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Abstract: Backgrounds/Objectives: Mobile Ad hoc Networks 

(MANETs) uses mobile nodes which exchange information 

dynamically over wireless links. Routing Protocols are the 

most vital element of MANETs, which are needed to handle 

dynamic communication and also find route. Performance of 

routing protocols is an important issue. In MANETs, due to 

mobility of nodes, the wireless links are highly error prone and 

can go down frequently, interference and less infrastructure. 

The nodes are usually mobiles in MANETs. 

Methods/Statistical Analysis: This research work is carried out 

to compares the efficiency of two of the on-demand routing 

protocols Dynamic Source Routing (DSR) and Temporally 

Ordered Routing Algorithm (TORA) based on its performance. 

Findings:The performance of these two protocols is measured 

by values the of performance matrix of PDR (Packet Delivery 

Ratio), Throughput, End to End Delay, Routing overhead and 

Energy Consumption. These metrics are measured by 

simulation time using mobile nodes. Based on the simulation 

time, the performance of both the protocols are analyzed and 

resulted via its simulation results.Applications/Improvements:  

The other protocols likeWRP for FTP, TELNET and CBR are 

analyzed and compared in future to find the performances. 

Also, some of the hierarchical routing protocols are considered 

to measure its performances. 

 

Keywords: Simulation Results, Routing Protocols, DSR 

protocol, TORA protocol. 

I. INTRODUCTION 

 

Wireless networks are an emerging new technology that will 

allow users to access information and services electronically, 

regardless of their geographic position. A wireless network is 

any type of computer network that uses wireless data 

connections for connecting network nodes. Based on when and 

how the routes are discovered. In table driven routing 

protocols, consistent and up-to-date routing information to all 

nodes is  maintained at each node whereas in on-demand 

routing the routes are created only when desired by the source 

host. The routing protocols meant for wired networks cannot 

be used for mobile ad hoc networks because of the mobility of 

networks. An adhoc routing protocol  is a convention,or 

standard, that controls how nodes decidewhich way 

to route packets between computing devices in a mobile ad hoc 

network. In ad hoc networks, nodes are not familiar with 

the topology of their networks. Instead, they have to discover 

it: typically, a new node announces its presence and listens for 

announcements broadcast by its neighbors. Each node learns 

about others nearby and how to reach them, and may announce 

that it too can reach them. The ad hoc routing protocols can be 

divided into two classes; table-driven and on-demand. In table-

driven routing protocols each node maintains one or more 

tables containing routing information to every other node in the 

network. All nodes update these tables so as to maintain a 

consistent and up-to-date view of the network. In contrast to 

table-driven routing protocols all up-to-date routes are not 

maintained at every node, instead the routes are created as and 

when required. When a source wants to send to a destination, it 

invokes the route discovery mechanisms to find the path to the 

destination. The route remains valid till the destination is 

reachable or until the route is no longer needed. 

 

In on-demand routing protocol finds a route on demand by 

flooding the network with Route Request packets. We focus 

here on on-demand (or reactive) routing protocols for ad hoc 

networks, in which a node attempts to discover a route to some 

destination only when it has a packet to send to that 

destination. On-demand routing protocols have been 

demonstrated to perform better with significantly lower 

overheads than periodic (or proactive) routing protocols 

inmany situations. Since the protocol is able to react quickly to 

the many changes that may occur in node connectivity, yet is 

able to reduce (or eliminate) routing overhead in periods or 

areas of the network in which changes are less frequent. The 

organization of this paper is structured as follows. Section II 

summarizes the previous research works based on DSR and 

TORA protocols. The basic methodology of both DSR and 

TORA are discussed in section III. The simulation results of 

DSR and TORA are discussed in section IV. Finally, section V 

concludes the performance of both the protocols by its values 

of various parameters via its experimental results. 

 

II. RELATED WORKS 

 

The literature of MANET protocols identified several pieces of 

key related works in the field of MANET routing protocols 

which highlight existing protocols as well as the current 

thinking within the field and the directions researchers are 

moving in the future. A Performance Comparison of Routing 

Protocols (DSR and TORA) for Security Issue in MANET 

(Mobile Ad Hoc Networks) is carried out by Rakesh, S. et al. 

in [1]. In this paper, they study the threats an ad hoc network 

faces and the security goals to be achieved. Finally they 

present and examine analytical simulation results for the 

routing protocols DSR and TORA network performance, using 

the well-known network simulator OPNET 10. 0. The 

Dynamic Source Routing Protocol for Mobile Ad Hoc 

Networks (DSR) discussed by   David B.Johnsonet al. in [2]. 

This document specifies the operation of the DSR protocol for 

routing unicast IPv4 packets.Routing and Quality of Service in 

Mobile AdHoc Networks with TORA/INORA.is carried out by 

Dharmaraju, Dinesh in [3].They discuss the improvements in 

https://en.wikipedia.org/wiki/Computer_network
https://en.wikipedia.org/wiki/Network_node
https://en.wikipedia.org/wiki/Node_(networking)
https://en.wikipedia.org/wiki/Routing
https://en.wikipedia.org/wiki/Packet_(information_technology)
https://en.wikipedia.org/wiki/Mobile_ad_hoc_network
https://en.wikipedia.org/wiki/Mobile_ad_hoc_network
https://en.wikipedia.org/wiki/Network_topology
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the performance of TORA by QueryLocalization and to 

remove aspecific traffic instability problem in TORA. They 

also describe theproactive operation of TORA and show by 

simulations that it is generally a good idea to have thegateway 

nodes in a MANET proactively perform route building and 

route maintenance. Improvement of QoS performance in 

MANET by QoS-TORA: A TORA Based QoS Routing 

Algorithm is carried out by Jha, Govind Kumar, Neeraj Kumar 

et al in [4].  In this paper they propose a QoS routing protocol 

based on TORA (QoS-TORA). This protocol provides not only 

multiple routes between a given source and destination but 

also, it selects the optimized route according to applications of 

QoS requirements. Experimental result shows that QoS-TORA 

provides better performance than TORA in terms of packet 

delivery fraction and end to end delay. Experiments are done 

on NS-2 simulator.Performance of AODV Routing Protocol 

with increasing the MANET Nodes and its effects on QoS of 

Mobile Ad hoc Networks discussed by Bagwari et al. in [5]. In 

this paper, they analyzing the performance of reactive routing 

protocol via increasing number of nodes and observing its 

effect on Quality of Service (QoS) of Mobile Adhoc Network. 

The QoS depends upon several parameters like end-end delay, 

throughput, date drop and network load.   Finally, this paper 

conducts simulation experiments in the conditions where we 

can improve QoS of MANET Network performance.Dynamic 

source routing protocol for wireless ad hoc networks in special 

scenario using location information was done by Zhong et al. 

in [6].  In this research work, they propose a modified DSR 

protocol in special scenario and combined this protocol with 

location information. The location information gives local 

information about each node rather than a global one in the 

routing of wireless ad hoc networks. The simulation results 

show that the modified protocol is more efficient than the 

traditional DSR in the two given scenarios. 

 

III. MATERIALS AND METHODS 
 

Mobile ad hoc network’s routing protocols are divided into 

three main categories. These are proactive routing protocols, 

reactive routing protocols and hybrid routing 

protocols.Proactive routing protocol maintains regular and up 

to date routing information about each node in the network by 

propagating route updation at fixed time intervals throughout 

the network, when there is a change in network topology. As 

the routing information is usually maintained in tables, so these 

protocols are also called table-driven protocols i.e. Dynamic 

Source Routing (DSR). Demand protocol isa reactive routing 

protocols that establish the route to a destination only when 

there is a demand for it.  i.e., Destination Sequenced Distance 

Vector (DSDV). Hybrid routing protocols is the combination 

of both proactive and reactive routing protocols  i.e. 

Temporary Ordered Routing Algorithm (TORA)[7]. Proactive 

and reactive algorithms are used to route packets. In this paper 

we have compare MANETs routing protocols from reactive, 

proactive and hybrid categories, as this work used randomly 

one protocol from each categories specifically DSR and 

TORA.  

 

A. Dynamic Source Routing (DSR) 

 

Dynamic source routing protocol (DSR) is an on-demand 

protocol designed to restrict the bandwidthconsumed by 

control packets in ad hoc wireless networks by eliminating the 

periodic table-update messages required in the table-driven 

approach. The basic approach of this protocol (and all other 

on-demand routing protocols) during the route construction 

phase is to establish a route by flooding RouteRequest packets 

in the network. Dynamic Source Routing Protocol is a reactive 

routing protocol and is called on demand routing protocol [8]. 

The destination node, on receiving a RouteRequest packet, 

responds by sending a RouteReply packet back to the source, 

which carries the route traversed by the RouteRequest packet 

received. 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 discoverand maintain routes to arbitrary 

destinations in the ad hoc network. This model for the 

Dynamic Source Routing (DSR) protocol for mobile ad hoc 

networks (MANETs) was developed by Xavier Pallot, Nicolas 

Roux, and Jean-SebastienPegon.  It runs under the 

commercially available OPNET communications system 

simulation software, version 7, and was developed at the 

National Institute of Standards and Technology (NIST) to 

facilitate the development and evaluation of multihop wireless 

networks.  DSR Route Discovery: Route Discovery is a 

mechanism in which a node S which is wishing to send a 

packet to a destination node D obtains a source route to D. The 

route Discovery is used only when S Tries to send a packet to 

D but does not already know a route to D. 

 

 
Figure1:Route Discovery Examples: Node A is the initiator, 

and node E is the target 

 

Figure 1 illustrates an example Route Discovery, in which a 

node A is attempting to discover a route to node E. To initiate 

the Route Discovery, A transmits a ROUTE REQUEST 

message as a single local broadcast packet, which is received 

by approximately) all nodes currently within wireless 

transmission range of A. Each ROUTE REQUEST message 

identifies the initiator and target of the Route Discovery, and 

also contains a unique request id, determined by the initiator of 

the REQUEST. Each ROUTE REQUEST also contains a 

record listing the address of each intermediate node through 

which this particular copy of the ROUTE REQUEST message 

has been forwarded. This route record is initialized to an empty 

list by the initiator of the Route Discovery. 

 

Route Maintenance is anothermechanism by which a node S is 

capable to detect, while using a source route to D,while the 

network topology has been changed such that it can no longer 

utilizeits route to D asa link along with the route no longer 

works. When Route Maintenance specifies a source route has 

been broken, S can attempt to employany other route 

whichhappens to know to D, or mayinvoke the Route 

Discovery again to discovera new route. The Route 
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Maintenance is used only when S is reallysending packets to 

D. 

 
Figure 2: DSR Route Maintenance 

 

When originating or forwarding a packet using a source route, 

each node transmitting the packet is responsible for confirming 

that the packet has been received by the next hop along the 

source route; the packet is retransmitted (up to a maximum 

number of attempts) until this confirmation of receipt is 

received. For example, in the situation illustrated in Figure 2, 

node A has originated a packet for E using a source 

routethrough intermediate nodes B , C , and D . In this case, 

node A is responsible for receipt of the packet at B ,  node B is 

responsible for receipt at C, nodeC is responsible for receipt at 

D, and node D is responsible for receipt finally at the 

destination E. 

 

B. Temporally Ordered Routing Algorithm  

 

The Temporally Ordered Routing Algorithm (TORA) is a 

highly adaptive, efficient and scalable distributed routing 

algorithm based on the concept of link reversal[9]. TORA is 

proposed for highly dynamic mobile, multihop wireless 

networks. It is a source-initiated on-demand routing protocol. It 

finds multiple routes from a source node to a destination 

node.TORAis designed to minimize the communication 

overhead associated with adapting to network topological 

changes. The aim of TORA's control messaging is typically 

localized to a very small set of nodes near a topological 

change.  To achieve this, the nodes maintain routing 

information about adjacent nodes[10].  

 

The basic function of this protocol has  Route creation, Route 

maintenance, and Route erasure.The first three elements 

collectively called the reference level. Due to a link failure, a 

new reference level is defined for its  node loses at each 

time[11]. The rest of the  values  define a data with respect to 

the reference level. The TORA attempts to achieve a high 

degree of scalability using a "flat", non-hierarchical routing 

algorithm. In its operation the algorithm attempts to suppress, 

to the greatest extent possible, the generation of far-reaching 

control message propagation. TORA builds and maintains 

a Directed Acyclic Graph (DAG) rooted at a destination. No 

two nodes may have the same height. 

 

The key design concepts of TORA is localization of control 

messages to a very small set of nodes near the occurrence of a 

topological change. Route creation TORA supports multiple 

routes between source and destination and it does not require a 

periodic update, consequently communication overhead and 

bandwidth utilization is minimized. It also provides the 

supports of link status sensing and neighbor delivery, reliable, 

in-order to control packet delivery and security authentication.  

Performance Metrics: For MANET simulation, there are many 

performance metrics which are used to analysis the various 

proposals . In this paper, some performance metrics evaluate 

routing protocols in all significant aspects. Packet Delivery 

Ratio:Packet delivery ratio is the ratio of number of packets 

received at the destination nodes to the number of packets sent 

from the source nodes . The performance is better when packet 

delivery ratio is high.Network Life Time:Network life time is 

the time when a node finished its own battery for the first time. 

The performance is better when network life time is high. 

System Life Time: System life time is the time when 20% of 

nodes finish their own battery.  

 

The performance is better when system life time is 

high[12].End-to-End Delay:End-to-end delay is the average 

time delay for data packets from the source node to the 

destination node[13]. To find out the end-to-end delay the 

difference of packet sent and received time was stored and then 

dividing the total time difference over the total number of 

packet received gave the average end-to-end delay for the 

received packets. The performance is better when packet end-

to-end delay is low.Routing Overhead: Outing overhead is the 

total number of control or routing (RTR) packets generated by 

routing protocol during the simulation[14]. All packets sent or 

forwarded at network layer is consider routing overhead. The 

performance is better when routing overhead is low. 

Throughput: It is the rate of successfully transmitted data 

packets per second in the network during the simulation. 

 

Table 1: Comparison of two routing protocols 

 

METRICS DSR TORA 

scalability 3 1 

delay 2 4 

Routing overhead 1 3 

Packet drop 2 3 

Route acquicition time 4 3 

throughput 2 4 

Bandwidth conservation 3 2 

Energy conservation 1 3 

 

IV. EXPERIMENTAL RESULTS 

 

Because of the complex nature of the MANETs, their 

simulation is a very challenging issue.Formally speaking, no 

network simulator is accurate. At best a simulator can be said 

to be dependable and realistic. Researchers who drastically 

need accuracy will want to conduct their experiments on the 

real devices, using testbeds. But, most of the simulation results 

depend on the mobility nodes. The experiment of this research 

work is implemented using network simulator NS2. Totally 48 

nodes are given to find the performance metrics PDR (Packet 

Delivery Ratio), Throughput, End to End Delay, Routing 

overhead and Energy Consumption.  

 

A. DSR Simulation results 

 

A table of performance metric values with respect to 

simulation time 5, 10, 15, 20 and 25 seconds was created and 

shown in table 2.The Diagram represents performance metrics 

of DSR Vs Simulation time. Figure(a) illustrates the results of 

Packet Delivery Ratio with Simulation time, taking Simulation 

time along the X-axis and Packet Delivery Ratio along the Y-

axis.  

https://en.wikipedia.org/wiki/Scalability
https://en.wikipedia.org/wiki/Directed_acyclic_graph
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a) Packet Delivery Ratio 

 

 
b) End to End Delay 

 

 
c) Routing Overhead 

 
d) Throughput 

 

In this initially there is less packet loss but the number of 

packet received decreases according to simulation time; it 

means generated packets are being received at a moderate ratio 

by the nodes. As the simulation time increases the packet loss 

increases substantially. Figure (b) shows the results of End to 

End Delay with Simulation time, taking Simulation time along 

the X-axis and End to end delay in the Y-axis. This graph 

indicates End to End Delay in ms. 

Table 2: DSR – Simulation Time 

 

Values PDR E2E 
Rout- 

over-head 

Through 

put 
Egy-consump 

5 0.8672 60.362 0.550 241.27 17.5.44 

10 0.8786 52.0405 0.202 227.82 28.2288 

15 0.8811 45.130 0.107 207.75 43.6716 

20 0.8684 170.421 0.327 271.76 70.5246 

25 0.7705 65.1207 1.081 201.57 81.3274 

 

 
e) Energy Consumption 

 

Figure 3: Performance Metrics in DSR Vs Simulation Time 

 

In this the delay is more when the simulation time is 20s and 

the delay reduces as the simulation time increases. Figure (c) 

illustrates the results of Route Overhead with Simulation time, 

taking Simulation time along the X-axis and Route Overhead 

along the Y-axis. In this Route Overhead decreases at 15sec 

and gradually increases as simulation time is increased. Figure 

(d) illustrates the outcome of Throughput with Simulation 

time, taking Simulation time along the X-axis and Throughput 

in the Y-axis. This graph shows Throughput in kbps. Here the 

Throughput behaves irregularly less at 15 s and high at 20s and 

once again reduces at 25s. Figure (e) illustrates the results of 

Energy Consumption with Simulation time, taking Simulation 

time along the X-axis and Energy Consumption in Y-axis. The 

unit is in joules which increase as simulation time increases. 

 

 
a) Packet Delivery Ratio 

 

B. TORA Simulation results 

 

A table of performance metric values with respect to 

simulation time 5, 10, 15, 20 and 25 seconds was created and 

shown in table 3.The Diagram represents performance metrics 

of TORA Vs Simulation time. Figure (a) illustrates the results 

of Packet Delivery Ratio with Simulation time, taking 

Simulation time along the X-axis and Packet Delivery Ratio in 
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the Y-axis. This graph shows about PDR which is very poor. 

There is always very high packet loss i.e. the number of packet 

received decreases according to simulation time. As the 

simulation time increases the packet loss increases 

substantially. Figure (b) shows the results of End to End Delay 

with Simulation time, taking Simulation time along the X-axis 

and End to End Delay in the Y-axis. This graph indicates End 

to End Delay in ms. the delay is more when the simulation 

time is 15s and the delay reduces as the simulation time 

increases. 

 

 
b) End to End Delay 

 

 
c) Routing Overhead 

 
d) Throughput 

Figure 4(c) illustrates the results of Route Overhead with 

Simulation time, taking Simulation time along the X-axis and 

Route Overhead along the Y-axis. In this Route Overhead 

increases at 20sec and gradually decreases as simulation time 

is increased. 

Table 3: TORA – Simulation Time 

 

Values PDR E2E 

Rout-

Over-

Head 

Through 

put 

Egy-

Consump 

5 0.5628 347.107 51.541 1411.85 30.7262 

10 0.1807 757.3 164.064 2583.80 85.3607 

15 0.1682 956.41 168.102 2521.31 87.157 

20 0.1852 767.340 151.108 2651.01 68.089 

25 0.2103 564.765 134.544 2854.21 40.824 

 
e) Energy Consumption 

 

Figure 4: Performance Metrics in TORA Vs Simulation Time 

 

Figure (d) illustrates the effect of Throughput with Simulation 

time, taking Simulation time along the X-axis and Throughput 

in the Y-axis. This graph shows Throughput in kbps. Here the 

throughput behaves irregularly high at 10s and less at 15s and 

high at 20s and less at 25s. In overall TORA has high 

throughput value. Figure (e) illustrates the results of Energy 

Consumption with Simulation time, taking Simulation time 

along the X-axis and Energy Consumption in the Y-axis. This 

graph shows the Energy Consumption in joules which 

increases as simulation time increases. 

 

V. CONCLUSION 

 

In this research work, a comparison of two on-demand ad hoc 

routing protocols (DSR and TORA)is carried out in different 

aspects.The major performance metrics are throughput, packet 

delivery ratio, energy consumption and route overhead. These 

metrics are tested by varying the number of nodes, network 

speed and pause time applying FTP traffic. As shown in this 

detailed simulation results and in the implementation of the 

protocol in a simulated ad hoc network, DSR has very low 

routing overhead and is able to correctly deliver almost all 

originated data packets, even with continuous, rapid motion of 

all nodes in the network. A key reason for this good 

performance is the fact that DSR operates entirely on demand 

with no periodic activity of any kind required at any level 

within the network. However,the performance of TORA is 

better in throughput regarding network density and pause time 

via its simulation results.The other routing protocols of both 

table-driven and on-demand are analyzed based on its 

performance of various measures in future. Also, some other 

parameters like route discovery and route maintenance are 

taken for further analysis. 
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