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ABSTRACT 

Ad hoc networks are temporary networks with a dynamic 

topology which doesn’t have any established infrastructure or 
centralized administration. These networks need efficient routing 

protocols in terms of Quality of Services (QoS) metrics. In this 

paper we present performance comparisons of the DSDV, AODV, 
DSR and TORA routing protocols with respect to weighted path 

optimality, average end-to-end delay, load balancing capability, 
and average jitter. In comparison to previous works, we use a 

wide range of different movement and communication scenarios 

which are characterized by the pause time, mobility, and the 
number of nodes to cover many issues and finding benefits and 

drawback of these protocols in different situations especially in 

extreme emergency cases as described in the EU-FP7 PEACE 
project. 

Categories and Subject Descriptors 
C.2.2 [Network Protocols]: Routing protocols. 

General Terms 
Algorithms, Measurement, Performance. 

Keywords 
Mobile Ad hoc Networks, Routing Protocol, Quality of Services 

1. INTRODUCTION 
Nodes in ad hoc networks operate not only as a transceiver but 

also as a router and forward packets for other mobile nodes in the 
network that may not be within direct transmission range of each 

other [1]. In this paper simulation results of comparisons between 

four routing protocols in mobile ad hoc networks (DSDV, AODV, 
DSR, and TORA) in terms of  weighted path optimality, average 

end-to-end delay, traffic balancing capability, and average jitter 

are given, when topology of network is changing and considering 
parameters like pause time, number of nodes, and nodes mobility. 

In comparison to the related previous papers on this subject, here 

we use a wide range of different movement and communication 

scenarios which are characterized by the pause time, mobility, and 

the number of nodes to cover many issues and finding benefits 
and drawback of these protocols in different situations. 
 

2. PREVIOUS WORKS 
Routing in ad hoc networks is a very challenging issue due to 

nodes mobility, dynamic topology, frequent link breakage, 

limitation of nodes (memory, battery, bandwidth, and processing 
power), and lack of central point like base stations or servers. On 

the other hand, there are a lot of performance metrics and quality 
services which should be satisfied in an ad hoc network like End-

to-end data throughput, average end-to-end data delay, jitter, 

packet loss ratio, Normalized Routing Load(NRL), Packet 
Delivery Ratio(PDR), and path optimality. Each protocol can 

satisfy some of these metrics and has some drawbacks in terms of 

other metrics. Furthermore, due to the nature of ad hoc networks 
(distributed and cooperated routing), even for a fixed metric, each 

protocol can show a different performance with different networks 

features like number of mobile nodes, mobility of nodes, and 
pause time (pause time is introduced in section 5). So by 

comparing between different ad hoc routing protocols we can 

extract very important information about the performance of these 
protocols in different situations. 

In related works, the performance of some protocols like DSDV 

[2] and AODV [3] are analyzed individually and some other multi 
hop protocols are compared together [4,5], but this paper presents 

an extensive performance comparison between all these flat 

routing protocols (DSDV, AODV, DSR, and TORA). 
Furthermore, where most of previous works focused on some well 

known metrics like delay, PDR, path optimality, and NRL, this 

paper not only considers the average end to end delay and 
weighted path optimality, but also presents performance 

comparison of two other important metrics: jitter and traffic load 

balancing. Additionally, most of the related papers on 
performance comparison are limited to one future of ad hoc 

network like number of mobile nodes in network [6,7] or pause 

time [1,8], but this paper considers different features of ad hoc 
networks like pause time, number of mobile nodes in networks, 

and mobility of nodes simultaneously.  

3. DESCRIPTION OF PROTOCOLS 
Flat routing approaches adopt a flat addressing scheme and all 

nodes participating in routing play an equal role. Flat routing 

schemes are classified in two classes: Proactive and Reactive. 
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Proactive protocols attempt to find and maintain consistent, up-to-

date routes between all source-destination pairs regardless of the 

use or need of such routes; here routing techniques are either link-
state or distance vector. But in reactive protocols routes are 

created only when a source node request them and data 

forwarding is accomplished according to source routing or hop-
by-hop routing [2]. 

3.1 Destination Sequenced Distance Vector  
DSDV is a proactive table-driven protocol based on the classical 

Bellman-Ford algorithm. All nodes try to find all paths to possible 

destinations nodes in a network and the number of hops to each 
destination and save them in their routing tables. New route 

broadcasts contain the address of destination, the number of hops 

to reach the destination, the sequence number of the information 
receive regarding the destination, as well as a new unique 

sequence number for the new route broadcast. [2]. 

3.2 Dynamic Source Routing  
DSR is a reactive (On demand) source routing protocol. Route 

Discovery process is based on flooding the network with route 
request (RREQ) packets. Every mobile host that receives a RREQ 

packet checks the contents of its route cache, and if it is the 

destination it replies to the RREQ with a route reply (RREP) 
packet that is routed back to the original source; the RREQ is 

propagated till the destination. [3]. 

3.3 Ad Hoc On-demand Distance Vector  
AODV, which is a hop-by-hop reactive (On demand) routing 

protocol, combines DSR and DSDV mechanisms for routing, by 

using the on-demand mechanism of routing discovery and route 
maintenance from DSR and the hop-by-hop routing and sequence 

number from DSDV. For each destination, AODV creates a 

routing table like DSDV, while DSR uses node cache to maintain 
routing information [4]. 

3.4 Temporally Ordered Routing Algorithm  
TORA is a highly adaptive loop-free distributed routing algorithm 

based on the concept of link reversal and applies a reactive (On 

demand) source routing scheme. The key design concept of 
TORA is the localization of control messages to a very small set 

of topological changes by performing three basic functions: Route 

creation, Route maintenance, and Route deletion. All nodes in 
TORA use a “height” metric to establish a direct acyclic graph 

(DAG) rooted at the destination [5]. 

4. NUMERICAL RESULTS 

4.1 Performance Metrics 

4.1.1 Weighted Path Optimality 
Weighted Path Optimality (WPO), which is introduced in [1], 

shows how much a path which is selected by a routing protocol is 

optimized in terms of the difference between the number of hops a 
packet took to reach its destination and the length of the shortest 

path that physically existed through the network.  
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Where WPO stands for weighted path optimality, AL(i) is the 

actual length of the path i that was taken by the protocol, SL(i) is 

the length of the shortest path that existed physically when path i 

was selected by the protocol, SPZ(i) is the sum of data packets 

that had been transferred through path i, and N is the number of 
all paths (from the start of the simulation to its end). 

4.1.2 Average end-to-end delay 
End-to-end delay includes all possible delay caused by buffering 
during route discovery latency, transmission delays at the MAC, 

queuing at interface queue, and propagation and transfer time [1]. 

For packet j which was sent by source node i and received 
successfully at destination node, end-to-end delay is: 

           End-to-end delayij = Start_timeij - End_timeij 

Where Start_timeij  is the time when the sending of packet j at 
node i starts, End_timeij  is the time when packet j, sent by node I, 

is received successfully at the destination node.   

 

Table 1. Parameters of movement and communication model 

Movement model I, characterized by pause time. 

Topology area 700m × 700m 

Maximum mobility of nodes 30 m/s 

Pause time 1..100 

Number of nodes 40 

Simulation time 100s 

Movement model II, characterized by number of mobile nodes 

Topology area 700m × 700m 

Maximum mobility of nodes 30 m/s 

Pause time 50s 

Number of nodes 10…60 

Simulation time 100s 

Topology area 700m × 700m 

Movement model III, characterized by node mobility 

Maximum mobility of nodes 0m/s…40m/s 

Pause time 50s 

Number of nodes 40 

Simulation time 100s 

Topology area 700m × 700m 

Parameters of communication model 

Traffic sources CBR 

Data packets size 512 bytes 

Sending rate 8 packets/second 

Maximum connection 10 

 

4.1.3 Traffic Load Balancing 
Nodes in ad hoc networks can be unfairly burdened to support 

many packet-relaying functions, resulting in excessive loads on 
these hot spots. Unbalanced traffic may lead to more delay, packet 

dropping, and decreasing packet delivery ratio (PDR). First we 

should compute Load(i) for each node i in the network and then 
the standard deviation of these load values will be our metric for 

traffic load balancing of protocols. The smaller standard deviation 

will show better load balancing capability of protocol. 
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Where Packet_sizeij is the size of packet j forwarded by node i, Mi 

is the number of packets that node i have forwarded, and N is the 
number of network’s nodes. 

4.1.4  Jitter 
Jitter metric, which is used in this paper, is a quantifier of the 
changeability over time of the packet latency across a network and 

can be a measurement for the quality of a communication (like a 

voice or video call). A zero jitter shows a very high quality 
communication without any latency. In a specific stream of 

packets, at Si the sender sent packet i and the receiver received it 

at Ri. So the jitter of packet i is:  

Ji  =  | (Ri+1 -  Ri ) - ( Si+1 - Si) | = | (Ri+1 - Si+1) - (Ri - Si) |        (3) 

We have M streams of packets between sender and receiver nodes 

during the entire simulation time and by each stream N packets 

will be transferred.  

4.2 RESULTS 
The simulation results presented in this paper were obtained using 
the ns-2 simulator [9]. The required parameters for simulation 

(like Random Waypoint for moving model) are similar to previous 

works in previous papers [1, 5] and NS-2 tested default values. 
The movement scenario files we used for each simulation are 

categorized into three different groups based on pause time, 

number of mobile nodes, and maximum node mobility. Table 1 
lists parameters of three movement models and one 

communication model. 

4.2.1 Weighted Path Optimality (WPO) 
Figures 1, 2, and 3 highlight the performance of four protocols 

with respect to weighted path optimality metric. The closer the 

value to zero, the better the weighted path optimality. As 
mentioned in section 2, DSDV employs Bellman-Ford algorithm 

to find the shortest path between source node and destination 

node. Hence DSDV performs particularly well regardless of 
changes in the number of nodes (figure 1) or pause time (figure 2) 

or mobility ratio (figure 3). Figures 1, 2, and 3 reveal that DSDV 

has the best performance of the four protocols; DSR, AODV, and 
TORA follow, in terms of performance, respectively. 

4.2.2 Average end-to-end delay 
End-to-end delay of data packets includes all possible delay 
caused by buffering during route discovery latency, transmission 

delays at the MAC, queuing at interface queue, and propagation 

and transfer time [1]. Among the four protocols, DSDV has the 
shortest average end-to-end delay. DSDV is a proactive protocol 

and the advantage of these protocols is that a path to a destination 

is immediately available, so no delay for route discovery is 
experienced when an application needs to send a packet. In 

addition, as can be understood from the presented in section 2, in 

reactive protocols, AODV is a hop by hop initiate protocol while 
DSR is a source routing protocol. The source routing protocols 

have longer delay because their route discovery takes more time 

as every intermediate node tries to extract information before 
forwarding the reply.  
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Figure 1. Weighted path optimality vs. no. of nodes 
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Figure 2. Weighted path optimality vs. pause time 
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Figure 3. Weighted path optimality vs. mobility     
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Figure 4. Average delay vs. no. of nodes 



And the same thing happens when a data packet is forwarded hop 

by hop through the path by source routing method. Hence, while 

source routing makes route discovery more profitable, it slows 
down the transmission of packets. This is the reason why AODV 

performs better than two other reactive protocols in general. 

Although simulation results demonstrate good performance of 
DSDV and AODV with changing the number of network’s nodes 

(figure 4), pause time (figure 5) and mobility ratio (figure 6), but 

poor performance of DSR. TORA has the worst performance 
among protocols as shown in figures 5 and 6. On the other hand, 

increasing the node number of networks does not greatly affect 

TORA with respect to average end-to-end delay (figure 4). 

4.2.3 Traffic Load Balancing 
In this section results of simulations are presented in terms of load 

balancing. As the number of network’s nodes increases, the 
performance of all four protocols improves. This can be due to 

formation of more paths through nodes and participation of more 

nodes in routing (figure 7). With more mobility ratio, more links 
will be disconnected and the stability of the paths will decrease. 

This pattern results in decreasing delivery ratio and as a result, 

fewer sample point. This, in turn, leads to a reduction in the 
standard deviation of network’s load (figure 9). Increasing pause 

time leads to fewer network’s topology changing and so the 

selected paths by the protocols will be more stable. Therefore, 
protocols tend to use particular nodes (through these paths). This, 

in turn, leads to more loads on these nodes and, consequently, 
more standard deviation of network’s load (figure 8). DSDV is a 

proactive protocol and focuses on the shortest paths which are 

computed from the resulting tables recorded in nodes; DSV 
employs only those nodes which are through these paths. 

Consequently DSDV has the worst performance in all three 

diagrams of figure 7, 8, and 9. 

4.2.4 Average jitter 
Here each protocol’s curves fluctuate around some similar values 

regardless of any change in number of nodes (figure 10), pause 
time (figure 11), and mobility (figure 12). DSR, TORA, AODV, 

and DSDV average jitters are spread around 80, 50, 30, and 10 

msec respectively. Average jitter of DSDV is approximately 10 
msec, which is a relatively low and, therefore, proper value. As a 

guideline, 30 msec matches a single frame time in a full-motion 

video stream, or a little over the acceptable level of jitter for an 
audio stream. DSR has the worst average jitter. 

5. CONCLUSION  
This paper presents performance study of ad hoc routing protocols 
using a variety of workload such as pause time, mobility, and 

number of nodes. Four protocols - DSDV, AODV, DSR, and 

TORA - are compared with respect to some metrics. In 
comparison to the previous works, we use a wide range of 

different movement and communication scenarios which are 

characterized by the pause time, mobility, and the number of 
nodes. So a lot of useful information about benefits and 

drawbacks of these protocols in different situations are extracted. 

We used the standard deviation of load values on network nodes 
to compare protocols in terms of load balancing metric.  
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Figure 5. Average delay vs.  pause time 
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 Figure 6. Average delay vs. mobility  
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Figure 7. Load balancing vs. no. of nodes 
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Figure 8. Load balancing vs. pause time 
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Figure 9. Load balancing vs. mobility 
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Figure 10. Average jitter vs. no. nodes 
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Figure 11. Average jitter vs. pause time 
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Figure 12. Average jitter vs. mobility 

Also path optimality, delay, and average jitter of these protocols 

are compared. Each of the protocols studied performs well in 

some cases yet has certain drawbacks in others. DSDV performs 
very well in weighted path optimality while TORA has the worst 

performance. We observed that DSDV and AODV have the best 

performance in terms of average end to end delay. DSR has the 
best performance with respect to load balancing. DSDV has the 

best average jitter; AODV, TORA, and DSR follow.  

For future work, other ad hoc routing protocols like hierarchical 
or multicast can be selected. The simulations presented in this 

paper are in a 700×700m topology area however a smaller (like 

300×300m) or bigger (like 1500×300m) topology area may shows 
more and new interesting results. Other ad hoc networks like 

velocity of nodes can be tested in future works. 
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