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Abstract— In this paper, we have performed a comparative analysis on three different MANET protocols
with respect to packet delivery ratio (PDR), throughput, average end-to-end delay, routing overhead,
normalized routing load (NRL), packet drop and packet loss metrics. The protocols considered are DSR,
AODV and DSDV. The first two protocols fall under reactive whereas the third one is a proactive protocol.
The performance differentials of the routing protocols are analyzed using NS-2.35 simulator. The simulation
has been conducted with 100 numbers of mobile nodes (MNs) for constant bit rate (CBR) traffic and random
waypoint mobility model with respect to varying pause time. Simulation analysis indicates that both reactive
protocols perform quite similar in terms of throughput. However, DSR outperforms in terms of packet
delivery ratio, routing overhead, normalized routing load, packet loss and packet drop than AODV. On the
other hand, DSDV exhibits considerably less end-to-end delay among all the protocols due to its table-driven
characteristics.
Keywords— AODV, CBR, DSR, DSDV, Mobile Ad-hoc Networks (MANETs), Mobile Nodes (MNs), Routing
Protocols, Routing Table
I. INTRODUCTION
Mobile wireless networks have gained prevalent interest and becoming more and more popular. The mobile
wireless networks are classified into three types: infrastructure-based networks, infrastructure-less networks (adhoc networks) and hybrid networks which combines both the characteristics of infrastructure-based and
infrastructure-less networks. An infrastructure-based [5], [6] network is comprised of group mobile devices that
communicate with each other through access points like base stations. Base station provides a centralized
control mechanism for all the devices in the network. Examples of infrastructure-based wireless networks
include cellular phone system, wireless LANs, and paging systems. An infrastructure-less network [1], [2] is
commonly known as mobile ad-hoc network (MANET). MANET is a kind of network that consists of collection
of mobile devices that communicates directly with each other without the use of any access points or base
stations [6].The primary advantages of MANETs are rapid deployment, robustness and inherent support for
mobility [4]. MANETs, due to their cost-effective and rapid deployment, find its applications [3] in military
operations, emergency operations, rescue operations, law enforcement, wireless sensor networks, or places
where people wish to quickly share information. Every node in the MANET has the freedom to join, leave, and
move around the network. This movement generates a highly dynamic environment that effects packet routing.
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Therefore, the most fundamental and challenging issues in MANET is efficient packet routing. The purpose of
routing is to route the packets from source to destinations.
In this paper, we have a made systematic performance comparison study on three prominent MANET routing
protocols AODV, DSR and DSDV based on results analysis obtained by running simulations in network
simulator tool NS-2 [7],[8] by varying pause time. Performance metrics based on which the comparison is
performed are packet delivery ratio, throughput, average end-to-end delay, routing overhead, normalized routing
load and packet loss. The rest portion of the paper is organized as follows: The related work is described in
section II. Section III presents the brief discussion of on-demand and table-driven MANET routing protocols
and its comparison. Overview of AODV, DSR and DSDV protocols are described in section IV. The simulation
environment and performance comparisons are presented in Section V. Section VI summarizes the paper by
conclusion.
II. RELATED WORK
Several studies were done to assess the nature of routing protocols in MANET. Ginni Tonk et al.[10], have
presented the performance comparison of DSDV, AODV and DSR routing protocols by varying pause time,
number of nodes and maximum speed using network simulator NS-2.The comparison result shows that AODV
has the highest packet delivery fraction and normalized routing load while DSR achieves the highest average
end-to-end delay. DSDV provides the minimum delay among the three protocols because of its proactive nature.
The performance comparison of the DSR, DSDV and AODV protocols for various test scenarios such as pause
time, speed and number of nodes using NS-2 simulator under CBR traffic was carried out by Rahul et al. [12].
The experimental result from all the test scenarios summarize that AODV shows its superiority compared to
other two protocols. DSR performs averagely and DSDV performs the worst. Shaily Mittal et al.[11], have
compared the routing protocols (AODV, DSR and ZRP) using QualNet Simulator. The simulation was done
with 50 nodes by varying pause times. The evaluation of AODV, DSR are done on the basis of average end to
end delay, TTL based hop count and packet delivery ratio. The results show AODV having lowest end to end
delay than DSR and ZRP when pause time is varied. And also, the hop count increases continuously for AODV
as compared to DSR and ZRP. However, AODV and DSR deliver almost 90% of packets when compared with
ZRP. Runcai Huang et al. [9] have simulated the DSDV, DSR and AODV protocols for 50 nodes by varying
speed using NS2 simulator under CBR traffic. In higher-mobility, AODV proved to be more reliable and
achieves the best packet delivery fraction. On the other hand, the performance of DSR is better in terms of
average delay and packet loss under low-mobility scenario. In [13], the behavior of AODV, DSR, TORA and
LAR routing protocols were studied using two simulators namely QualNet and the NS-2 for a large
geographical network. LAR outperforms all the protocols in terms of all the performance metrics and found to
be scalable. However, AODV performs poorly with respect to packet delivery fraction and DSR with respect to
end-to-end delay. TORA is not suitable for larger networks. Ashish et al. [14], presented the performance
comparison of AODV, DSR and DYMO with 50 nodes for CBR traffic by variable pause time. All the protocols
ware simulated using Qualnet simulator for CBR traffic with respect to packet delivery fraction and average
end-to-end delay both AODV and DYMO protocols performed better than DSR. Yin tan et al. [15], have
examined the two on-demand protocols AODV and DSR with different pause time and traffic sources for 50
nodes using NS2 simulator. The performance evaluation results states that for low mobility scenarios, DSR
outperforms AODV. However, AODV performs better than DSR for higher mobility.
III. CLASSIFICATION OF ROUTING PROTOCOLS
MANET routing protocols are commonly distinguished upon how routing information is acquired and
maintained by mobile nodes. Routing protocols has two major functionalities, one to determine an efficient
optimal routing paths and second reliable data transmission between the mobile nodes within the network [3].
Routing is the act of moving across an network from a source to a destination. Considering procedures for route
establishment and update, and by the manner they react to network topology changes, MANET protocols can be
classified [19] into three types: proactive or table-driven, reactive or on-demand and hybrid routing protocols.
Hybrid protocols use the characteristics of both proactive and reactive routing protocols. Some of the basic
differences between the two categories of MANET routing protocols have been tabulated in table I.
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TABLE I
COMPARISON OF TABLE-DRIVEN AND ON-DEMAND
ROUTING PROTOCOLS

Parameters

Table-driven

On-demand

Route finding

Available in the routing table

Computed when needed

Route latency

Instantaneous

Waits until valid route is
discovered.

Network organization

Flat

Flat

Topology
Dissemination

Periodical updates

No Periodical updates

Mobility handling

Updates occur at regular
intervals

Route maintenance

Communication
overhead

High

Storage requirements

Higher than On-demand

Delay

Less delay as routes are
predetermined

High as routes are computed

Scalability

Usually up to 100 nodes

Usually higher

Power consumption

Higher battery power

Bandwidth

Increases with increase in
network size

Increases with mobility of active
routes
Depends on the number of active
routes needed

Comparatively lesser than tabledriven
Increases with increase in number
of active routes

A. Proactive/Table-driven routing protocols
Table-driven routing protocols [18] [20] maintain consistent and fresh routing information regarding every
node in the network. Every node maintains the network topology information in the form of routing tables (RTs)
by periodically exchanging routing information. Examples of proactive routing protocols include Destination
Sequence Distance Vector (DSDV), Wireless Routing Protocol (WRP), Optimized Link State Routing (OLSR)
and the Fisheye State Routing (FSR).
B. Reactive/On-demand routing protocols
[16], [18], [20] is an improvement on table-driven routing that uses route discovery process only when
desired by the source node. These routing protocols were designed to reduce the overheads in table-driven
protocols by maintaining information for the active routes only. Both AODV and DSR are reactive routing
protocols for MANET. Reactive protocols are classified into two categories, source routing and hop-by-hop
routing. In source routing [24], each data packets carry the complete path from source to destination. Therefore,
each intermediate node forwards these packets according to the information in the header of each packet. The
major drawback with source routing protocols is that in large networks they do not perform well. In hop-by-hop
routing each data packet only carries the destination address and the next hop address. Therefore, each
intermediate node in the path to the destination uses its routing table to forward each data packet towards the
destination. The advantage of this strategy is that routes are adaptable to the dynamically changing environment
of MANETs. The disadvantage of this strategy is that each intermediate node must store and maintain routing
information for each active route and each node may require being aware of their surrounding neighbours
through the use of beaconing messages.
IV. AN OVERVIEW OF AODV, DSR AND DSDV PROTOCOLS
A. Ad Hoc On-demand Distance Vector Routing (AODV)
AODV [21], [17] is a reactive routing protocol for MANET. AODV routing is based on the table-driven
however it does not maintain global routing information for the entire network. An interesting approach for this
kind of routing protocols is that nodes belong to active routes only need to share and maintain the routing
information. AODV is an improvement on the DSDV. AODV uses on-demand algorithm. In this methodology,
a source establishes a route only when it is required. AODV protocol determines the latest path information to
the destination by utilizing destination sequence number generated by destination node. AODV employs
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broadcast identifier number to ensure loop freedom [22] so that multiple broadcast of the same packet is
prevented. To locate a route to the destination, a route request (RREQ) packet is broadcasted by the source
across the network. The RREQ packet of AODV carries the broadcast identifiers and sequence numbers for both
source and destination including time to live field. The destination node or the node that has new route to the
destination receives RREQ packet and responds the source node by sending a route reply (RREP) packet.
Otherwise, RREQ packet is rebroadcasted by the node to their neighbours. AODV broadcasts hello messages (a
special RREP) periodically to the immediate neighbours. These hello messages are local advertisements that
indicate the continued presence of the node.
B. Dynamic Source Routing (DSR)
DSR is a reactive routing protocol that uses source routing algorithm [17], [25]. In this methodology, the
sender determines the entire hop-by-hop route to the destination and the routes are stored in a route cache [24].
If a source node wants know the route to its destination it initiate a route discovery process by flooding with
route request (RREQ) packets in the network. Each node receiving an RREQ rebroadcast it, unless it is the
destination or it has a routing path to the destination in its route cache. The RREQ builds up a path traversed
across the network and the RREP routes itself back to the source by traversing this path backward. An
intermediate node can use an alternate route form it own cache when a data packet is meets a failed link. DSR
does not use hello-messages between the nodes to notify their neighbours about their presence unlike AODV.
The route request packet (RREQ) of DSR contains the address of the destination node, the address of source
node and a unique identification number. Intermediate node receiving the route request packet first checks for
the route availability, if path not found then it append its own address and then redirects the packet along its
outgoing links. The destination node or the node that has fresh route for the destination which receive RREQ
packet responds by sending a RREP message. The destination node always appends the entire route information
contained in the route request packet while sending RREP packet. If the route reply is sent by an intermediate
node, its cached route is appended to the route record and then generates the route reply message.
C. Destination Sequence Distance Vector (DSDV)
DSDV [23] is a proactive MANET routing protocol and is based on the traditional Bellman-Ford algorithm.
In DSDV, each node in the network holds a routing table that contains the next hop information and hop count
of all possible destinations. A sequence number created by the destination node tags each entry to prevent loops
[23]. The tables are exchanged between neighbours at regular intervals to get the current information of the
network topology. The tables are also forwarded if a node finds a significant change in local topology. This
exchange of table imposes a large overhead on the whole network. To reduce this potential traffic, routing
updates are classified into two categories. The first is known as “full dump” which includes all available routing
information. This type of updates should be used as infrequently as possible and only in the cases of complete
topology change. In the cases of occasional movements, smaller “incremental” updates are sent carrying only
information about changes from the time the last full dump occurred. All the updates should fit in a single
network protocol data unit (NPDU) [23] and thus significantly decreasing the amount of traffic. Table updates
are initiated by a destination with a new sequence number which is always greater than the previous one. On
receiving the table updates, a node either renews its tables based upon the received information or maintains it
for a while to choose the best metric received from multiple versions of the same update from various
neighbours.
V. SIMULATION RESULTS AND ANALYSIS
A. Simulation Environment
In order to assess the performance of AODV, DSR and DSDV routing protocols, extensive simulation has
been done using the network Simulator NS-2.35 by varying pause time. We simulate the network with 100
nodes to represent ad-hoc network randomly distributed in a 500 m x 500 m square simulation fields. Nodes
were generated randomly at random position using random way point mobility model. The simulation time was
set to 300 seconds. Nodes were made to pause at different pause time like 40, 80,120,160,200 seconds
respectively. Nodes were moving at constant random speed between of 20 meters/second. For the traffic models,
constant bit rate (CBR) sources are used with source-destination pairs randomly chosen over the network. The
sending rate of CBR is 4 packets / second. The data packet size is 512 bytes. In the simulation, 10 connections
were taken to represent the traffic load. Different quantitative metrics were considered to assess the
performances of three routing protocols. All simulation parameter are described in table II.
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TABLE III
SIMULATION PARAMETERS

Parameter Type

Value

Network simulator

NS - 2.35

Channel type

Channel / Wireless channel

Routing protocols

AODV, DSR, DSDV

Simulation duration

300 secs

MAC layer protocol

802.11

Topology size

500 m x 500m

Number of nodes

100

Traffic sources

Constant- bit- rate(CBR)

Packet size

512 Bytes

Max number of CBR connections

10

Sending rate

4 packets /sec

Pause time

40 ,80 ,120,160, 200 secs

Speed

20 m/s

B. Mobility and Traffic Model
Mobility models are used to describe the movements of the mobile nodes at every moment, defining their
position, speed and acceleration [26]. They provide a significant effect on the performance investigation of
routing protocols. Random waypoint mobility Model (RWPMM) has been used to generate node movements.
This mobility model is widely implemented & analysed in simulation of routing protocols which includes pause
times between changes in direction and/or speed within the simulation area. In the RWPMM the mobile nodes
are set free to move randomly where speed and direction is completely independent of the neighbour nodes.
MNs are moved at a random speed distributed uniformly from V0 to Vmax where, V0 and Vmax represent the
minimum and maximum node velocities. If the maximum node velocity Vmax of MNs is small and the pause
time Tp is long then the network is said to be more stable and in reverse case it is dynamic. When Tp = 0, it
represents a continuous mobility. The traffic model used in this work is Continuous Bit Rate (CBR) traffic
sources. This type of traffic is predictable, but unreliable and undirected. A CBR stream is characterized by data
being sent in packets of a fixed size with a fixed interval between each packet. The CBR source does not
establish any connection with the destination and traffic is only flowing from the source to the destination with
no feedback from the destination or from intermediate node.
C. Results and Analysis
The simulation results highlight several important characteristic differences in performance of three
protocols AODV, DSR and DSDV, which are built on various mechanisms. We categorize and discuss them in
this section. And the overall performance analysis results from the simulations are presented in table III.
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Fig. 1 Packet Delivery Ratio w.r.t. Pause Time

Fig. 1 shows a graphical representation of the experimental results of AODV, DSR and DSDV protocols
with respect to packet delivery ratio. As expected, DSR outperforms the other two protocols but AODV shows
better performance than DSDV. DSR has the highest PDR rate of 99.64% and proved to be more reliable and
stable among all the protocols. The packet delivery rate of DSR is 1.8% higher than AODV and 7% higher than
DSDV. The reason behind this is, as DSR uses source routing, the source determines the entire sequence of hops
that each packet should traverse. The route discovery process is initiated only when the expected route is not
found in the route cache. In DSR, using a single request-reply cycle, the source can learn routes to each
intermediate node on the route in addition to the intended destination whereas AODV can gather only a very
limited amount of routing information. The AODV protocol managed to achieve PDR about 97.76% even
though more packets are dropped and more routing packets are generated. On the other hand, AODV maintains
at most one entry per destination and initiates new route discoveries if link failures happen. At 40 pause time
(higher mobility), the packet delivery rate of DSDV is 92.63% and its performance increases by 7.5% with
pause time of 80. However, later it delivers consistent uniform rate of delivery with pause time variations and
maintains the delivery rate between 93.04% to 95.54%.
The throughput results for three routing protocols from the simulations are presented in Fig. 2. This study
clearly indicates that reactive routing protocols are superior in comparison to proactive one. AODV and DSR
protocols have fairly high throughput. The throughput performance of DSR is 1.8% and 6.8% higher than
AODV and DSDV respectively. AODV slightly suffers, since it maintains one route per destination. On the
other hand, DSR, 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. DSDV performs poorly
especially at higher rate of mobility (low pause time) and increases gradually with increase in pause time. This
is expected for DSDV, since it needs more time to update the routing tables of the nodes in the network during
topology changes.

Fig. 2 Throughput w.r.t. Pause Time

© 2014, IJCSMC All Rights Reserved

132

Gyanendra Kumar Pallai et al, International Journal of Computer Science and Mobile Computing,
Vol.3 Issue.11, November- 2014, pg. 127-136

Fig. 3 End-to-End delay w.r.t. Pause Time

Average end-to-end delay is the average time consumed by a protocol to transmit a data packet from source
to destination. Considering the Fig. 3, we observe that the average end-to-end delay of DSDV is less compared
to AODV and DSR. Moreover, DSDV consistently presents the lowest delay independent of pause time. The
reason for less delay for DSDV is, it proactively maintains the routes to all the destinations and does not initiate
route discovery process as frequently as in on-demand routing protocols. Considering both the reactive protocols,
the delay for AODV is much higher than DSR. AODV exhibits higher delay since for any network topology
change, a new route discovery process has to be initiated by sending RREQ packets. On the other hand, DSR
protocol performs better than AODV as it does not have to depend on periodical activities and it uses source
routing and route cache property.
It can be determined from Fig. 4 that DSR protocol generates significantly less routing overhead compared to
other two protocols. The reason is obvious because it does not depend on periodical activities. DSR uses route
cache property and also maintains multiple routes per destination. The normalized routing load for three routing
protocols is shown in Fig. 5. It can be noticed and expected that the NRL of AODV is always at high peak rate
compared to other protocols as it maintains single route per destination. The reason for high routing overhead is
that AODV periodically sends RREQ, RREP packets. Node movements lead to link failures, in order to
establish a route, every time AODV generates route discovery process. The routing load for DSDV is 66.36%
higher than DSR and 46% lower than AODV because of its table driven nature. It proactively holds routes to all
destinations in its table regardless of topology changes.

Fig. 4 Routing Overhead w.r.t. Pause Time
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Fig. 5 Normalized Routing Load w.r.t. Pause Time

Fig. 6 Packet Loss w.r.t. Pause Time

As shown in Fig. 6 and Fig. 7, DSR outperforms among all the protocols in terms of packet loss and packet
drop followed by AODV while DSDV exhibits the worst results. Packet may lose due to broken link,
congestions and no route to destination. A packet may be dropped at the source if route to destination is not
available or the buffer that stores pending packet is full. As we know, finding a route is generally a costly
operation in terms of time, bandwidth and energy. DSR uses source routing. As we know, finding a route is
generally a costly operation in terms of time, bandwidth and energy. DSR uses source routing. One big
advantage is that intermediate nodes can learn routes from the source routes in the packets they receive. Another
advantage of source routing is that it avoids the need for up-to-date information in the intermediate nodes
through which the packets forwarded since all necessary routing information is included in the packet. In
addition to that DSR does initiate route discovery process less frequently than AODV and it also does not rely
on any timer based activities but AODV does. On the other hand, AODV uses table-driven routing and also rely
on any timer based activities. Mobility is the dominant cause for AODV, which is highly responsible for packet
loss and packet drop. The results indicate that packet loss for AODV is 79% higher than DSR and 14% lesser
than DSDV. If route failure happens frequently it initiates new route discoveries unlike DSR. This is expected
for DSDV, since it needs more time to update the routing tables of the entire network. Such delay in updation
leads to an increase in number of broken links and that result in high rate of dropped packets .
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Fig. 7 Packet Drop w.r.t. Pause Time
TABLE IIIII
OVERALL PERFORMANCE ANALYSIS

Metrics

AODV

DSR

DSDV

Packet Delivery Ratio (%)

97.76

99.64

92.63

Throughput (Kbps)

4.90

4.99

4.65

Average End-to-End Delay

114.44

17.80

13.44

Routing Overhead

7863.8

1429.2

4249.6

Normalized Routing Load

0.80

0.14

0.45

Packet Drop

221.2

34.6

738.6

Packet Loss

224.4

35.8

739.2

VI. CONCLUSIONS
In this paper, a performance analysis of two reactive protocols namely, AODV and DSR and one proactive
protocol DSDV has been made. Simulation is performed for a network size with 100 nodes under CBR traffic
by varying pause time using network simulator NS-2.35 tool in an identical manner. The acquired results
highlight the relative ranking of routing protocols based on their performances. Simulation results for
throughput metric over three routing protocols demonstrate that AODV and DSR behave similarly. As DSR has
plenty of cache routes to hold paths for multiple destinations, the reaction of DSR in case of route failures is
mild. This property ultimately enhances the DSR performance in terms of all the performance metrics.DSR
gives the optimum performance in all chosen matrices. AODV manage to give the second highest performance
in terms of PDR about 97.67% even though more packets are dropped and more routing packets are generated.
For AODV, mobility is still the major cause for packet loss. Due to table-driven nature of DSDV, it slightly
suffers with respect to PDR but scales very well in terms of end to end delay. However, it performs averagely in
terms of routing overhead and NRL but badly suffers in terms of packet loss and packet drop performance
metrics. Overall, experimental results conclude that DSR proved to be good selection for CBR and reliable
choice when packet delivery ratio, throughput, routing overhead, normalized routing load, packet loss and
packet drop metrics are concerned. On-demand protocols attain high packet delivery ratio and thus more
efficient and reliable in delivering the data packets to their respective destinations. In future we will be focusing
on energy efficient routing with the protocols studied in this work when the network size, network load and
mobility models are varied.
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