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ABSTRACT 
The Zone Routing Protocol is a protocol which employs both 

the activities of proactive and reactive protocols. It is mainly 

designed for Mobile Adhoc Networks. The transfer of data 

inside the routing zone is handled by proactive part of ZRP i.e 

IARP and outside the routing Zone is done by the reactive 

part i.e IERP. In this work, an analysis has been done by 

setting up two different simulation environments for ZRP. 

First is by varying the Zone Radius and another one is by 

varying the node density for various zone radius. This will 

help us in analyzing the performance of zone routing protocol 

in highly dynamic environment. 
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1. INTRODUCTION 
A MANET (Mobile Ad-hoc Network) is a type of adhoc 
network with rapidly changing topology. These networks 
typically have a large span and connect hundreds to thousands 
of nodes [1]. These networks are fully distributed, and can 
work at any place without the aid of any infrastructure. One of 
the distinctive features of MANET is, each node must be able 
to act as a router to find out the optimal path to forward a 
packet. As nodes may be mobile, entering and leaving the 
network, the topology of the network will change 
continuously [2]. 
Since the nodes in Ad hoc networks are free to move over a 

certain area which results into frequent change in the network 

topology, design of suitable routing protocol is essential to 

adapt the dynamic behavior of the network. Therefore to meet 

the needs, Zone Routing Protocol has been designed which 

has both the properties of table-driven and on-demand 

protocols. This study shows the behavior and operation of 

Zone Routing Protocol as well as effect of increasing zone 

radius and node density on various performance matrices in 

highly mobile environment. 

Basically paper is divided into five sections where Section I 

deals with an introduction to Mobile adhoc networks, section 

II provides a brief overview on Zone Routing Protocols 

(ZRP), Section III deals with the simulation methodology and 

section IV gives the detailed analysis of the result obtained 

from the experiments and section V concludes the work and 

also provides the future scope of the work. 

 

1.1 Description Of Protocol 
1.1.1 Zone Routing Protocol: 
The ZRP protocol, developed by Haas and Pearlman, 

incorporates a localized zone approach to routing. The 

fundamental approach is to incorporate a hybrid protocol that 

exploits the benefits of both a reactive and a proactive 

protocol[3]. It was designed to mitigate the problems of those 

two schemes. Proactive routing protocol uses excess 

bandwidth suffers from long route request delays and 

inefficient flooding the entire network for route determination. 

ZRP addresses these problems by combining the best 

properties of both approaches. In ZRP, the distance and a 

node, all nodes within -hop distance from node belongs to the 

routing zone of node[4]. However, size of a routing zone 

depends on a parameter known as zone radius. In ZRP, each 

node maintains the routing information of all nodes within its 

routing zone. Components of ZRP are IARP, IERP and BRP. 

 

 
1.1.2 Intrazone Routing Protocol (IARP) 
The first protocol of ZRP is the Intrazone Routing Protocol 

(IARP). IARP is responsible for maintaining routes within 

each node's routing zone through periodic routing table 

updates. This is usually accomplished using a wide range of 

traditional distance vector or link-state protocols [5]. All 

nodes less than or equal to the routing zone radius are 

considered to be in the zone. These nodes are referred to as 

interior nodes. Nodes on the edge of the routing zone (those 

with hop count equal to the zone radius) are considered 

peripheral nodes and take on greater significance in the next 

section.  

 

1.1.3 Interzone Routing Protocol (IERP) 
Routing outside the zone is done based on a reactive or on-

demand approach, by using IERP.[6] Some of the functions of 

IERP including bordercasting, route accumulation, and query 

control, are performed by a special component of IERP called 

the Bordercast Resolution Protocol (BRP). IERP queries 

through the network, although global in nature, are expedited 

through the use of proactive routing zones. Instead of having 

to reach each node, the discovery process must merely touch 

each routing zone to discover the targeted node. When IERP 

queries are compared to a flooding mechanism, efficiency is 

increased and overhead is decreased by utilizing the zone 

topology of the network[7].  
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1.1.4 Bordercast Resolution Protocol (BRP) 
BRP is a subset and the workhorse of IERP. It provides 

bordercasting, route accumulation, route optimization, and 

query control. When a node reach a destination outside of the 

zone, efficiency is increased by bordercasting the query 

request directly to the peripheral nodes to reach the entire 

network. BRP uses efficient flooding (multipoint relay) and 

efficient probing to control unnecessary overhead[8]. It also 

does proactive route repair and route shortening to improve 

performance. This reduces the overhead in comparison to 

simple flooding over the entire network.  

 

2. SIMULATION METHODOLOGY  
A well known network simulator NS-2.33 is used as a 

framework to study the performance of ZRP routing 

protocol.[9] the analysis of Zone Routing Protocol is done on 

the basis of its authentic parameter Zone Radius. The 

simulations are done in a specific two scenarios.  

 

Figure 2: Snapshot of simulation environment 

2.1 Routing Zone Optimization       
A mathematical expression for the optimum zone radius for 

optimum performance has not yet been determined. Even with 

perfect knowledge of all network parameters, computation of 

an optimal routing zone radius is not a straightforward 

mechanism. Haas recommends that further research could 

focus on a complete derivation of the ZRP traffic 

function[10].  

 

          Optimum Zone Routing Radius 

                           

          IARP                      IERP Dominates 

           

          IERP                         IARP 

 

 

 

 

                                 IERP 

         IARP 

 

                      

 

                  Zone Routing Radius 

As shown in Figure, if IERP traffic is decreasing and the 

amount of proactive IARP traffic is increasing, there is an 

"undershoot" of the optimum zone radius. Likewise, if IERP 

traffic is increasing and IARP traffic is also increasing would 

indicate an "overshoot" of the optimum zone radius.[11] The 

traffic adaptive method only relies on current estimates. In 

other words, the ratio between IERP to IARP (IERP/IARP) 

should be as close one as possible for optimization[12]. The 

general rule-of-thumb is that a sparse network favors a large 

routing zone and a dense network favors a small routing zone. 

3. EXPERIMENTAL SETUP 
Scenario 1: Effect of increasing zone radius on 

performance matrices: 
The Zone Radius is varied from 1 to 10 by keeping number of 

nodes constant. The experimental set up for scenario 1 is as 

depicted in the table:  

 
PROTOCOL ZRP 

ENVIRONMENT SIZE 500 X  500 

NUMBER OF NODES 50 

DATA RATE 16 bits/sec 

PACKET SIZE 512 bytes 

SIMULATION TIME 150 mins 

TRAFFIC TYPE CBR 

 

The effect of Zone Radius on various performance matrices is 

as shown with the help of graphs. 

Average throughput: As we can see from the following 

graph(a), the average throughput for Zone Radius=2 is high as 

compared to the other Zone Radius. This is probably due to 

the proper utilization of IARP and IERP component of Zone 

Routing Protocol at the lower value of Zone Radius. As the 

zone radius increases, ZRP tends to proactive nature. 

Proactive routing mechanism (IARP)  causes greater number 

of control packets and as the zone radius increases, throughput 

of the network decreases. 
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                                      (a) 

Average end to end delay: From the graph (b), it has 

been observed that the end to end delay decreases as the Zone 

Radius increases. This is probably due to increase in Zone 

Radius leads to increment in proactive component. Therefore, 

time to send a packet is low.  

 

                                   (b) 

Average jitter: It has been observed from the graph that the 

average jittering having smaller radius is less than as 

compared to increased zone radius. Zone radius=1 has high 

average jitter as being reactive in nature, there is more 

variation in the arrival time of packets. At high zone radius, 

proactive routing mechanism (IARP) causes greater number 

of control packets leading to more jittering factor. 

 

                           (c) 

Packet delivery ratio: Packet delivery ratio has the same 

effect as the average throughput. At lower zone radius, it has 

the highest packet delivery ratio. As zone radius = 1 means 

that the transmission is done only on the basis of reactive 

nature of zone routing protocol, therefore it is not able to take 

the advantage of proactive routing mechanism for local 

routing table maintenance. 

 

                       (d) 

Normalized routing overhead: The number of routing 

packet is much higher than number of data packets and that 

cause higher routing load for zone radius =1. It is minimum at 

the zone radius=2 and as the zone radius increases, routing 

load also increases. This is probably due to more high chances 

of link failures at higher zone radius. Therefore, more efforts 

are needed to build the zone routing tables. Hence, the load 

increases. 
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                        (e) 

Scenario 2: Effect of varying node density by 

keeping zone radius constant 
Now, number of nodes ranging from 10 to 100 are taken and 

take some constant values of zone radius like in this scenario, 

we take values 2,4 and 6. The configuration for this scenario 

is as follows: 

 
PROTOCOL ZRP 

ENVIRONMENT SIZE 500 X  500 

NUMBER OF NODES 10-100 

DATA RATE 16 bits/sec 

PACKET SIZE 512 bytes 

SIMULATION TIME 150 mins 

TRAFFIC TYPE CBR 

ZONE RADIUS 2,4,6 

 

Average throughput: The average throughput with 

smaller zone radius and at smaller number of nodes increases 

and then as the number of nodes increases, throughput 

decreases. The possible reasons are as node density increases, 

number of zones in the area increases. Due to this number of 

zones increases, so that reactive traffic of ZRP increases as 

compared to proactive one and large number of query packet 

are generated, to share information between zones. The graph 

shows that ZRP having smaller zone radius give the better 

throughput as compared to ZRP having higher zone radius in 

high-density nodes. 

 

Average jitter: From the graph, we can see that the average 

jitter having small zone radius is less as compared to large 

zone radius. As the node density increases, jitter also 

decreases. This is mainly due to as number of nodes increases, 

the proactive part increases. Hence, query packet losses are 

less. Therefore, information with reactive part reduced and 

packet form the source to destination reach at equal interval. 

 

Packet delivery ratio: Packet delivery ratio is 

approximately equal for the increasing zone radius. As node 

density increases, packet delivery ratio decreases. The 

possible reasons is mainly due to decrease in throughput at 

higher node density. The throughput is less therefore the 

packet delivery ratio. At lower number of nodes, packet 

delivery ratio is more because of more reactive components 

than the proactive one leads to the increment in packet 

delivery ratio. 
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Normalized routing overhead: At some initial number 

of nodes, routing overhead of lower zone radius is 

approximately equal to the higher zone radius. But after a 

reach of 50 number of nodes, routing load of higher zone 

radius is higher as compared to lower zone radius. The main 

reason behind that as the node density increases and zone 

radius increases, the proactive components are more. They 

need more route packets to maintain their routing table. 

Hence, it increases the load of the network.  

 

Average end to end delay: The average end to end delay 

of larger zone radius is less than the smaller zone radius and 

as the node density increases, delay decreases. The reason for 

this is as zone radius is smaller, number of zone increases. 

Due to this reactive traffic increases and time required to 

share information between zone increases. Therefore, due to 

all these overall time delay required by the packet to reach the 

destination form the source increases. On the other hand, ZRP 

having higher zone radius shows less end-to-end delay as 

compared to ZRP having smaller zone radius. 

  

4. CONCLUSION & FUTURE WORK 
The results shows that ZRP demonstrated a really low packet 

delivery ratio and throughput where the mobility is high. As 

the number of nodes increases, the routing load also increases 

with the Zone Radius. The Zone radius in order to achieve 

higher throughput should be kept low in range of 2-4 as the 

figures depicted above shows the best performance of ZRP at 

these zone radius. On the other hand, average end to end delay 

is least at high Zone Radius. But this parameter alone cann’t 

be taken as a whole criterion for good performance. Average 

jitter also decreases with the increasing node density. 

Therefore, ZRP is termed as suitable only for a very large 

network so the benefits of both proactive and reactive 

protocols are enjoyed. For future work, the analytical study 

for Optimum Zone Radius will be done to achieve high 

throughput. In this literature, the simulations are done at 

constant pause times and through CBR traffic. For our future 

work, simulations will be done by varying pause time and 

through TCP traffic. 
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