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Abstract
Mobile Ad Hoc Networks (MANETs) also called mesh networks 
are self-configuring networks of mobile devices connected by 
wireless links. MANETs are deployed in situations where there is 
no existing infrastructure with dynamic topology such as military, 
etc. Each application has a different set of requirements. Here we 
concentrate on having an efficient communication in the network 
.i.e. efficient routing of the nodes.
The objective of our work is that a single protocol will not serve 
all the purposes required for communication in the MANETs. 
Due to the highly mobile and the infrastructure-less nature of the 
MANETs it is not possible to apply the principle of “one size fits 
all” for protocols. Switching between the protocols can resolve 
this problem but builds up an overhead in the network as it needs 
an external agent to monitor the environment and dictate to the 
network on which protocol should be chosen. Therefore, the nodes 
present in the network can be made intelligent enough to sense its 
environment and select the suitable protocol ,that is , the switching 
can be done at the node level itself so as to reduce the overhead 
in the network and to make the routing more efficient.
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I. Introduction
A Mobile Ad-Hoc Network (MANET) is a self-starting dynamic 
network comprising of mobile nodes, where each and every 
participation node voluntarily transmit the packets destined to 
some remote node using wireless (radio signal) transmission. An 
ad hoc network doesn’t have any centralized arbitrator or server 
[1]. In MANET each and every mobile node is assumed to be 
moving with more or less relative speed in an arbitrary direction. 
Because of that there is no long term guaranteed path from any 
one node to other another node. MANET has a very enterprising 
use in emergency scenarios like military operations & disaster 
relief operation where there is a need of communication network 
immediately following some major event, or some temporary 
requirement like conference & seminar at a new place where 
there is no earlier network infrastructure existing and there is a 
need for an alternative solution.
The characteristics of MANETs have led to the design of MANET 
specific routing protocols. These protocols are mainly classified 
as proactive and reactive. Proactive protocols are table driven 
i.e., nodes maintain information regarding the routes. Reactive 
routing protocol find the routes only when they are needed i.e., 
on-demand. Reactive protocols have gained more importance as 
they reduce routing overhead and consume less energy.
Routing in MANETs is a dynamic optimization task aiming at 
providing paths that are optimum in terms of some criterion (e.g. 
minimum distance, maximum bandwidth, shortest delay) and 
satisfying some constraints ( e.g. limited power of mobile nodes 
, limited capacity of wireless links).
Thus it is more important to have an efficient routing so as to 
make a better communication, and make delivery of the data to the 
destination with less delay and jitter. All the nodes in the network 
can use the existing routing protocols to achieve this .We have two 

main routing protocols AODV and DSDV which are considered 
to be the best in reactive and proactive protocols [2].
In recent years, a number of studies has been done on the different 
layers of the OSI model, such as MAC layer and application layer, 
to achieve efficient routing.
Our work focuses only on the routing/network layer. Since we 
are using the existing routing protocols it is easier for the nodes 
to obtain routing through network layer itself.
The paper is organized as follows: In section II, we briefly discuss 
the literature survey relevant to our paper. Section III, discusses 
the related works carried out in the area. Section IV, provides a 
detail description of the proposed work. In section V, a conclusion 
to our work is listed.

II. Literature Survey
The design of intelligent selection of routing protocol inside 
the node requires a detailed study of different types of routing 
protocol in MANETs for the selection and architecture of the node 
to implement this protocol inside the node.
The characteristics of MANETs have led to the development 
of MANET specific routing protocols. A routing protocol is the 
mechanism by which user traffic is directed and transported 
through the network from a source node to a destination node. 
Based on this definition, the classification of routing protocols 
are given as follows.
Classification of Routing Protocols in MANETs :
MANET routing protocols could be broadly classified into 
two major categories based on the routing information update 
mechanism [2].

1. Proactive Routing Protocols
Proactive protocols continuously learn the topology of the network 
by exchanging topological information among the network nodes. 
Thus, when there is a need for a route to a destination, such route 
information is available immediately. If the network topology 
changes too frequently, the cost of maintaining the network might 
be very high. If the network activity is low, the information about 
actual topology might even not be used. Ex: DSDV, WRP, CGSR, 
etc [16].

2. Reactive Routing Protocols
The reactive routing protocols are based on some sort of query-
reply dialog. Reactive protocols proceed for establishing route(s) 
to the destination only when the need arises. They do not need 
periodic transmission of topological information of the network. 
Ex: DSR, AODV, TORA, etc [4, 16].

3. Hybrid Routing Protocols
Often reactive or proactive feature of a particular routing protocol 
might not be enough; instead a mixture might yield a better 
solution. Hence, in the recent days, several hybrid protocols are 
also proposed [16].
We have considered DSDV and AODV routing protocols as these 
two are more efficient than others in proactive routing protocols 
and reactive routing protocols respectively.
If the node density is less than 40 and pause time is less than 60 
then AODV is best suited for communication than compared to 
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DSDV. And when the node density exceeds 80 and pause time 
by 90 then DSDV will be selected. This conclusion is drawn 
after the comparison of the performance metrics of monolithic 
implementation of AODV and DSDV routing protocols for 
different network environments.

Ad hoc On-demand Distance Vector
AODV is a reactive routing protocol instead of proactive. It 
minimizes the number of broadcasts by creating routes based 
on demand, which is not the case for DSDV. When any source 
node wants to send a packet to a destination, it broadcasts a route 
request (RREQ) packet. The neighboring nodes in turn broadcast 
the packet to their neighbors and the process continues until the 
packet reaches the destination. During the process of forwarding 
the route request, intermediate nodes record the address of the 
neighbor from which the first copy of the broadcast packet is 
received. This record is stored in their route tables, which helps 
in for establishing a reverse path. If additional copies of the same 
RREQ are later received, these packets are discarded. The reply 
is sent using the reverse path. For route maintenance, when a 
source node moves, it can reinitiate a route discovery process. 
If any intermediate node moves within a particular route, the 
neighbor of the drifted node can detect the link failure and sends 
a link failure notification to its upstream neighbor. This process 
continues until the failure notification reaches the source node. 
Based on the received information, the source might decide to 
re-initiate the route discovery phase [4].

Dynamic Destination-Sequenced Distance-Vector 
Routing Protocol (DSDV)
DSDV is developed on the basis of Bellman–Ford routing 
algorithm with some modifications. In this routing protocol, each 
mobile node in the network keeps a routing table. Each of the 
routing table contains the list of all available destinations and the 
number of hops to each. Each table entry is tagged with a sequence 
number, which is originated by the destination node. Periodic 
transmissions of updates of the routing tables help maintaining 
the topology information of the network. If there is any new 
significant change for the routing information, the updates are 
transmitted immediately. DSDV protocol requires each mobile 
node in the network to advertise its own routing table to its current 
neighbors. The advertisement is done either by broadcasting or by 
multicasting. By the advertisements, the neighboring nodes can 
know about any change that has occurred in the network due to 
the movement of nodes. The routing updates could be sent in two 
ways: one is called a ‘‘full dump’’ and another is ‘‘incremental.’’ In 
case of full dump, the entire routing table is sent to the neighbors, 
whereas in case of incremental update, only the entries that require 
changes are sent [3, 16].

Performance Metrics

A. Convergence Time
The convergence time is the time between a fault detection, and 
restoration of new, valid path information. To calculate this we 
need the time when the first packet is dropped due to invalid path, 
and the time when the first packet is successfully received when the 
new path is found. There can be many reasons for a packet drop, 
such as interface queue being full (IFQ), end of simulation (END), 
mac packet error (ERR), etc. When the packet is not delivered 
to the destination because the current path is no longer valid, the 
mac entity calls back the router entity. This is the time we need to 

measure to obtain the time when the first packet is dropped due 
to invalid path. When we observe such a packet, we record the 
source and destination pair for which the packet is dropped by 
examining the fields – Is (source id) and –Id (destination id). Next, 
we monitor subsequent packets to check when the first packet 
originating from this source is received by the destination. That 
is, the flags –Is (source id) and –Id (destination id) must be the 
same as in the CBK packet recorded earlier, and the packet must 
be received by the application entity (-Nl = agent). This indicates 
the successful discovery of a new valid path by the algorithm. 
This time is recorded, and the interval between this time and the 
time when the packet was dropped is taken as convergence time 
for this flow. To obtain convergence time of the algorithm for 
the overall scenario, we take the average of all such convergence 
times [13].

B. Throughput
Throughput is the total packets received at the destination node 
divided by the total simulation time. Perl script receives the trace 
file as an argument and counts the packets received by the nodes. 
The packets received by the node in its AGT level will be the real 
received packets [5].
Throughput = Total packets received at AGT level / Total 
simulation time.

C. Packet Delivery Ratio:
Packet delivery ratio is the ratio of the number of data packets 
delivered to the destination to the number of data packets expected 
to be received. Perl script accepts trace file and calculates packet 
delivery ratio as shown below
Packet deliver ratio = (data packet delivered / data packet sent) 
* 100

D. End to End Delay:
End-to-end delay refers to the time taken for a packet to be 
transmitted across a network from source to destination.
End to End Delay is the (end time –start time)/count.
Specific packet is transmitting from source to destination and 
calculates the difference between send times and received times. 
Delays due to route discovery, queuing, propagation and transfer 
time are included in the delay metric [5].

D. Normalized Routing Load
It is the number of routing packets per data packets delivered at the 
destination. Normalized Routing Load = r/d where: r is Routing 
packets and d is data packets delivered at destination [5].

III. Related Work
In data communication a physical network may either be a data 
circuit-terminating equipment (DCE) or a data terminal equipment 
(DTE) such as digital telephone handset, a work station or a 
server.
If the network in question is a LAN or WAN, every LAN or 
WAN node (that are at least data link layer devices) must have a 
MAC address, typically one for each network interface controller 
it possesses. Examples are computers, packet switches, xDSL 
modems (with Ethernet interface) and wireless LAN access points. 
Note that a hub constitutes a physical network node, but does not 
constitute a LAN network node, since a hub network is logically 
a bus network. Analogously, a repeater or PSTN modem (with 
serial interface) is a physical network node but not a LAN node in 
this sense. If the network in question is the Internet or an Intranet, 
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many physical network nodes are host computers, also known 
as Internet nodes, identified by an IP address, and all hosts are 
physical network nodes. However, some data link layer devices 
such as switches, bridges and WLAN access points do not have an 
IP host address (except sometimes for administrative purposes), 
and are not considered to be Internet nodes or hosts, but as physical 
network nodes and LAN nodes [6].
To enable routing for these nodes, the pressures that are driving 
the proliferation of ad-hoc routing protocols are coming from 
both ‘below’ and ‘above’. From ‘below’, the biggest determining 
factor in which protocol is the most appropriate, is the size of 
the network: generally, proactive protocols are better suited for 
smaller networks, reactive ones for larger networks, and hybrid 
protocols to networks that can structured hierarchically. But where 
the network varies in size (e.g. grows), an initial choice of protocol 
(e.g. proactive) can become sub-optimal. As another example, a 
reactive protocol will do well where pairs of interacting source-
destination nodes (i.e. an influence from ‘above’) tend to be stable, 
while proactive protocols are typically better where interaction 
patterns are more dynamic (although only where the network is not 
too big). In addition, peer-to-peer services running over MANETs 
tend to prefer proactive protocols; and applications requiring 
QoS differentiation can benefit from intelligent path selection as 
enabled by multipath routing algorithms like TORA or Multipath 
DYMO —although these carry overhead that is unnecessary for 
other applications (or application use cases).
Along with proposing many new protocols in each of the above 
categories researchers have since investigated numerous variations 
on already-existing protocols. For example, path accumulation 
,pre-emptive routing , multi-path routing , power efficient 
routing , fish-eye routing , and numerous styles of flooding are 
examples of techniques that can be ‘switched on’ to improve a 
particular property of an underlying base protocol under certain 
operating conditions, but which may be counterproductive under 
other conditions. Flooding (which is typically used to propagate 
control information) is a particularly rich area in this respect. 
For example, Multipoint Relaying is good at reducing control 
overhead in denser networks, whereas HazySighted Link State 
provides better performance as the network grows in diameter. 
Various epidemic/ gossip algorithms can also be applied in this 
context [7].

Fig. 1: Routing Procedure

A. Switching Between the Protocols
Networking properties such as total order or recovery from 
message loss can be realized by many different protocols. These 
protocols offer the same functionality but are optimized for 
different environments or applications. Hybrid protocols can be 
used to combine the advantages of various protocols, but designing 
them correctly is difficult. The ENSEMBLE system provides a 
mechanism for switching between different protocols at run-time. 
However, it was not clear how to guarantee that the result was 
actually correct, i.e. under what circumstances a switch would 
actually preserve the properties of the individual protocols. A new 
approach to switching is to design a generic switching protocol 
that would serve as a wrapper for a set of protocols with the same 
functionality [8]. The advantages that are obtained using such 
techniques include the following:

Performance - By using the best protocol for a particular • 
network and application behavior, performance can always 
be optimal.
On-line Upgrading - Protocol switching can be used to • 
upgrade network protocols or fix minor bugs at run-time 
without having to restart applications.
Security - System managers will be able to increase security • 
at run-time, for example when an intrusion detection system 
notices unusual behavior.

B. Concept of Embedding Intelligence in MANETs
Standard sensor nodes in the MANETs are intelligent enough to 
sense its surrounding environment and behave accordingly. But 
using of sensor nodes consumes high power thus reducing the 
network lifetime. Also to implement the intelligent functionalities 
in the network with sensor nodes requires more memory space.
Obtaining the advantages of making the network intelligent by 
avoiding such drawbacks is the most challenging task. One way 
to achieve this is by making the network with wireless mobile 
nodes intelligent .Many researches have been made on making the 
network intelligent by using techniques like swarm intelligence. 
Using this technique many new algorithms are developed to make 
the routing efficient in MANETs. Further many proposals are 
made to modify the existing protocols to improve the performance 
by embedding intelligence in the network. Instead, to reduce the 
overhead of modifying the whole network it is advisable to modify 
the computers (switches, hubs, routers, nodes etc.) residing within 
the network [9].

IV. Proposed Work
With the concept of embedding intelligence within the computers 
of the network we propose a technique which enables the nodes to 
sense the surrounding environment and select the suitable protocol 
between AODV and DSDV which are considered to be the best 
among proactive and reactive protocols.
For the real time scenarios and simulations we use NS2.35 simulator 
[10,12]. Node density and the pause time of the environment are 
taken as the cost metrics. So, for the nodes to select between the 
protocols these cost metrics should be obtained.
Initially by varying the node count and the pause time manually we 
observe and analyze through simulations which protocol is giving 
better performance at different stages [11] .i.e. at low density – low 
pause time, low density-high pause time, high density-low pause 
time, high density-high pause time.
Using these results, now by varying and obtaining the node density 
and pause time dynamically we enable the nodes to select the 
appropriate protocol by having conditioned statements like if-
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else [18].

1. Node Density
It is needed to obtain the node density dynamically. That is, leaving 
the nodes which might move out of the dynamic network all 
the remaining nodes are taken in to the count. The count of the 
existing nodes within the network can be obtained by finding all 
the unique identities obtained from the routing table of the routing 
protocol [11]. Since every node in ns2 maintains a routing table, 
to get the exact count of the unique identities we take the square 
root of the overall obtained count.
Exact node count = sqrt (overall unique identities obtained from 
all the nodes' routing tables)

2. Pause Time
In NS2 we have the command of “setdest” which sets the mobility 
pattern. We can retrieve the pause time from the output file obtained 
after executing the “setdest” command. The whole code to retrieve 
the pause time, node count, and the conditioned statements should 
be placed in the network level node configuration file of NS2.34 
[13].

V. Result
By running many simulations by manually varying node count 
from 10 to 100 in steps of 10 and pause time from 10 to 120 in 
steps of 10 we observe that at lower density (< 30 nodes) and 
lower pause time (< 30 sec) AODV outperforms DSDV, and at 
highest density (> 90 nodes) and at highest pause time (> 100 sec) 
DSDV outperforms AODV.

Table 1: Node density Vs. Pause time

With these results inputted at the node level we run the simulations 
for the intelligent selection technique and compare with monolithic 
implementation of AODV and DSDV.
Convergence time, end to end delay, normalized routing load 
are taken as the performance metrics for all the comparisons [5, 
14].

A. Convergence Time

Fig. 2: Convergence Time

By implementing the monolithic behavior of both AODV and 
DSDV from the results it shows that with higher mobility ( lower 
pausetimes,20-40 ) from lower node density ( 20-40 nodes ) to 
moderate node density ( 60-80 nodes ) to higher node density ( 
>80 nodes ) the convergence time is gradually increasing and 
this can be due to the reason that the size of the network plays 
an important role , a larger network will converge slower than a 
small one . The time taken to converge at lower mobility ( higher 
pause times, >80) is less compared to time take at higher mobility 
( lower pause times, 20-40 ) as at lower mobility regions there is 
lesser movement of the nodes . In comparison with AODV and 
DSDV, AODV outperforms DSDV. This phenomenon can be due 
to the flapping interface (an interface that frequently changes its 
state between 'up' and
‘down’) [13].
When DSDV is used, flapping routes can trigger routing updates 
with every state change and this results in increasing the 
convergence time.
Observing the behavior of the intelligent selection technique it 
shows that at the times of lower and moderate node densities(20-70 
nodes ) with varying mobility (20-120 pause times)it performs in 
comparison with AODV. Yet it gives better convergence time as 
the overhead present by having the external linking of the routing 
agent for monolithic implantation of AODV is minimized in the 
intelligent selection technique by allowing the linkage happen 
internally at the nodes itself which results in reducing the time 
to converge . At the times of higher node density (>= 80 nodes) 
with lower mobility (> 90 pause time) this technique performs in 
comparison with DSDV.
By implementing intelligence selection technique the performance 
can be improved by letting the nodes select AODV at the times of 
lower and moderate node densities with varying mobility instead 
of following the monolithic implementation of DSDV which takes 
larger amount of time to converge.
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B. End to end delay

Fig. 3: End to End Delay

Average end-to-end delay of data packets — this includes all 
possible delays caused by buffering during route discovery latency, 
queuing at the interface queue, retransmission delays at the MAC, 
propagation and transfer times .i.e.
d (end to end) = [number of routes + 1]*[d (transmission delay) + 
d (propagation delay) + d (queuing delay) + d (processing delay)] 
[5, 14-15] .
By implementing the monolithic behavior of both AODV and 
DSDV from the results it shows that at low density (20-40 nodes) 
and at high density (>=80 nodes) regions the delay is less at 
lower pause times (higher mobility, 20-40). It is observed that this 
behavior can be due to the fact that, the traffic automatically gets 
more evenly distributed due to node movements hence reducing 
the delay. The delay increases at higher pause times (lower 
mobility,90-120) which is observed that this can be due to a high 
level of network congestion and multiple access interferences at 
certain regions of the ad hoc network. At the moderate density 
regions (40-70 nodes) and at moderate mobility regions (40-80 
pause time) delay is been fairly even [4].
In comparison with AODV and DSDV, DSDV shows lesser delay 
(approximately 85 sec lesser at low density regions and 120 sec 
less at high density and low mobility regions) comparatively. 
The reason behind such behavior can be that it is a proactive 
routing protocol where the routing is table driven. Hence the 
route discovery latency will be reduced thus reducing the delay 
[16]. Also since AODV is on-demand routing protocol and has at 
max one route to the destination in its table if any route breakage 
happens due to the mobility of the nodes it takes longer time for 
the new route discovery and therefore the delay increases.
Observing the behavior of the intelligent selection technique it 
shows that at the times of lower node density (2070 nodes) with 
varying mobility (20-120 pause times) it performs in comparison 
with AODV. Yet the delay obtained using this technique is lesser 
than AODV's which can be due to the reason that the overhead 
present by having the external linking of the routing agent for 
monolithic implantation of AODV is minimized in the intelligent 
selection technique by allowing the linkage happen internally at 
the nodes itself. At the times of higher node density (>= 80 nodes) 
with lower mobility (> 80 pause time) this technique performs in 
comparison with DSDV. By implementing intelligence selection 
technique the performance can be improved by letting the nodes 

select DSDV at the times of higher node density and higher 
mobility instead of following the monolithic implementation of 
AODV which has larger delay.

C. Normalized Routing Load

Fig. 4: Normalized Routing Load

Normalized routing load — the number of routing packets 
transmitted per data packet delivered at the destination. Each 
hop-wise transmission of a routing packet is counted as one 
transmission. The routing load metric evaluates the efficiency of 
the routing protocol.
By implementing the monolithic behavior of both AODV and 
DSDV from the results it shows that at lower density (2040 nodes) 
and at higher mobility (lower pause times, 20-40) the normalized 
routing load is higher. The reason for such kind of behavior can 
be that, with the frequent movement in the nodes there are more 
breakages in the links and the routes between them [17]. Also 
neither protocol has any mechanism for load balancing, i.e., for 
choosing routes in such a way that the data traffic can be more 
evenly distributed in the network. At higher density (>=80 nodes) 
and at lower mobility (higher pause times, > 80) the normalized 
routing load is observed to drop and this phenomenon can be the 
reason that when the mobility reduces the link breakage reduces 
which in turn reduces the load.
At the moderate density (40-70 nodes) and at moderate mobility 
(40-80 pause times) AODV's performance is fairly even but it is 
not the same case with DSDV. Nodes usually get clustered with 
low and moderate mobility, an artifact of our node movement 
(random waypoint) model. This leads to network congestion in 
certain regions in the presence of high traffic. Congestion in turn 
causes link layer feedback to report link failures even when the 
nodes are relatively static and the physical link exists between 
nodes. Such spurious link failures lead to new route discoveries 
in DSDV resulting in increase in normalized routing load.
In comparison with AODV and DSDV, DSDV shows larger 
normalized routing load than AODV.
This phenomenon can be due to the reason that other than the link 
breakage overhead both the protocols need additional bandwidth 
that is consumed by the data packets that are dropped, depending 
on the number of hops they travel before being dropped. But in 
DSDV there is an extra load added as the routing table updates 
often contain the entire routing table. This is accentuated when 
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the mobility increases since more routes need to be fully updated 
in each update. Observing the behavior of the intelligent selection 
technique it shows that at the time of lower and moderate node 
densities (20-70 nodes ) with varying mobility (20-120 pause 
times)it performs in comparison with AODV . At the time of 
higher node density (>= 80 nodes) with lower mobility (> 80 
pause time) this technique performs in comparison with DSDV. 
By implementing intelligence selection technique the performance 
can be improved by letting the nodes select AODV at the time of 
lower and moderate node densities with varying mobility instead 
of following the monolithic implementation of DSDV which has 
larger normalized routing load.

VI. Conclusion
By implementing intelligence selection technique the performance 
can be improved by letting the nodes select AODV at the time of 
lower and moderate node densities with varying mobility instead 
of following the monolithic implementation of DSDV and visa-
versa.
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