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Abstract
Routing protocols for a Mobile Ad-Hoc Network (MANET) have 
been of great interest for many years, several studies have been done 
on the performance evaluation of routing protocols using different 
evaluation methods. This research makes an attempt to eventually 
help better understand the protocols’. In this paper, behavioral 
study of different MANET routing protocols viz. Optimized Link 
State Routing (OLSR), Dynamic Source Routing (DSR), Ad-Hoc 
On-demand Distance Vector (AODV), have been carried out so 
as to identify which protocol is most suitable for efficient routing 
over Mobile Ad-Hoc Network (MANET). The performance of 
these routing protocols is evaluated with respect to throughput and 
end-to-end delay. As the simulation results demonstrate, OLSR 
protocol has been a very effective and efficient routing protocol 
for MANET, which ensures its particular suitability, irrespective 
of network size and mobility.
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I. Introduction
A Mobile Ad-Hoc Network (MANET) is a set of wireless 
mobile nodes forming a dynamic autonomous network. Nodes 
communicate with each other without the intervention of centralized 
access points or base stations. In such a network, each node acts 
both as a router and as a host. Due to the limited transmission 
range of wireless network interfaces, multiple hops are needed 
to exchange data between nodes in the network. Mobile Ad-Hoc 
Network is the rapid growing technology from the past 20 years. 
The gain in their popularity is because of the ease of deployment, 
infrastructure less and their dynamic nature. MANETs created a 
new set of demands to be implemented and to provide efficient 
better end to end communication. MANETs works on TCP/
IP structure to provide the means of communication between 
communicating work stations. Work stations are mobile and they 
have limited resources, therefore the traditional TCP/IP model 
needs to be refurbished or modified, in order to compensate the 
MANETs mobility to provide efficient functionality. Therefore the 
key research area for the researchers is Routing. Routing protocols 
in MANETs is a challenging and attractive tasks, researchers are 
giving tremendous amount of attention to this key area [1].

II. Routing Protocol in MANET
Routing protocols in MANETs are classified into three different 
categories according to their functionality.

Reactive protocols• 
Proactive protocols• 
Hybrid protocols• 

A. Reative Protocols
Reactive protocols also known as on demand driven reactive 
protocols. The fact they are known as reactive protocols is, they do 
not initiate route discovery by themselves, until they are requested, 

when a source node request to find a route. These protocols setup 
routes when demanded [3-4]. When a node wants to communicate 
with another node in the network, and the source node don’t have 
a route to the node it wants to communicate with, reactive routing 
protocols will establish a route for the source to destination node. 
AODV and DSR is an example of reactive protocols.

1. AODV
AODV is used to find a route between source and destination 
as needed and this routing protocol uses three significant type 
of messages, Route Request (RREQ), Route Reply (RREP) and 
Route Error (RERR). Each node has a routing table, which contains 
information about the route to the specific destination.

2. DSR
It is a reactive routing protocol for ad hoc wireless networks. 
It also has on-demand characteristics like AODV but it’s not 
table-driven. It is based on source routing. The node wishing to 
send a packet specifies the route for that packet. The whole path 
information for the packet traversing the network from its source 
to the destination is set in the packet by the sender. This type of 
routing is different from table-driven and link-state routing by 
the way routing decisions are made. In source routing, routing 
decisions are made by the source node. 

B. Proactive Protocols
Another type of MANET routing protocols. A proactive routing 
protocol is different as compared to reactive routing protocols. 
These protocols maintain constantly updated topology of the 
network. Every node in the network knows about the other node 
in advance keeping it simple, the whole network is known to all 
the nodes making that network. All the routing information is 
usually kept in number of different tables [6]. Whenever there is a 
change in the network topology, these tables are update according 
to the changes. The nodes exchange topology information with 
each other; they can have route information any time when they 
needed [6].

1. OLSR
The Optimized Link State Routing (OLSR) is operated as a 
proactive (table-driven) routing protocol i.e. frequently exchanges 
topology information with other nodes of the network. This protocol 
is basically an optimization of traditional link state protocol 
developed for mobile ad-hoc network. The responsibilities of 
OLSR protocol are to minimize the required number of control 
packets transmission and also to shorten the size of control 
packets.

III. Related Work
In [2], the author simulated different routing protocols in 
various mobile scenarios and with different traffic patterns. The 
experimental results illustrated that the hybrid SBR protocol 
outperforms OLSR and AODV in networks with high mobility 
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and a small number of data sinks. In [5], Noorani used Network 
Simulator-2 (NS-2) and conducted a performance study between 
two reactive routing protocols under TCP Vegas. The results in 
the research demonstrated the superiority of AODV over DSR 
protocol. However, the simulation was done only for different 
pause times. Node speed and also node number were kept constant 
in the experiment. The authors in [7], conducted a performance 
evaluation of routing protocols and showed that the proactive 
protocol has the favourable delay, throughput and goodput, 
however, at the cost of a higher routing load. In [9], the delay 
characteristics of different routing protocols were investigated, 
where both the static and mobile network topology with 3, 5 and 
10 nodes had been realized. In [10], the performance of DSR and 
TORA routing protocols were compared, where DSR had been 
chosen as a protocol preferable to TORA. The study, however, was 
conducted considering fixed number of nodes and lower network 
congestions. In [11], a performance investigation of MANET 
routing protocols was made through measuring throughput, delay 
and routing traffic.

IV. Simulation Tool
This research is conducted using discrete event simulation 
software known as OPNET Modeler, which is just one of several 
tools provided from the OPNET Technologies suite. In order to 
undertake the experimental evaluation, the most recently available 
version, namely the OPNET Modeler 14.5 has been adopted 
in our study [8]. OPNET is one of the most extensively used 
commercial simulators based on Microsoft Windows platform, 
which incorporates most of the MANET routing parameters 
compared to other commercial simulators available. Aside from 
this, the modeler incorporates a number of features to support an 
increase in stability and mobility in the mobile ad-hoc network. 
The network models of the current study are designed, in the 
OPNET simulator, by taking help of different network entities. The 
network entities used during the design of the network model are 
wireless server, application configuration, profile configuration, 
mobility configuration and workstations (nodes). The parameters 
that have been used in the following experiments are summarized 
in Table 1.

Table 1: Simulation Parameter
Simulation parameter value
Simulator OPNET 14.5
Area 1000x1000 (m)

Network Size 15,30 and 50 
nodes

Mobility Model Random way point
Traffic type FTP
Simulation Time 600 sec
Address mode IPv4

V. Performance Metrics

A. End-to-End Delay
The end-to-end delay is the time needed to traverse from the 
source node to the destination node in a network. End-to-end 
delay assesses the ability of the routing protocols in terms of 
use- efficiency of the network resources.

B. Throughput
The average rate at which the data packet is delivered successfully 
from one node to another over a communication network is known 
as throughput. The throughput is usually measured in bits per 
second (bits/sec). A throughput with a higher value is more often 
an absolute choice in every network. Mathematically, throughput 
can be defined by the following formula.
Throughput= (number of delivered packet * packet size)/total 
duration of simulation

C. Network Load
It is the total traffic received by the entire network from higher 
layer of MAC which is accepted and queued for transmission. It 
indicates the quantity of traffic in entire network. It represents the 
total data traffic in bits per seconds received by the entire network 
from higher layer accepted and queued for transmission.

VI. Simulation Results and Analysis
The different types of scenarios configured with different network 
objects has been taken, a network size of 15, 30 AND 50 nodes 
and the file size of 50,000 bytes (for FTP) in a (1000×1000) square 
meter area. The nodes are defined as workstations with client 
server applications running over TCP/IP, support the underlying 
WLAN connection at 1 Mbps, 2 Mbps, 5.5 Mbps and 11 Mbps. 
The connection speed is set at 11 Mbps in this paper.
This paper represent the scenarios of 15, 30 AND 50 nodes which 
are simulated by taking different routing protocols like AODV, 
DSR and OLSR, showing graphically their delay, throughput 
AND varying node size. The simulation time is 600 seconds for 
all cases.

Fig. 1: Simulation Scenario Having 30 Nodes
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Fig. 2: Average End to End Delay for 15 Nodes 

Fig. 3: Throughputs for 15 Nodes

Fig. 4: Average End to End Delay for 30 Nodes

Fig. 5: Throughputs for 30 Nodes 

Fig. 6: Average End-to-End Delay for 50 Nodes 

Fig. 7: Throughputs for 50 Nodes
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Table 2: Resultant Values

Nodes Protocol Delay
(sec)

Throughput 
(bits/sec)

Network 
load (bits/
sec)

15 AODV 0.0124 6.8x105 5.4x105

15 OLSR 0.0036 6x105 5x105

15 DSR 0.021 8x105 7.3x105

30 AODV 0.024 2.8x106 2x106

30 OLSR 0.010 1.8x106 1.16x106

30 DSR 0.089 2.5x106 2.25x106

50 AODV 0.037 6.4x106 2.1x106

50 OLSR 0.023 4.5x106 2.35x106

50 DSR 0.27 3.7x106 2.4x106

VII. Conclusion
In this research, an investigation is made into aspects as to how 
well OLSR, AODV and DSR adapt to different network conditions 
in MANET, particularly with respect to extension of network. The 
key observations of the research are as follows. From this paper 
it can be concluded that the OLSR perform quite well. Delay 
of OLSR is less and the worst case is DSR. Throughput is high 
in case of AODV. In DSR delay is greater than the AODV and 
OLSR. Network load is maximum in case of DSR and minimum 
in case of OLSR.

References
[1] I.U. Shoaib Rehmaan,“Analysis of Black hole Attack on 

MANET using different MANET routing protocols”, Thesis 
no: MEE-2010-2698, 2010.

[2] A. Klein,“Performance comparison and evaluation of 
AODV, OLSR, and SBR in mobile Ad-Hoc networks”, in 3rd 
International Symposium on Wireless Pervasive Computing, 
Santorini, Greece, pp. 571- 575, 2008.

[3] C.E.Perkins, E.M.Royer,“Ad-Hoc on Demand Distance 
Vector Routing”, Proceedings of the 2nd IEEE Workshop 
on Mobile Computing Systems and Applictions, pp. 90-100, 
1999. 

[4] C.M barushimana, A.Shahrabi,“Comparative Study of 
Reactive and Proactive Routing Protocols Performance 
in Mobile Ad Hoc Networks”, Workshop on Advance 
Information Networking and Application, Vol. 2, pp. 679-
684, 2003. 

[5] R. N. Noorani,“Comparative analysis of Reactive MANET 
Routing protocols under the traffic of TCP VEGAS with 
mobility considerations”, in 2009 International Conference 
on Emerging Technologies, Islamabad, Pakistan, pp. 457 – 
461, 2009.

[6] M.Abolhasan, T.Wysocki, E.Dutkiewicz,“A Review of 
Routing Protocols for Mobile Ad-Hoc Networks”, Telecomm-
unication and Infromation Research Institute University of 
Wollongong, Australia, 2003. 

[7] A. Klein, P. Tran-Gia, “A statistic-based approach towards 
routing in mesh networks”, in IEEE Conference on Mobile 
Ad hoc and Sensor Systems, Pisa, Italy, pp. 1-6, 2007.

[8] Opnet Technologies, Inc.,“Opnet Simulator”, Internet: www.
opnet.com, date last viewed: 2010-05-05.

[9] Christopher A Harding,“Development of a Delay Algorithm 
and a Co-Simulation Framework for NCS over MANETs”, 
in Ph. D thesis, The Faculty of Computing Engineering & 
Technology at Staffordshire University, United Kingdom, 
pp. 1-230, 2009.

[10] H. M. Asif, T. R. Sheltami, A. S. Hasan, M. G. Kaosar, “Simula-
tion-based comparative study of on demand routing protocols 
for MANET”, in Department of Computer Engineering at 
King Fahd University of Petroleum & Minerals, Dhahran , 
KSA, 2007.

[11] Alex Vallejo, Guiomar Corral, Jaume Abella, Agustin Zaba-
llos,“Ad-Hoc routing performance study using OPNET 
modeler”, OPNETWORK, 2006.

Ekta Barkhodia received her Bachelor’s 
degree in Electronics from BRCM 
College of Engineering and Technology, 
Haryana, India. Now, she is pursuing 
her M.Tech degree in Electronics 
and Communication from Lovely 
Professional University, Phagwara, 
India. Her areas of interest are MANET 
and Wireless Network.

Parulpreet Singh received his Bachelor’s 
degree in Electronics from CEM, 
Kapurthala , India. Now, he is pursuing 
his M.Tech degree in Electronics 
and communication from Lovely 
Professional University, Phagwara, 
India. His areas of interest are MANET 
and Wireless Network.


