rest 
of the network.

M. Quality of Service Support
Some sort of Quality of service is necessary to incorporate into 
the routing protocol. This helps to find what these networks will 
be used for. It could be for instance real time traffic support. 
It should be noted that none of the proposed protocols have 
all these properties, but it is necessary to remember that 
the protocols are still under development and are probably 
extended with more functionality. [3]

III. Benchmarking Matrices
The Benchmarking for the performance analysis of routing 
protocols for wireless adhoc networks can be obtained by 
varying the below parameters.

A. Network Size
The Network size is the size of area on which the network is 
spread off. It may be in meters or kilometres. 

B. Network Connectivity
Network Connectivity is defined as the average degree of a 
node (i.e. the average number of neighbours of a node)

C. Link Capacity
Link Capacity is defined as effective link speed measured in 
bits/second, after accounting for losses due to multiple access, 
coding, framing, etc.

D. Type of Link
Type of link is defined as the pattern of link, i.e. weather it is 
Unidirectional or bi directional type of link.

E. Offered Load
The network offered load is defined as the ratio between the 
total network traffic load and the network  capacity.

F. Mobility
Mobility is defined as the when and under what circumstances, 

is temporal and spatial topological correlation relevant to the 
performance of routing protocols?

G. Fraction of sleep nodes
As a result of energy conservation, or some other need to 
be inactive, nodes of a MANET may stop transmitting and/
or receiving (even receiving requires power) for arbitrary time 
periods.  A routing protocol should be able to accommodate 
such sleep periods without overly adverse.

H. Fading models
Fading is deviation of the attenuation that a carrier-modulated 
telecommunication signal experiences over certain propagation 
media. The fading may vary with time, geographical position 
and/or radio frequency, and is often modeled as a random 
process.

I. Traffic Pattern
Traffic Pattern is defined as how much effective is a protocol 
in adapting to non-uniform or burst traffic patterns.  

J. Topology
Network topology is the layout pattern of interconnections of 
the various elements (links, nodes, etc.) of a computer network. 
Network topologies may be physical or logical. Physical topology 
means the physical design of a network including the devices, 
location and cable installation. Logical topology refers to how 
data is actually transferred in a network as opposed to its 
physical design.

IV. Routing Protocols
From our previous work [5]. We have categorized routing 
protocols in different categories as per their way of working 
and as per their environmental behavior. The categorization 
is as under.

Pro-active Based routing.• 
Re-active Based Routing.• 
Flow Oriented Based Routing.• 
Hybrid Based Routing.• 
Hierarchical Based Routing.• 
Geographical Based Routing.• 
Power Based Routing.• 
Topology Based Routing.• 
Destination Based Routing.• 
Dissemination -based Routing.• 
Context-based Routing.• 

In our paper we are going to check Reactive routing protocols 
under our assumed benchmark.

A. Reactive (On demand Routing Protocol)
On-demand (reactive) protocols will build the routes when 
required by the source node, in order for the network topology 
to be detected as needed (on-demand). When a node needs 
to send packets to several destinations but has no routes to 
the destination, it will start a route detection process within the 
network. When a route is recognized, it will be sustained by a 
route maintenance procedure until the destination becomes 
unreachable or till the route is not wanted anymore.

1.  Ad hoc On-demand Distance Vector Routing (AODV)
Ad-hoc On-demand distance vector (AODV) [6, 7] is another 
variant of classical distance vector routing algorithm, a 
confluence of both DSDV [8] and DSR [9]. It shares DSR’s on-
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demand characteristics hence discovers routes whenever it is 
needed via a similar route discovery process. However, AODV 
adopts traditional routing tables; one entry per destination 
which is in contrast to DSR that maintains multiple route 
cache entries for each destination. The initial design of 
AODV is undertaken after the experience with DSDV routing 
algorithm. Like DSDV, AODV provides loop free routes while 
repairing link breakages but unlike DSDV, it doesn’t require 
global periodic routing advertisements. AODV also has other 
significant features. Whenever a route is available from source 
to destination, it does not add any overhead to the packets. 
However, route discovery process is only initiated when 
routes are not used and/or they expired and consequently 
discarded. This strategy reduces the effects of stale routes 
as well as the need for route maintenance for unused routes. 
Another distinguishing feature of AODV is the ability to provide 
unicast, multicast and broadcast   communication. AODV uses 
a broadcast route discovery algorithm and then the unicast 
route reply massage.

Fig. 1

2.  Dynamic Source Routing (DSR)
The Dynamic Source Routing protocol (DSR) [11,12] is a 
simple and efficient routing protocol designed specifically 
for use in multi-hop wireless Ad- networks of mobile nodes. 
DSR allows the network to be completely self-organizing and 
self-configuring, without the need for any existing network 
infrastructure or administration. The protocol is composed of 
the two main mechanisms of “Route Discovery” and “Route 
Maintenance”, which work together to allow nodes to discover 
and maintain routes to arbitrary destinations in the ad hoc 
network. However, this protocol has a number of advantages 
over routing protocols such as AODV, LMR and TORA and in 
small to moderately size networks (perhaps up to a few hundred 
nodes), this protocol may perform better. An advantage of DSR 
is that nodes can store multiple routes in their route cache, 
which means that the source node can check its route cache 
for a valid route before initiating route discovery and if a valid 
route is found there is no need for route discovery. This is very 
beneficial in network with low mobility. Since the routes stored 
in the route cache will be valid longer. Another advantage of 
DSR is that it does not require any periodic beaconing (or hello 

message exchanges), therefore nodes can enter sleep node to 
conserve their power. This also saves a considerable amount 
of bandwidth in the network.

Fig. 2

3. Temporally-Ordered Routing Algorithm (TORA)
Temporally-Ordered Routing Algorithm (TORA) [10] is a 
distributed protocol designed to be highly adaptive so it can 
operate in a dynamic network. For a given destination, TORA 
uses a somewhat arbitrary “height” parameter to determine the 
direction of a link between any two nodes. As a consequence of 
this multiple routes are often present for a given destination, 
but none of them are necessarily the shortest route The TORA 
routing protocol is based on the LMR protocol. It uses similar 
link reversal and route repair procedure as in LMR and also 
the creation of a DAGs, which is similar to the query/reply 
process used in LMR. Therefore, it also has the same benefits 
as LMR. The advantage of TORA is that it has reduced the 
far-reaching control messages to a set of neighboring nodes, 
where the topology change has occurred. Another advantage 
of TORA is that it also supports multicasting; however this is 
not incorporated into its basic operation. TORA can be used 
in conjunction with Lightweight Adaptive Multicast Algorithm 
(LAM) to provide multicasting. The disadvantage of TORA is 
that the algorithm may also produce temporary invalid routes 
as in LMR.
The comparison based on some parameters of the above three 
routing protocols are given as under.

Table 1 :
Parameters AODV DSR TORA
Source 
Routing 

No Yes No

Topology Full Full Reduced
Broadcast Full Full Local
Update 
Information

Route 
Error

Route Error Node’s 
Height

Update 
Destination

Source Source Neighbour

Methods Unicast Unicast Broadcast
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Storage 
Complexity

O(E) O(E) O(Dd*A)

Abbreviations:
Dd - Number of maximum desired destination.
E – Communication Pairs.
A – Average Numbers of Adjacent nodes.

V. Performance Matrices
The evaluation of performance of routing protocols can be 
considered under the below matrices [4]:
►  End to End delay.
► Packet Ratio Delivery.
► Routing Overhead.

A. End to End Delay
The concept “end-to-end” is used as a relative comparison with 
“hop-by-hop”. Data transmission seldom occurs only between 
two adjacent nodes, but via a path which may include many 
intermediate nodes. End-to-end delay is the sum of delays 
experienced at each hop from the source to the destination. 
The delay at each intermediate node has two components: a 
fixed delay which includes the transmission at sender node and 
the propagation over the link to the next node, and a variable 
delay which includes the processing and queuing at sender 
node. The propagation delay is the delay in transmitting the 
data packet along a physical link.
E.E.Delay = 

B. Packet Delivery Fraction (PDF)
PDF also known as the ratio of the data packets delivered to the 
destinations to those generated by the CBR sources. The PDF 
shows how successful a protocol performs delivering packets 
from source to destination. The higher for the value give use the 
better results. This metric characterizes both the completeness 
and correctness of the routing protocol also reliability of routing 
protocol by giving its effectiveness

PktDelivery% = 

C. Routing Overhead
It is the total number of control or routing (RTR) packets 
generated by routing protocol during the simulation. All 
packets sent or forwarded at network layer is consider routing 
overhead.

Overhead = Number of RTR packets 

VI. Network Simulation
Network simulator Ns-2.9 allinone is discrete simulator 
used for research. Ns-2 allows researchers to study Internet 
protocols and large-scale systems in a controlled environment.  
Network simulator is used to analyze the effects of above 
mentioned benchmark on the performances of Reactive 
routing protocols[14].We use the Ns-2 for analyzing the reactive 
routing protocol .The simulation incorporated common values 
,with a setting of physical specification as indicated in table1.
Other network performance are varied in accordance to the 
benchmark purposed above.

VII. Simulation Matrices
The simulations of above mentioned three reactive routing 
protocols I.e. AODV, DSR, TORA are being carried out through 
Ns-2.3.1, under our assumed benchmark. The parameters are 

chosen in such a way, so that it fulfils the goal of our proposed 
benchmark. The Network size chosen is of 1000 m x 1000 m, 
with a transmission range of 270 m. The transmission speed 
for transmitting data is 11 Mbps. The Transmission power is 
fixed to 20 dbm with received    thrush hold as -90 dbm. The 
antenna type is Omni directional with height gain and antenna 
height as 1 and 1.5 m respectively.
 
In this simulation processes the traffic parameter used is CBR 
(Continuous bit rate), because TCP offers a confirm load to 
network. The data rate is fixed to 4 packets per second. The 
simulation is performed by changing the node’s mobility with 
respect to node’s pause time .The nodes move according to 
a random waypoint  model with velocity that allows a uniform 
distribution that form a minimum speed to maximum speed. 
The fading model used which are being used in simulation is 
Rician model .The other parameters which are being varied to 
acquire the results are mentioned in table below.

Table 2 :
Ns-2 Simulation Parameters
Network Simulator Ns-2.3.1
Examined Protocols AODV, DSR, TORA
Simulation Area 1000 m x1000m
Simulation Time 4 min
Transmission Range 260 m
Traffic Pattern CBR(UDP)
Bandwidth 11 Mbps
Transmission Power 20 dbm
Packet rate 4 packets /sec
Data Payload 512 bytes
Send Buffer 64 packets
Number of nodes 30 nodes
Mobility Model Random Way Point
Path loss Exponent 2
Antenna height 1.5 m
Antenna Gain 1
Antenna Type Omni Directional
System loss Coefficient 1
Transmission speed 11 Mbps
Receive Thrush Hold -90 dbm
Fading Model Ricien Model
Ricien Factor 6
Channel Type Channel/

WirelessChannel
Network interface model Phy/WirelessPhy
MAC Type Mac/802.11
Link Layer type LL

VIII. Results and discussion:
The discussion of the results achieved after simulation are 
as under

A.  Packet Ratio Delivery
The results show that as the speed of node’s speed gets 
increased, the packet delivery ratio decreases. The main 

 InternatIonal Journal of Computer SCIenCe and teChnology 31

I S S N  :  2 2 2 9 - 4 3 3 3 ( P r i n t )  |  I S S N  :  0 9 7 6 - 8 4 9 1 ( O n l i n e )

w w w . i j c s t . c o m

IJCSt Vol. 2, ISSue 1, marCh 2011



reason for packet drop in wireless adhoc is mobility, congestion 
and characteristics of wireless channel. While using the Rician 
model as fading model, its packet delivery ratio get decreased 
from that of packet ratio delivery of without fading models. DSR 
performs high than AODV and then TORA. The fading model 
declines the performance of network significantly. Fig.below 
shows the comparison between the routing protocols on the 
basis of pause time. From the results it is clear that packet ratio 
delivery decreases as the increase in mobility. DSR & AODV drops 
a considerable number of packets during the route discovery 
phase, as the route acquisition takes time proportional to the 
distance between the source and destination. The situation 
is similar to TORA, in this case AODV ahs slightly lower packet 
delivery ratio than DSR because of higher drop rate, and TORA’s 
performance is not very competitive with the other two routing 
protocols. Although the TORA  performs good when pause time 
is increased.

B.  End To End Delay
While calculating this parameter, the results shows that as the 
speed of node’s get increased, the end to end delay increases. 
The main reason for packet drop in wireless adhoc is mobility, 
congestion and characteristics of wireless channel. While using 
the Rician model as fading model, its End to end delay get 
increased as that of normal i.e. without using fading models. 
AODV shows higher delay than TORA and then DSR. I.e. DSR 
have least end to end delay. Fig.below shows the comparison 
between the routing protocols on the basis of pause time. From 
the below results AODV shows higher delay than TORA which 
in turn shows higher delay than DSR.

C.   Routing Overhead
While calculating this parameter, the results shows that as the 
speed of node’s get increased, the routing over head increases. 
The main reason for packet drop in wireless adhoc is mobility, 
congestion and characteristics of wireless channel. While using 
the Rician model as fading model, its routing overhead get 
increased as that of normal i.e. without using fading models. 
TORA shows higher routing overhead than DSR and then AODV. 
I.e. AODV have least routing overhead. Fig.below shows the 
comparison between the routing protocols on the basis of pause 
time. From the below results TORA shows higher delay than 
DSR which in turn shows higher delay than AODV.
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X. Conclusion
Adhoc network receives vary much attention in recent years. 
Mobile adhoc networks are wireless networks that use multihop 
routing instead of static network infrastructure to provide 
network connectivity. Researchers are designing new routing 
protocols, comparing and improving existing ones.
This work provides an attempt towards the performance 
evaluation of routing protocols under the assumed benchmark. 
The performance matrices we evaluate are packet ratio 
delivery, end to end delay and routing overhead. In our paper 
the simulations show that DSR have more packet delivery ratio 
than AODV which in turn shows more PDR than TORA. While as 
in end to end delay AODV shows higher delay than TORA and 

DSR. In routing overhead TORA shows higher routing overhead 
than DSR and AODV. Thus in average the performance of DSR 
is better than TORA and AODV.
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Note:
(N) -- stands for without fading
(F) -- stands for with fading.

   

Fig. 3 :  Packet Ratio Delivery Vs Speed and Pause time

     

Fig.4:  Packet Ratio Delivery Vs Speed and Pause time

  

Fig. 5:  Packet Ratio Delivery Vs Speed and Pause time
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Fig. 6 : End To End delay Vs Speed and Pause Time

      

Fig. 7: End To End delay Vs Speed and Pause Time

         

Fig. 8: End To End delay Vs Speed and Pause Time

      

Fig. 9: Routing Overhead Vs Speed and Pause Time
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Fig. 10: Routing Overhead Vs Speed and Pause Time

     

Fig.11: Routing Overhead Vs Speed and Pause Time
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