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Abstract
Mobile Ad-Hoc Networks (MANET) have opened a new dimension 
in wireless networks. It allows mobile nodes to communicate 
in absence of centralized support. It doesn’t always follow any 
fixed infrastructure due to high mobility of nodes and multipath 
propagations. It is highly deployable, self configurable and has 
dynamically changing topologies. MANET protocols have to 
face high challenges due to dynamically changing of topologies, 
low transmission power and asymmetric links. Due to link 
instability, node mobility and frequently changing topologies 
routing becomes one of the core issues in MANETs. A suitable 
and effective routing mechanism helps to extend the successful 
deployment of MANETs. Currently existent routing protocols 
provide routing solutions up to a certain level and most of them 
are designed and implemented in small areas. Many researchers are 
still working on the developments of MANET routing protocols. 
In this paper, we are going to concentrate on the performance 
of various routing protocols on Average end to end delay and 
throughput using Qualnet simulator under DYMO, OLSR and 
ZRP protocols.
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I. Introduction
A mobile ad hoc network is a collection of wireless nodes that 
can dynamically be set up anywhere and anytime without using 
any pre-existing network infrastructure Wireless networks are 
playing a major role in the area of communication. Now we 
are using wireless networks in military applications, industrial 
applications and even in personal area networks. Previously, 
the main difference between wireless and wired networks was 
only in communication channel. There exist physical medium in 
wired networks, while on the other side physical medium doesn’t 
exist on the wireless networks. Wireless networks became very 
popular in different applications considering the following factors: 
ease of installation, reliability, cost, bandwidth, total required 
power, security and performance of network [1]. All networks 
were however based on fixed infrastructures. Most common 
infrastructure based wireless networks are cordless telephone, 
cellular networks, Wi-Fi, Microwave communication, Wi-MAX, 
Satellite communication and RADAR etc. Next generation 
wireless ad-hoc networks are playing a prominent role in the rapid 
deployment of independent mobile users, efficient and dynamic 
communication for emergency/rescue operations, disaster relief 
efforts, and military networks. Ad-hoc networks do not have fix 
topologies to cover a large area. These topologies may change 
dynamically and unpredictably. Traditional routing protocols that 
are normally used for internet based wireless networks. These 
can’t be applied directly to ad-hoc wireless networks; because 
some common assumptions are not valid in all cases for such 
dynamically changing networks and may be not true for mobile 
nodes. The availability of bandwidth is an important issue of 
ad-hoc networks. Thus, these network types present a difficult 
challenge in the design of routing protocols, where each node 
participates in routing by forwarding data dynamically based on 
the network connectivity. It improves the scalability of wireless 

networks compared to infrastructure based wireless networks 
because of its decentralized nature. In critical situations: natural 
disasters, military conflicts or any emergency moment, ad-hoc 
networks are best suited due to minimal configuration and quick 
operation. Each device in a MANET is free to move independently 
in any direction, and will therefore change its links to other devices 
frequently. Each must forward traffic unrelated to its own use, 
and therefore be a router. The primary challenge in building a 
MANET is equipping each device to continuously maintain the 
information required to properly route traffic. There are types 
of routing protocols, Reactive [13], Proactive [13], Hybrid [13]. 
These routing protocols having different criteria for designing 
and classifying the protocols. 
The Mobile Ad-Hoc Network (MANET) working group of the 
Internet Engineering Task Force (IETF) [2] develops standards for 
routing in dynamic networks of both mobile and static nodes. In this 
work, the Average end-to-end delay and throughput performance 
are evaluated using three types of protocols as per three mobile 
nodes scenarios, small network, large network and very large 
network. This is accomplished by simulating scenarios with the 
help of simulation tool Qualnet [13]. A simulation network is 
established having mobile nodes of 25 nodes, 50 nodes, 75 nodes 
and randomly selects two nodes and passed them with Constant 
Bit Rate (CBR) and applied various routing algorithms over them 
and performance is evaluated

A. Review
In MANET environments in order to find out efficient routing 
protocols suitable for real time network scenarios, many researchers 
are continuously working on this area. Different routing protocols 
follow different strategies to avoid loop within the network. If the 
destination node is not available in the network or any link fails, 
the routing may face count to infinity loop problem. To ensure 
the loop free routing, protocols use destination sequence number 
and DAG algorithm (it calculates path always in unidirectional) 
and feasible distance etc. Where DSR uses the source route to 
avoid the loops, TORA uses a link reversal algorithm and AODV 
uses a sequence number for each destination. Routing loop and 
maintenance of complete reach ability are the two factors which 
directly influence the routing efficiency for all nodes [6]. 
Normally Random Waypoint, Random Walk and Random 
Directions are used to design a MANET. In Random Waypoint 
mobility model with respect to packet delivery ratio and end to end 
delay, AODV protocol shows the better performance than DSDV, 
TORA. In high mobile scenarios- AODV also shows the better 
throughput than DSDV, TORA and DSR protocols [3]. 

II. Routing Protocols in MANET
Wireless mobile ad-hoc networks have no fixed infrastructure. 
Dynamic routing protocol is needed to function properly on a 
frequently changing network topology. Here the node itself acts 
as both client and server, forwarding and receiving packets to 
or from other nodes. Routing in ad-hoc networks has become a 
challenging issue. The Internet Engineering Task Force (IETF), 
MANET working group is working continuously to ensure 
standardization of routing protocols. The purpose of this working 
group is to standardize IP routing protocol functionality suitable 
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for wireless routing application within both static and dynamic 
topologies [11]. 
There are many protocols already have developed for MANET 
environments. All these protocols can be classified in different 
ways. Based on the network structure the routing protocols can 
be classified as flat routing, hierarchical routing and geographic 
position assisted routing [9].

Fig. 1: Classification of MANETs Routing Protocols ([8-10]).

In flat routing, nodes communicate directly with each other. The 
flat routing protocols can be classified in three categories such 
as proactive, reactive and hybrid. Proactive protocols follow the 
strategies which are mostly followed by conventional routing 
protocols. On-demand routing is a new emerging technology in 
ad-hoc networks. Hybrid protocols are incorporating the properties 
of both proactive and reactive types. MANET routing protocols 
do not follow the properties of conventional protocols. 
Hierarchical routing plays a major role in large size networks 
where flat routing protocols are struggling with constraints. Now-
a-days geographical location information also provides better 
routing performance in ad-hoc networks.
In proactive scheme, a very small delay is needed to determine 
the route but a significant amount of delay is needed for creating 
a route by reactive routing protocols. Pure proactive scheme is 
not appropriate for the ad-hoc networking environment, because 
it has to keep the current routing information in a large network. 
Reactive protocols require significant control traffic due to the 
long delay and excessive control traffic. As a result pure reactive 
routing protocols can’t be implemented in large networks.

A. Dynamic MANET On-demand
The Dynamic MANET On-demand (DYMO) routing protocol is 
a unicast reactive routing protocol which is intended for used by 
mobile nodes in wireless multi-hop networks. DYMO is a reactive 
routing protocol. In this Routing Message (Control Packet) is 
generated only when the node receives a data packet and it does 
not have any routing information. The basic operation of DYMO 
protocol is route discovery and route management.
During route discovery, the Route Request (RREQ) routing 
message is generated for a target node for which it does not have 
any routing formation. Source node floods the RREQ message 
to find the target node. During flooding each intermediate node 
records a route to the originating node by adding the routing 

information into this routing table. When the target node receives 
the RREQ, it responds with a Route Reply (RREP) message which 
is sent as a unicast message toward the originating node. Each 
node that receives the RREP records a route to the target node 
and forwards the RREP to next hop. When the originating node 
receives the RREP, routes have been established between the 
originating node and the target node in both directions. In order to 
react to the changes in the network topology nodes maintain their 
routes and monitor their links. A Route Error (RERR) message 
is generated by a node whenever it receives a data packet for a 
destination to which it has no route in its routing table. This RERR 
RM notifies other nodes that the current route is broken. Once 
the source receives the RERR, it re-initiates route discovery if it 
still has packets to deliver. Hello Messages can be used by nodes 
to maintain routes to all its neighbouring nodes. 

B. Optimized Link State Routing Protocol
The Optimized Link State Routing Protocol (OLSR) is developed 
for mobile ad hoc networks. It operates as a table driven, proactive 
protocol, i.e. exchanges topology information with other nodes 
of the network regularly. Each node selects a set of its neighbour 
nodes as “multipoint relays” (MPR). In OLSR, only nodes, selected 
as such MPR’s, are responsible for forwarding control traffic, 
intended for diffusion into the entire network. MPRs provide an 
efficient mechanism for flooding control traffic by reducing the 
number of transmissions required. 
Nodes, selected as MPRs, also have a special responsibility when 
declaring link state information in the network. Indeed, the only 
requirement for OLSR to provide shortest path routes to all 
destinations is that MPR nodes declare link-state information for 
their MPR selectors. Additional available link-state information 
may be utilized, i.e. for redundancy.
Nodes which have been selected as multipoint relays by some 
neighbour node(s) announce this information periodically in their 
control messages. Thereby a node announces to the network, that 
it has reach ability to the nodes which have selected it as an MPR. 
In route calculation, the MPRs are used to form the route from a 
given node to any destination in the network. Furthermore, the 
protocol uses the MPRs to facilitate efficient flooding of control 
messages in the network [7].
A node selects MPRs from among its one hop neighbours with 
“symmetrical”, i.e. bi-directional, linkages. Therefore, selecting 
the route through MPRs automatically avoids the problems 
associated with data packet transfer over uni-directional links. 

C. Zone Routing protocol
Zone Routing Protocol (ZRP) was first introduced by Haas and 
Pearlman [5]. It is a hybrid protocol. To perform operations it 
divides the total network area into different zones. Zone size or 
radius does not depend on the distance; it depends on the number of 
hops. It is applicable in a wide variety of mobile ad-hoc networks 
with diverse mobility across a large span. It uses separate strategy 
to find out new routes for nodes which are lying within or outside 
the zone. There are four elements available in ZRP: MAC level 
function, IARP, IERP and BRP. IARP, proactive protocol is used 
to discover route within zone and in this case, links are considered 
as unidirectional. But in order to communicate with the nodes 
which locate in different zones, nodes use IERP, on-demand 
routing protocol. ZRP also follows different strategies, such as 
routing zone topology and proactive maintenance, for improving 
the efficiency and quality to discover a globally reactive route 
using query/reply mechanism [12]. 
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The ZRP has versatile properties and applications. Zone radius is an 
important parameter of ZRP. A large routing zone is more suitable 
for slowly moving nodes and high demand of route scenarios. In 
fixed topology, network zone would be infinitely large. In fixed 
internet, pure proactive routing protocols are best suited. Smaller 
routing zone is suitable for minimum nodes and where demand 
of route is low. ZRP works as a normal flooding protocol when 
zone size is one. In order to identify the direct neighbour nodes, 
it uses MAC protocol. And to identify the other nodes within the 
zone it uses NDP (Neighbour Discovery protocol) [4].

III. Network Design 
Network of twenty five, fifty and seventy five nodes is designed 
in Qualnet simulation environment. These different networks 
having mobile nodes represent monitoring applications in 
MANET. In the first scenario, a network with twenty five nodes, 
the performance evaluation of the DYMO, OLSR, ZRP routing 
protocols is evaluated on the performance parameter of Average 
End-to End delay and throughput is compared. After performing 
this simulation then the other two more scenarios are analysed by 
increasing the number of nodes from twenty five to fifty and fifty 
to seventy five making the network more complex, and comparing 
on the performance parameter of Average End to End is analysed 
and throughput.

Fig. 2: 25 Nodes (Small Network) Scenario of DYMO, OLSR, 
ZRP

Fig. 3: 50 Nodes (Large Network) Scenario Of DYMO, OLSR, 
ZRP

Fig. 4: 75 Nodes (Very Large Network) Scenario of DYMO, 
OLSR, ZRP

IV. Simulation Tool
The collaboration of imminent research objectives and its 
related scope in this study are also collapsed into same influence 
of simulation environment for generating some authenticated 
outcomes. For this purpose, the adopted methodology for the 
results of this research work (specifically comparative routing 
analyses) is based on simulations near to the real time packages 
before any actual implementation. QualNet is a comprehensive 
suite of tools for modelling large wired and wireless networks. 
It uses simulation and emulation to predict the behaviour and 
performance of networks to improve their design, operation and 
management [13]. QualNet enables users to Design new protocol 
models, Optimize new and existing models.
Design large wired and wireless networks using preconfigured 
or user-designed models, Analyse the performance of networks 
and perform what-if analysis to optimize them. QualNet (6) is 
the preferable simulator for ease of operation. So, we found 
QualNet be the best choice to implement our scenarios as we do 
not need every feature possible, just those for the token passing 
and message routing. QualNet is a commercial simulator that 
grew out of GloMoSim, which was developed at the University 
of California, Los Angeles, UCLA, and is distributed by Scalable 
Network Technologies [6]. The QualNet simulator is C++ based. 
All protocols are implemented in a series of C++ files and are 
called by the simulation kernel. QualNet comes with a java based 
Graphical User Interface (GUI). 

Table 1: Simulation Parameters
Simulation Parameters

Protocols DYMO,OLSR,ZRP
Terrain 1500*1500 meters
Simulation Time 1000 seconds
Number of nodes 25,50 and 75 nodes

Performance Metrics Average End-to-End, 
Throughput

Traffic Type Constant Bit Rate(CBR)
Mobility 10 m/sec
Packet Size 512 Bytes
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V. Performance Metrics
In the case of performance metrics, we take Average end-end delay 
and throughput and evaluate the performance of small (25 nodes), 
large (50 nodes) and very large networks (75 nodes)

A. Average End-to-End Delay
End-to-end delay is the time that packet takes to traverse the network 
from source to destination. It is the time from the generation of data 
packet by source to destination nodes and expressed in seconds. 
Different types of delays are included during the transmission of 
packet from source to destination. Such as buffering during the 
route discovery process, retransmission at MAC layer, propagation 
delay and transfer time. Mathematically end-to-end delay can be 
shown as: 
D end-end = N [D Trans + D prop + D proc]
It includes all the delays i.e. end to end delay is the combination 
of N time 
Transmission Delay (D Trans), 
Propagation Delay (D prop) and 
Processing Delay (D proc). 
 D end-end = End-to-End Delay 
 D Trans = Transmission Delay 
 D prop = Propagation Delay 
 D proc= Processing Delay 
Be used by managers to determine the policies for their 
product.

Fig. 5: End-to End Delay in Small, Large and Very Large 
Network

B. Throughput
Throughput is the most important metric to examine the 
performance of routing protocols. Throughput is a measure 
of how fast data packet successfully reaches a receiver node. 
We measure it in Kbps. Unreliable wireless channels, frequent 
topology changes and limited resources affect throughput in 
MANETs. Mathematically, it is represented as follow: 

Fig. 6: Throughput in Small, Large and Very Large Network

VI. Conclusion
In this paper the evaluation routing protocols for Mobile ad hoc 
Networks. There are many routing protocols such as AODV, 
DSR, OLSR, GRP, ZRP, DSDV, TORA etc. We use three Ad-
Hoc Protocols such as DYMO (Dynamic MANET On-demand), 
OLSR (Optimized Link State Routing Protocol) and ZRP (Zone 
Routing Protocol) with respect to their packet end-to-end delay 
and throughput as their performance metrics.
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