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Abstract: A Mobile Ad-hoc Network (MANET) is a set of wireless nodes that dynamically form a network to exchange 
information without using any pre-existing fixed network infrastructure. It is a temporary network. Every node acts as both a 
host and a router resulting in multi hop routing. The nodes frequently change their position. For comparatively small 
networks flat routing protocols are sufficient. However, in larger networks either hierarchic or geographic routing protocols 
are needed, and the protocols have to be chosen according to network characteristics, like density, size and additionally the 
mobility of the nodes. In this paper three routing protocols AODV (Ad-hoc on-Demand Distance Vector), Fisheye State 
Routing (FSR) and Zone Routing Protocol (ZRP) are compared. The performance of three routing protocols is analyzed in 
terms of their Packet Delivery Fraction, Average End-to-End Delay, average jitter and Throughput. A QualNet version 5.0 
simulator is used for comparison and critical analysis of ZRP is done to find its merits and demerits. 
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I. INTRODUCTION 
 
Mobile networks have been of significant interest in 
the past ten years because of their improved 
flexibility and reduced costs. Compared to wired 
networks, mobile networks have unique 
characteristics and differ in the way of 
communication. Wired networks transfer data 
packets through physical cables; whereas, in mobile 
networks, the communication between different 
devices can be either wireless or wired. In mobile 
networks, node mobility makes the network topology 
change frequently, which is rare in wired networks. 
Mobile networks have a high error rate, bandwidth 
limitations and power restrictions. Due to the impacts 
from transmission power, receiver sensitivity, noise, 
fading and interference, wireless link capacity 
continually varies. Wireless networks can be 
deployed quickly and easily, and users stay 
connected to the network while they are moving 
around. Also, they play an important role in both 
civilian and military fields. We have seen great 
developments in Wireless networks infrastructure, 
availability of wireless applications, and proliferation 
of Wireless devices everywhere such as laptops, 
PDAs, and cell phones. According to the deployment 
of network infrastructure, Wireless networks can be 
divided into two types. The first type is 
Infrastructure-based wireless networks and the 
second are infrastructure-less mobile networks, 
commonly known as ad-hoc networks. Infrastructure 
networks are those networks with fixed and wired 
gateways. The bridges for this type of networks are 
known as base stations. A mobile node connects to 
the nearest base station which is within its 
communication radius. As the mobile travels out of 
range of one base station and into the range of 
another, a “handoff” occurs from the old base station 

to the new, and the mobile is able to continue 
communication seamlessly throughout the network 
 
II. MANET ROUTING PROTOCOLS 
 
Routing is an important and challenging [2] [8] issue 
in dynamic multi-hop networks. Thus, many routing 
protocols algorithms have been proposed in recent 
years. The goal of routing protocol is to establish 
efficient route between a pair of nodes, so that 
messages can reach their destination in a timely 
manner. During the last two decades, many mobile 
ad-hoc network routing protocols have been 
proposed because of their importance in dynamic 
networks. It is not possible to consider a particular 
algorithm or class as the best for all scenarios. Each 
protocol has its own advantages and disadvantages 
and may only be suited for certain situations. Due to 
a variety of challenges, designing a mobile ad hoc 
network routing protocol is a tough task. Firstly, in 
MANETS, the topology changes frequently because 
of node mobility. Secondly packet losses may occur 
frequently because of the variable and unpredictable 
capacity of wireless links. Finally, mobile nodes have 
limited power, limited bandwidth resources and 
require effective routing schemes. 
 
III. CLASSIFICATION OF ROUTING 

PROTOCOLS 
 
There are different criteria to classify [4] routing 
protocols for wireless ad hoc networks. 
 We present some of these criteria in the following 
subsections: 
 
A. Proactive Routing Protocols 
A proactive routing protocol is also called a “table 
driven” routing protocol. Using one of the proactive 
routing protocols, nodes in a mobile ad hoc network 
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continuously evaluate routes to all reachable nodes 
and modify routing information. Thus, a source node 
can get a routing path immediately as soon as it 
needs one. In proactive routing protocols, each node 
maintains routing information to every node in the 
network. The routing information is stored in a 
number of tables. These tables are periodically 
updated and updated if there is a significant change 
in the network topology. The difference between 
existing proactive routing protocols lies in the way 
that the routing information is updated, and the type 
of information stored in each routing table. 
Moreover, each routing protocol may maintain a 
different number of tables. Several proactive routing 
protocols have been proposed, such as Destination 
Sequence Distance Vector (DSDV), and the Fisheye 
State Routing (FSR). 1) Fisheye State Routing 
(FSR): Fisheye State Routing (FSR) [5] is a proactive 
routing protocol based on the Link State routing 
algorithm. As the name indicates, FSR utilizes a 
function similar to a fish eye, where the eye captures 
the pixels with high detail near the focal point. As the 
distance from the focal point increases, the detail 
decreases. FSR maintains accurate distance and path 
quality information about its immediate neighboring 
nodes. FSR uses the notion of multi-level fisheye 
scope to reduce the routing update overhead in large 
networks. The scope is defined as a number of nodes 
which can be reached within a specified number of 
hops. The number of levels and the radius of each 
scope depend on the size of the network. FSR is 
similar to many LS Routing protocols in that it 
maintains a topology map at each node. The main 
difference is the way that routing information is 
propagated. Instead of flooding link state information 
into the entire network, nodes in FSR maintain a link 
state table according to up-to-date information 
received from their neighbors, and periodically 
exchange it only with neighboring nodes. By this 
exchange process, table entries are updated where 
entries with smaller sequence numbers are replaced 
by those with larger sequence numbers. In dynamic 
networks, the network topology changes frequently. 
Exchanging the entire topology table among 
neighbors consumes a considerable amount of 
bandwidth. Instead of being event driven, FSR uses 
periodic updates to avoid the excessive overhead 
caused by flooding link state updates. Moreover, FSR 
uses different exchange periods for different entries 
in the routing table to reduce the routing update 
overhead. FSR avoids extra work to find the 
destination (as in a reactive routing) by retaining a 
routing entry for each destination node.  
 
B. Reactive Routing Protocols 
Reactive routing [3] is also known as “on-demand” 
routing. It creates routes only when needed by the 
source node. They are based on some kind of “query-
reply” dialogue and they do not maintain an up-to-
date topology of the network. As a node has some 

data to be sent, it invokes a route discovery 
procedure to find a route to the desired destination. 
Such a procedure uses flooding the network with the 
route discovery, and terminates if the query reaches 
the destination or reaches an intermediate node that 
has an active route to the destination. Compared to 
the proactive routing protocols for mobile ad hoc 
networks, reactive routing protocols have less control 
overhead. Thus, reactive routing protocols have 
better scalability than proactive routing protocols in 
mobile ad hoc networks. On the other hand, using 
reactive routing protocols, the source nodes may 
suffer from long delays before they become able to 
forward data packets. The following subsections give 
brief description of three reactive routing protocols: 
Ad hoc On- demand Distance Vector routing 
(AODV) , Dynamic Source Routing (DSR). 1) Ad-
hoc On Demand Distance vector – AODV: Ad hoc 
On-Demand Distance Vector Routing Protocol 
(AODV) [1] is a unicast reactive routing protocol, 
where the routes are constructed only when needed. 
AODV maintains a routing table where routing 
information about the active paths is stored. AODV 
protocol use four control packets: Hello messages, 
Route Requests (RREQs), Route Replies (RREPs), 
and Route Errors (RERRs). Each node maintains a 
routing table which contains: Destination, Next Hop, 
Number of hops (metric), Sequence number for the 
destination, Active neighbors for this route, and 
Expiration time for the route table entry. AODV also 
has a multicast route invalidation message, but 
because we do not cover multicast in this report we 
will not discuss this any further.  Route table 
management AODV needs to keep track of the 
following information for each route table entry: N 
Destination IP Address: IP address for the destination 
node. N  Destination Sequence Number: Sequence n 
umber for this destination. 
N  Hop Count: Number of hops to the destination. 
N  Next Hop: The neighbor, which has been 
designated to forward packets to the destination for 
this route entry. 
N  Lifetime: The time for which the route is 
considered valid. 
N  Active neighbor list: Neighbor nodes that are 
actively using this route entry. 
N  Request buffer: Makes sure that a request is only 
processed once. 
Route discovery 
A node broadcasts a RREQ when it needs a route to a 
destination and does not have one available. This can 
happen if the route to the destination is unknown, or 
if a previously valid route expires. After broadcasting 
a RREQ, the node waits for a RREP. If the reply is 
not received within a certain time, the node may 
rebroadcast the RREQ or assume that there is no 
route to the destination. Forwarding of RREQs is 
done when the node receiving a RREQ does not have 
a route to the destination. It then rebroadcast the 
RREQ. The node also creates a temporary reverse 
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route to the Source   IP Address in its routing table 
with next hop equal to the IP address field of the 
neighboring node that sent the broadcast RREQ. This 
is done to keep track of a route back to the original 
node making the request, and might be used for an 
eventual RREP to find its way back to the requesting 
node. The route is temporary in the sense that it is 
valid for a much shorter time, than an actual route 
entry. When the RREQ reaches a node that either is 
the destination node or a node with a valid route to 
the destination, a RREP is generated and unicasted 
back to the requesting node. While this RREP is 
forwarded, a route is created to the destination and 
when the RREP reaches the source node, there exists 
a route from the source to the destination. 
 
C. Hybrid Routing Protocols 
Hybrid routing protocols are both proactive and 
reactive routing protocols and overcome their 
shortcomings. Scalability is an important factor in 
designing an efficient routing protocol for wireless ad 
hoc networks. A good routing protocol has to be 
scalable and adaptive to the changes in the network 
topology. Thus a scalable protocol should perform 
well as the network grows larger or as the workload 
increases. The key characteristic of a reactive 
protocol is that the source node invokes a route 
discovery procedure to discover routes. Whenever a 
source node needs a route to an unknown destination, 
it initiates a route discovery process by flooding a 
route request for the destination and waits for a route 
reply. Each route discovery flood is associated with 
significant latency and overhead. This is particularly 
true for large networks. Excessive flooding can lead 
to network clogging and as a result the protocol’s 
performance becomes worse. Hence it is desirable to 
keep the route discovery frequency low to improve 
the scalability of reactive routing protocols. 
Multipath routing and hierarchical routing can reduce 
the frequency of on-demand route discovery. Hybrid 
routing protocols are designed to increase scalability 
by reducing route discovery overheads. This can be 
achieved by proactively maintaining routes to the 
near nodes and determining routes to far nodes using 
a route discovery mechanism. Most of the proposed 
hybrid protocols are zone-based, which means that 
the network is partitioned into zones by each node. 
Others group nodes are partitioned into trees or 
clusters.  1) Zone Routing Protocol (ZRP): The Zone 
Routing Protocol (ZRP) [6] is based on the notion of 
routing zones that are defined for each node. This 
includes all nodes whose distance is less than some 
predefined number; the distance is referred to as the 
zone radius. Each node has to know the topology of 
the network within its zone, and nodes are updated 
about topological changes within their zone. Thus, 
even if the network is very large, the updates are only 
propagated locally. For a zone radius greater than 
one, routing tends to be robust. A hop-count is 
included in the query message to limit its forwarding 

process. The initial value of hop-count is set to a 
maximal value and decreased by one each time the 
query is forwarded. When the value of the hop-count 
reaches zero, the message is discarded. The behavior 
of ZRP can be adjusted by changing the value of the 
zone radius. For a large zone radius, ZRP works as 
proactive protocol, whereas for small zone radius, 
ZRP works as a reactive protocol. Route evolution 
and routing zone update protocols are two ZRP 
related protocols that work in conjunction with the 
route discovery protocol. The route evolution 
changes the network-wide routes as a response to the 
changes in the connectivity of nodes on the path. The 
route zone update protocol allows each node to learn 
the complete topology of its zone. Generally, in ZRP, 
completely different routing approaches square 
measure used for inter-zone and intra-zone packets. 
The proactive routing approach known as Intra-zone 
Routing protocol (IARP) is employed within routing 
zones, and also the reactive routing approach known 
as Inter-zone Routing Protocol (IERP), is employed 
between routing zones, severally. Therefore, if the 
supply and destination nodes square measure within 
the same zone, a route is on the market straightaway. 
Most of the prevailing proactive routing schemes is 
used because the IARP for ZRP. The IERP reactively 
initiates route discovery once the supply node and 
also the destination square measure set in several 
zones. 
 
IV. SIMULATION 

 
 We performed simulations on QualNet version 5.0 
simulator [7] . The Random Waypoint Mobility 
Model is the most widely used mobility model. Many 
researchers use it to compare the performance of 
various mobile ad hoc network routing protocols. 
This model includes pause times between changes in 
direction and/or speed. Using the waypoint mobility 
model, each node starts the simulation by remaining 
stationary for pause-time seconds. Then, it randomly 
chooses a destination in the simulation area and 
moves towards that destination at a speed uniformly 
chosen between 0 and maximum speed. When the 
node reaches the selected destination, it halts again 
for pause-time, selects another destination and starts 
to move towards the new destination. This process is 
repeated for the duration of the simulation. the 
average speed of a mobile node decays with time. 
This is because of the fact that low speed nodes 
spend more time to reach their destinations than high 
speed nodes. It is also shown that increasing the 
speed of nodes results in increased network 
connectivity.  
 
A. Performance Metrics 
 
1) End-to-End delay: It is time delay for data packet 
from source to destination. 
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2) Packet delivery ratio: The number of data packets 
successfully received by the destination. 
3) Throughput: It is number of bits transmitted per 
second. 
4) Average Jitter: Jitter is the variation in the time 
between packets arriving, caused by network 
congestion, timing drift, or route changes. 
 

TABLE I 
SIMULATION PARAMETERS 

 
 

B. RESULTS AND ANALYSIS 
End to end delay: 

 
Fig. 1 End to end delay with varying pause time 

 

 
Fig. 2 End to end delay with varying nodes 

 
The best performance is shown by FSR by having 
lowest end to end delay with varying pause time and 
in fig 2 the best performance is shown by ZRP with 
varying nodes. 
Packet delivery ratio: 

 
Fig. 3 Packet delivery ratio with varying pause time 

 
Fig. 4 Shows packet delivery ratio with varying nodes 

 
The AODV much better performance than two FSR 
and ZRP routing protocols by highest packet delivery 
ratio with varying pause time. At nodes 20; AODV 
has a better PDF value when compared to FSR and 
ZRP. At nodes 100, ZRP has a better PDF value 
when compared to AODV and FSR with varying 
nodes. 
Throughput: 

 
Fig. 5 Throughput with varying pause time 

 

 
Fig. 6 Throughput with varying nodes 

 
Best  performance  is  shown  by  AODV  as  it  
delivers  data  packets  at higher rate in comparison 
to FSR and ZRP with varying pause time and nodes. 
Average jitter: 

 
Fig. 7 Average jitter with varying pause time 
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Fig. 8 Average jitter with varying nodes 

 
ZRP has less average jittering than AODV and FSR 
routing protocols by varying pause time and nodes. 
 
CONCLUSION 
 
This paper compares and analyzes the performance 
of the three routing protocols AODV, DSR and ZRP 
in QualNet 5.0 Simulator. The best performance is 
shown by FSR by having lowest end to end delay 
with varying pause time and in fig 2 the best 
performance is shown by ZRP with varying nodes. 
The AODV much better performance than two FSR 
and ZRP routing protocols by highest packet delivery 
ratio with varying pause time. At nodes 20; AODV 
has a better PDF value when compared to FSR and 
ZRP. At nodes 100, ZRP has a better PDF value 
when compared to AODV and FSR with varying 
nodes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Best performance is shown by AODV as it delivers 
data packets at higher rate in comparison to FSR and 
ZRP with varying pause time and nodes. ZRP has 
less average jittering than AODV and FSR routing 
protocols by varying pause time and nodes. 
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