
Abstract
A Mobile Ad-Hoc Network (MANET) is characterized by dynamic 
nature without any physical infrastructure and centralizes access 
point. Routing in Ad-hoc networks is a challenging due to mobility 
of nodes. In this paper, a detailed simulation based performance 
analysis has been carried out of Ad- Hoc On-Demand Distance 
Vector (AODV), Dynamic MANET On-Demand (DYMO), and 
Destination-Sequenced Distance Vector Routing (DSDV), Dynamic 
Source Routing (DSR) based on different network scenario of 
network size, node mobility and pause time.  Performance matrix 
includes parameters like packet delivery fraction, throughput, 
average delay, routing overhead, and packet loss using ns-2.34 
as network simulator.
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I. Introduction
MANET [1 - 4] is a collection of dynamic self-organized nodes 
which communicate among each other in multi-hop fashion. These 
set of nodes form a temporary network without any centralized 
authority. In the initial days of networking wired network was the 
only mean of communication. But due the limitation of portability 
and setup cost, focused has changed to wireless ad-hoc network. 
In MANET each node communicates via other nodes as illustrated 
in Fig. 1. Mobility nature of node makes topology of MANET 
highly dynamic. Each node participates in topology discovery and 
thus acts as a router for other nodes. In order to select optimum 
route for data transmission many routing algorithms have been 
proposed. Routing 

Fig. 1: MANET Network

algorithms are basically categorized into proactive and reactive 
category. Proactive routing protocols maintain a routing table 
and keep tracks of all the routes available. Reactive routing 
table determines route on demands and thus having less routing 
overhead. Performance comparisons of some routing protocols 
have been performed like between AODV and DSR [5], AODV 
and DSDV [6], AODV and TORA [7], AODV and DYMO [8] 
and between STAR, AODV and DSR [9]. In this paper we have 
evaluate the performance of AODV [10], DYMO [11], DSDV 
[12], DSR [13], in three different mobility model using ns-2.34 
[14] as network simulator on various parameters. The goal of 

simulation is to study the working of routing protocol and evaluate 
the condition under which the protocols work better.
The organization of this paper is as follows. In next section II, 
we will discuss the routing protocols used. Section III describes 
the simulation model used and performance metric of simulation. 
Section IV depicts the simulation result and analysis. Finally 
section V concludes the paper.        

II. Routing Protocols
This section depicts the working of routing protocols used in 
simulation analysis.

1. AODV
AODV is a reactive routing protocol. Reactive protocols are those 
which create route to destination only if the source is required 
to transmit data to destination.  AODV avoids the counting-to-
infinity problem unlike other distance vector protocols by using 
sequence number for each route. In AODV, all nodes maintain a 
routing table containing the entry for each destination node. Each 
entry includes the next hop, sequence number and number of hops 
requires for reaching destination node.
Source node starts path discovery process when it has data to 
send and does not have route to destination. Path discovery is 
accomplished  by flooding  the Route Request (RREQ) packet, 
when RREQ arrive at the destination or the intermediate node 
having route to destination, it send off a Route Reply (RREP) 
packet  in unicast mode. Since the nature of MANET is dynamic, 
link failure can be occurs due to movement in-between nodes. In 
such case link failure message is sent to the source node by the 
neighbor nodes affected by the link failure. On getting failure 
message source node re-initiate path discovery process. Finally, 
the source node receives the RREP packet and start sending the 
data.

2. DSDV
DSDV Routing is a proactive routing protocol based on idea of 
Bellman-Ford algorithm. Each node maintain a routing table which 
contain all the possible destination reachable by node along with 
number of hop required to reach destination and sequence number 
assigned by destination. This sequence number helps in finding 
fresh route and prevents loop formation. A node always selects a 
route with higher sequence number which indicates the freshness 
of route. A response to topology changes occurs in two incremental 
updates. In full update the whole ways, first by sending full updates 
or routing table is send to neighbor whereas in incremental update 
only the information changed since the last update is send. When 
a network is more stable incremental update are occurs more 
frequently and when network is changing then full update 
occur.

3. DYMO
DYMO is a reactive routing protocol and its working is similar 
to AODV but in more enhanced way. DYMO has implemented 
the concept of path accumulation, removes gratuitous RREP 
and determines routes in a unicast way among DYMO nodes. In 
addition, the Internet connectivity is also defined in the DYMO 
Internet-Draft [11]. Each node maintains a routing table with 
information about nodes. Each entry in the routing table consists 
of a destination address, next hop address, hop count, sequence 
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number, valid timeout, delete timeout and gateway flag. Valid 
timeout indicates the time at which route entry is no longer, the 
role of sequence number is same as in AODV, delete timeout shows 
time after which the entry will be deleted and gateway field shows 
if the destination node is internet gateway or not.
The DYMO protocol consists of two operation route discovery 
and route maintenance. In route discovery process, a source node 
broadcast a RREQ message in network. During this propagation 
process, each intermediate node records a route to the source node. 
Upon sending the RREQ, the originating node waits for a RREP 
message from the destination. In case no RREP is received within 
valid time the node may yet again strive to determine a route by 
issuing another RREQ. On getting RREP message source node 
starts sending message. Secondly, route maintenance is the process 
of responding to changes in topology due to node disassociation 
that happens after a route has been initially created. In such case 
a Route Error (RRER) message is sent to source node indicating 
the route is no longer valid. On receiving the RRER, source node 
re-initiate route discovery if still has packets to send.

4. DSR
DSR is on demand routing protocol but the difference between 
DSR and other on demand routing protocols is that in DSR source 
node completely specify the route to be taken by packet between 
source and destination. Furthermore, DSR is beacon-less and thus 
does not require transmissions of periodic hello packet (beacon), 
which a node uses to inform its neighbors of its existence. DSR 
limit the congestion consumed via control packets in ad MANET 
by eliminating the periodic table-update messages necessary in 
the table-driven approach and thus increases throughput.
The DSR protocol consists of the two main operation of route 
Discovery and Route Maintenance. A source node initiate a route 
discovery process by broadcast a RREQ message in its locality. 
Source node adds its address and target address in the RREQ 
packet. When an intermediate node receives the packet and not 
having route to destination in its cache, appends its own address 
in RREQ packet and broadcast. As soon as the RREQ packet 
arrives at the destination node, the destination node throw a RREP 
message back to the source node, reply containing the accumulated 
list of intermediate nodes address which RREQ has traversed. In 
route maintenance process, the link break and topology changes 
related things are being done.

III. Simulation Model and Performance Metric
The NS2 [14] network simulator with the CMU extensions by 
Johnson et al. [16] has been chosen to carryout the simulation 
process. We have used Random Waypoint (RWP) model with 
Continuous Bit Rate (CBR) traffic sources. NS-2 is an object-
oriented simulator written in C++ and OTCL. Fig. 2 show a 
snapshot of NS2 containing routing nodes. Various parameters that 
are considered for simulation are listed given below in Table: 1.
Table I: Simulation Parameters

PARAMETER  VALUE
Simulator NS-2 (2.34)

Protocols AODV,DYMO,DSDV,DSR

Traffic Source CBR

Channel Type Wireless Channel

Grid Size 670 m X 670 m

Mobility Model Random waypoint

Simulation Time 300 seconds

Packet Size 512 bytes

No. of Nodes 5 to 70

Minimum Velocity  0  meters/seconds

Maximum Velocity 25 meters/seconds

Pause Time 0 to 100 sec

Queue Length 50

Topology Random

Source data pattern 4 packets / sec

The performance of algorithms has been evaluated based on the 
following metric [15].
• Throughput: it is define as the total of data transferred over the 

given period of time. It is measured in bytes/sec or bits/sec, 
efficient routing protocols must have greater throughput.

• Relative Routing overhead: The routing overhead is the total 
amount of control data packets sent by the routing protocol 
throughout the duration of the simulation. If more control 
packets are sent by routing agents, then delay in network 
will increase.

• End to end delay: it is the average delay experienced by 
the data packets throughout the simulation experiment. It 
is calculated as the time taken between generation of data 
packet and the arrival of last bit at destination.

• Packet drop fraction: it is define as the no. of packet drop 
to the total no. of packet generated during the simulation 
time. Lower the packet drop, lower would be the delay in 
network.  

• Packet delivery ratio: The packet delivery ratio is expressed as 
the percentage of number of received packets by destination 
node to the number of packets sent by all the sources nodes 
within the period of simulation. It is an essential performance 
metric of routing protocols.

Fig. 2: NAM Window

IV. Simulation Result and Analysis
The simulation of algorithms has been performed on three mobility 
models. First model depends on the number of nodes, second one 
based on the pause time of mobile nodes and third one is based 
on speed of nodes.
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1. Varying the number of nodes
The number of nodes in the simulation setup varies from 10 to 
20. Fig. 3 show the effect of number of nodes on the routing 
overhead. As the number of nodes increase routing overhead is 
also increase. AODV and DSR having almost same overhead 
whereas the DYMO shows greater routing overhead then others 
when number of nodes reaches 70. Fig. 4 shows the throughput, 
throughput of all the protocols initially increases sharply, but 
after reaching 30 nodes it becomes constant and when the number 
of nodes reaches 60 throughputs of all protocol decreases. DSR 
and AODV shows almost same throughput whereas DYMO 
throughput decreases rapidly as the number reaches 30. Fig. 5 
show the packet delivery fraction. All four except DSDV shows 
almost 100% delivery fraction till the number of nodes is 30. 
Packet delivery fraction reduces to half when the no. of node 
increases to double. DSDV shows better delivery fraction than 
others as the no. of nodes increases. The average delay from source 
to destination is shown in fig 6: DSDV always shows the delay 
of less than one seconds and DYMO shows an only fraction of 
delay. Fig. 7 show the packet drop percentage of routing protocols. 
When the numbers of nodes are less DSDV drops more packets 
but as the number increases, the drop percentage of AODV and 
DSR increases.

2. Varying the pause time
The pause time of nodes varies from 10 seconds to 100 seconds. 
Fig. 8 shows effect of pause time on the throughput of protocols. 
AODV and DSR shows constant throughput. Fig. 9 show the 
overhead, it can be seen that other protocols. AODV and DSR show 
constant overhead irrespective of pause time. Fig. 10 illustrate 
the packet delivery ratio of routing protocols. DSR and AODV 
having almost 100% of packet deliver ratio whereas DSDV packet 
delivery fraction decreases as the pause time increases. It can be 
seen from Fig. 11 that AODV, DSR, and DYMO having much 
lower packet drop ratio. AODV shows greater delay as shown 
in Fig. 12 and DYMO is the most effective as having the least 
delay.

3. Varying the speed of node
This mobility model depicts the effect of node speed on the 
performance of protocols. Fig. 13 shows that as the speed of 
nodes increases the packet delivery decreases in case of DSDV and 
DYMO but AODV and DSR shows no effect in the delivery ratio. 
Fig. 14 indicates that DSR having greater overhead than AODV, 
DYMO and DSR.  From Fig. 15 it can be verified that throughput 
of DSDV decreases as the nodes speed increases whereas AODV 
and DSR give constant throughput. Fig. 16 give the details analysis 
of delay; initially DYMO shows the least delay than AODV and 
DSR but as the speed decreases DYMO delay increases. Fig. 17 
show the packet drop in the network. DSDV shows the highest 
drop ratio and least effective in term of packet loss.

Fig 3:  Overhead Vs No. of nodes

Fig. 4:  Throughput Vs No. of nodes

Fig. 5: Packet delivery fraction Vs No. of nodes

        
Fig. 6: End to end delay Vs No. of nodes

Fig. 7:  Packet drop fraction Vs No. of nodes
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Fig. 8: Throughput Vs pause time

Fig. 9: Overhead Vs pause time

                   
Fig. 10: Packet delivery fraction Vs pause time

Fig. 11: packet drop fraction Vs pause time

Fig. 12: End to end delay Vs pause time

Fig. 13: Packet delivery fraction Vs Node speed

Fig. 14:  Overhead Vs Node speed

Fig. 15: Throughput Vs Node speed

Fig. 16: End to end delay Vs Node speed

Fig. 17: Packet drop fraction Vs Node speed

V. Conclusion
This paper carried out the detailed analysis of AODV, DYMO, 
DSDV and DSR. Simulation result shows that as the number of 
nodes increase, the performance of routing protocols decrease. 
DYMO performance improves as the pause time increase. Nodes 
mobility affects the performance of routing protocol most. As the 
mobility speed increases, delay and overhead of routing protocols 
also increase whereas throughput decreases. In future, we can 
simulate more routing protocol like ESAODV [17], WRP [18], 
and TORA [19] as well as establish the best condition under which 
a particular routing algorithm performs best.
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