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Abstract
The Mobile Ad Hoc Network (MANET) is a multihop infrastructure 
less wireless network composed of mobile nodes. Routing is the 
challenging task in MANET because of dynamic topology, absence 
of centralized control, power constrained nodes, etc. Ad-hoc On-
demand Distance Vector (AODV) and Dynamic Source Routing 
(DSR) are the two popular routing protocols of MANET. The 
AODV and DSR protocols are analyzed using various simulators 
like NS2, OPNET, QualNet, OMNet, etc. A little work is done 
towards the analysis of AODV and DSR using NCTUns 6.0 
simulator and one important performance parameter, mobility, is 
not considered. This paper is a study of mobility impact on the 
performance of AODV and DSR using NCTUns 6.0 simulator.
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I. Introduction
Mobile Ad-Hoc network (MANET) [1-3] is a wireless network of 
mobile nodes that can be formed on a temporary basis. No prior 
infrastructure is required to set up the MANET. The topology of 
MANET changes dynamically as the nodes are moving constantly 
from one place to another. In contrast to the wired networks, 
there is no centralized control present in MANET to perform 
various networking functions like routing, security, etc. Each 
node in the MANET acts as a host and router. If the node is a 
source or destination, then it will act as a host otherwise the node 
behaves as a router to forward the packets on behalf of source 
or destination.
Routing is an important networking function that finds a 
communication path from source node to destination node to 
transfer the packets. Routing protocols designed for the traditional 
wired networks are not applicable directly in the MANET because 
most of them assume the fixed topology but the MANET has 
dynamic topology and also various characteristics of MANET 
make the design of routing protocol as a challenging task. Basically 
there are two approaches to design a routing protocol for MANET: 
one is to modify the wired network routing protocol for MANET 
and the other is to design a completely new routing protocol. 
Several routing protocols are proposed so far in the literature for 
the MANET using these two approaches. All the routing protocols 
of MANET can be classified into various categories based on 
different criteria such as what routing information is exchanged, 
when and how the routing information is exchanged, when and 
how routes are computed and so on.
One popular classification of routing protocols is that any routing 
protocol of MANET falls into anyone of three groups: proactive, 
reactive and hybrid. In the proactive routing, a path is established 
prior to data transfer between each pair of nodes in the network 
and the path is maintained as long as the network exists and even 
though there is no data transfer through that path. On the other 
hand, a reactive routing protocol discovers a path between a pair 
of nodes only when there is data transfer between them and the 
path will be destroyed when the data transfer completes. Finally 
the hybrid routing approach is the combination of best features 

of both proactive and reactive routing methods.
AODV [4-5] and DSR [6-7] are two popular reactive routing 
protocols. These protocols are analyzed using various simulators 
like NS2, Qualnet, Opnet, Omnet, Glomosim, etc. A little work is 
done towards the analysis of AODV and DSR using NCTUns 6.0 
simulator[8] and one important performance parameter, mobility, 
is not considered. This paper is a study of mobility impact on the 
performance of AODV and DSR using NCTUns 6.0 simulator. 
Each protocol has its own merits and demerits so it cannot be 
declared that a routing protocol is always better than other one. 
This paper analyzes the performance of AODV and DSR in 
different mobility scenarios to determine which protocol gives 
better performance in which condition.
This paper is organized as follows: Section 2 presents the 
background knowledge on DSR and AODV. The related work 
on analyzing these protocols is described in section 3. Simulative 
analysis of DSR and AODV is presented in section 4. Finally, 
section 5 concludes the paper.

II. Background Knowledge
Several routing protocols are developed for the MANET. The 
MANET has dynamic environment and no single protocol gives 
satisfactory results in all conditions of the network. In fact, each 
routing protocol is designed with a few constraints and applicable 
in a particular environment of the network. Designing a routing 
protocol for the MANET is really a challenging task. AODV and 
DSR are the two popular routing protocols for MANET.

A. Ad-Hoc On-demand Distance Vector
AODV is a reactive routing protocol that includes two important 
steps: route discovery and route maintenance.

1. Route Discovery
The route discovery process is initiated whenever a source node 
wants to transmit data to the destination and it has no valid routing 
information. Here, each node maintains two separate counters: < 
node sequence number and broadcast id >. AODV borrows the 
concept of sequence number from DSDV protocol to determine 
the freshest route in the network. Broadcast id is initiated by the 
source node and it is incremented when broadcast starts from the 
node. The source node initiates route discovery by broadcasting 
a route request (RREQ) packet to its neighbors. Fig. 1 represents 
the flow of RREQ in the network from source to the destination 
node. The contents of RREQ packet are: <Source IP address, 
source sequence number, broadcast id, destination IP address, 
destination sequence number, hop count>. The pair <source IP 
address, broadcast id> uniquely identifies a RREQ. Whenever 
a node receives multiple copies of RREQ from the different 
intermediate nodes, it keeps the first RREQ packet and ignores 
all other RREQs. The intermediate node can reply to the source 
node if it has a route to the destination with equal or greater 
sequence number than the destination sequence number in the 
RREQ packet. The routing path can be established in two steps: 
reverse path set up and forward path setup. The reverse path is 
established with the propagation of the route reply packets (RREP) 
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in the network from the destination to the source node. When the 
RREQ is sent in the network, the intermediate nodes forward the 
RREQ after increasing the number of hops in the RREQ packet 
by one and also they record the address of the node from which 
they receive the first RREQ packet.

Fig. 1: AODV RREQ Propagation

Once the RREQ is reached at the destination node, the eligible 
intermediate nodes as well as the destination node propagate RREP 
from the destination to the source. Once the RREP reaches the 
source node, it establishes the reverse path. Figure 2 shows the 
propagation of RREP in the network from destination to the source 
node. The content of RREP is: < Destination IP address, source 
IP address, number of hops, expiration time, destination sequence 
number>. The reverse path routing information is maintained only 
till the reverse path is established and this duration is represented 
by the expiration time. Once the reverse path is established, the 
forward path is established by the means of RREP propagation as 
the intermediate nodes record the address of the previous nodes in 
reverse path from destination to source node in a similar manner 
as the reverse path setup.

2. Route Maintenance
The route from source node to destination is affected by the 
movement of active nodes lying on that path. If the source node 
moves during an active session, it can reinitiate the route discovery 
procedure. On the other hand, when the destination or some 
intermediate node moves, the communication link fails. So, to 
handle the link failure problem, the node that detects unreachable 
node or broken link, sets infinity as number of hops in RREP and 
also attach the link failure notification message (RERR) to each 
of its active upstream neighbor on underlying path. Once RERR 
reaches the source, it reinitiates the route discovery procedure. 
Local connectivity among the nodes can be maintained with 
the help of periodic broadcasting of HELLO messages but this 
increases traffic overhead in the network.

Fig. 2: AODV RREP Propagation

(i). Limitations of AODV 
Requirement on broadcast medium: The algorithm expects/• 
requires that the nodes in the broadcast medium can detect 
each others’ broadcasts. 
Overhead on the bandwidth: Overhead on bandwidth will • 
be occurred compared to DSR, when an RREQ travels from 
node to node in the process of discovering the route info on 
demand, it sets up the reverse path in itself with the addresses 
of all the nodes through which it is passing and it carries all 
this info all its way. 
No reuse of routing info: AODV lacks an efficient route • 
maintenance technique. 
The routing info is always obtained on demand, including • 
for common case traffic [9].

B. Dynamic Source Routing
DSR is an on-demand routing protocol that is based on the concept 
of source routing. Source routing represents that the source has the 
knowledge of entire route to the destination before transmitting 
data. Here, the entire hop sequence till the last traversed node is 
carried in the route record which is attached to the route request 
packet header. Also, each node maintains a route cache where it 
records all possible learned routes from itself in the MANET. The 
protocol performs operation in two main steps: Route discovery 
and Route maintenance.

1. Route Discovery
Route Discovery is initiated whenever a source node desires a 
route to the destination and it does not have a valid hop sequence 
in its route cache. If it finds a valid hop sequence in its route 
cache then, it simply sends the data along that path. otherwise, 
it broadcasts  the route request message (RREQ) in the network 
that comprises: <Source IP address, destination IP address, request 
identification number>. The request identification number is 
unique for each request and is initiated by the source node when 
it broadcasts a new request. Both request identification number 
and source IP address uniquely identifies the request. When an  
intermediate node receives RREQ, it first searches its route cache 
for route to destination and if no route is found, it appends its 
own address to the route record of the RREQ and then broadcast 
it in the network. In order to minimize the RREQ in network, the 
intermediate or destination node discards the duplicate RREQ 
identified by the same request identification number and common 
source. The RREQ message propagates through the network until 
it reaches either the destination node or an intermediate node that 
has a valid route to the destination in its route cache.
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The destination or intermediate node, initiates the route reply 
(RREP) message back to the source node along the same hop 
sequence found in the route record of RREQ but, in reverse order. 
The destination node can directly attach the entire hop sequence 
from the source to the  destination present in route record of RREQ 
to the RREP and sent it back but, the intermediate node that has 
a direct route to the destination, appends that route from its route 
cache to the hop sequence in the route record of RREQ thereby 
combining them to have the entire hop sequence from source to 
the destination node and sends it back to source. Figure 3 shows 
the formation route record as RREQ propagates in the network.
fig. 4, represents the propagation of RREP that carries the entire 
hop sequence. Once RREP reaches the source node, it learns the 
entire hop sequence to the destination. Once path is known, the 
data can be transmitted but, it needs to be maintained against 
link failure.

2. Route Maintenance
Route Maintenance is done by the propagation of route error 
packets (RERR). When an active node detects the link failure, 
it propagates the route error message to its upstream neighbors 
along the reverse path till it reaches the source node. When a route 
error packet is received by the intermediate or the source node or 
when it detects link failure, the node truncate that unreachable 
hop entry along with all the routes containing that hop, from its 
route cache. HELLO messages and acknowledgment messages 
can also be used to verify the correct operation of the router links 
or to maintain the local connectivity in an Ad - Hoc network.

Fig. 3: RREQ in DSR

Fig. 4: RREP in DSR

(i). Limitations of DSR
The limitation of DSR protocol is that this is not scalable to • 
large networks. 
It even requires significantly more processing resources than • 
most other protocols.

III. Related Work
A huge number of research studies analyzed the performance of 
AODV and DSR with respect to various metrics like throughput, 
delay, overhead, jitter, etc. A few papers are analyzed and presented 
in Table 1.
This paper analyzes the performance of AODV and DSR with 
respect to the control parameter mobility which is an important 
characteristic of MANET, by using the simulator NCTUns 6.0. The 
performance metrics considered in this paper are packet delivery 
ratio, average end-to-end delay, and routing overhead.

IV. Simulation and Comparison 
The Simulations were carried out using NCTUns 6.0 Network 
Simulator [8] from Simreal Technologies and released in 2009. 
NCTUns 6.0 is an open source and linux based network simulator 
and emulator. It uses a novel kernel re-entering simulation 
methodology. It directly uses the Linux’s TCP/IP protocol 
stack. It can use any real-life existing or to be developed UNIX 
application program as a traffic generator program. It can simulate 
fixed Internet, Wireless LANS, Mobile Ad Hoc Networks, GPRS 
Networks and Optical Networks. It provides a highly-integrated 
and professional GUI environment.

A. Simulation Setup
Simulation setup used for analysis of AODV and DSR is shown 
in Table 2. 
The  nodes participating  in  the  simulation  are  wireless  Ad hoc  
nodes  with IEEE  802.11(b)  standard. Among 50 nodes, 5 pairs 
of nodes are selected for communication. To get realistic results, 
5 different scenarios are considered and in each scenario, both 
protocols are analyzed with identical environment. Each scenario 
is simulated 5 times for each protocol with pause time varying from 
0 to 100, having a total of 50 simulations. The screenshots of node 
editor and a scenario are shown in fig. 5 and 6 respectively.

Table 2: Simulation Setup
Simulation Parameter Value
Terrain range 1000 m X 1000 m
Simulation time 100 seconds
Number of nodes 50
Node initial position random
Mobility model Random waypoint
Maximum Speed 10 meters/sec
Pause time 0, 25,50,75,100 sec
Traffic type CBR
Traffic source UDP
Packet size 1400 bytes
Antenna type Omni directional
Queue length 50 packets (FIFO)
Path loss model Two ray ground

In order to evaluate AODV and DSR, the following performance 
metrics are considered:
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1. Packet Delivery Ratio
The packet delivery ratio is expressed as the percentage of CBR 
data traffic that has been received by all destinations (sinks) over 
the total number of packets sent by all the sources within the period 
of simulation. The packet delivery ratio can be interpreted as the 
loss ratio that will be experienced at the routing layer which in turn 
has an impact on the overall throughput of what the network can 
support. It is a fundamental characterization of the performance 
of routing protocols.

2. Network Delay
Network delay is defined as the average delay experienced by 
all connections throughout the simulation experiment. Each data 
transmission between  a source and a destination will experience a 
network delay in the network. The delay is defined as the difference 
in time the moment all transmission of packets are delivered and 
the time these packets are all actually received. The aggregate of 
all such connections delays is found and averaged over the total 
number of transmission connections pairs. Delay is a significant 
factor due to the necessity to provide low latency applications 
such as video-on-demand and other time-sensitive applications, 
e.g., IP telephony. It typifies the suitability of using certain routing 
protocols to support these applications.

3. Routing Overhead
The routing overhead is the total amount of control data packets 
(RREQ,RREP and RERR) sent by the routing protocol throughout 
the duration of the simulation. Each time a packet is forwarded 
over multiple hops, routing overhead is counted as many packets 
as there are hops. The amount of routing overhead is a significant 
factor to determine the efficiency of the routing protocol. Highly 
efficient routing protocols have lower routing overheads so as 
to maintain faster route convergence, and thereby, lower overall 
delay. Such protocols whose routing overheads are low will enable 
the protocol to scale better and consume less energy. If more 
control packets are sent by routing agents, the chance of collision 
for the transmission channels increases, and thus causes the delay 
of the application to increase indirectly.

B. Simulation Results
PDR vs Mobility: In fig. 7, the results obtained for PDR with 
respect to mobility are presented.
In all testing scenarios, the two protocols PDR performance is 
almost same at all mobility rates. Both the protocols are delivering 
around 75% of data successfully at all mobility rates. At high 
mobility, DSR is better than AODV because source routing reveals 
more information in one route discovery than AODV. Therefore, 
within the same time more routes are discovered and so more 
packets can be delivered.  AODV catches up when the mobility 
of the nodes gets lower. This is because routes become more 
stable and so eventually everybody can find all the routes it ever 
needs.
Network Delay vs Mobility: In Figure 8, the results obtained 
for network delay are shown. AODV has the shortest end-to-
end delay. Besides the actual delivery of data packets, the delay 
time is also affected by route discovery, which is the first step to 
begin a communication session.  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.  And the same thing happens when 
a data packet is forwarded hop by hop.  Hence, while source 
routing makes route discovery more profitable, it slows down the 

transmission of packets.
Routing Overhead vs Mobility: In Figure 9, the results of routing 
overhead with respect to mobility. As we can see, without any 
periodic hello messages, DSR outperforms the AODV. AODV 
has the largest routing load because the number  of  its  route  
discoveries  is  the  most  and  the discovery  is  network-wide 
flooding.

Fig. 5: Node Editor Window

Fig. 6: A scenario of 50 Nodes

Fig. 7: Packet Delivery Ratio vs Mobility
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Fig. 8: Network Delay vs Mobility

Fig. 9: Routing Overhead vs Mobility

V. Conclusion
Ad hoc networks are useful for providing communication support 
where no fixed infrastructure exists or the deployment of a fixed 
infrastructure is not economically profitable, and movement of 
communicating parties is allowed. Due to the mobility, routes 
connecting two nodes may change. Therefore, it is not possible 
to establish a priori fixed paths for message delivery through 
the network. As a consequence, the routing in ad hoc wireless 
networks is hard and a challenging problem.
This paper analyzed two popular on demand routing protocols, 
AODV and DSR with respect to mobility. From the simulation 
results, it is observed that at all mobility rates, the DSR is better 
than AODV in terms of throughput, network delay and routing 
overhead.
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e AODV is better

 [21] AODV,DSR,DSDV NCTUns-4.0

Packet Delivery 
Ratio, Number 
of Packets 
Dropped,End-to-
End delay, Average 
routing overhead N
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DSR performance is better with smaller 
number of nodes and AODV is best with 
larger number of nodes. DSDV gives 
better performance with less mobility 
and less number of nodes.

 [22] ADV, 
AODV  and  DSDV NCTUns 6.0

Number of Packets 
dropped, Number 
of Collisions and 
Throughput N

um
be

r o
f 

N
od

es

DSDV  outperforms  in  terms  of  
throughput. AODV is better with fewer 
collisions and packets dropped.


