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Abstract: As mobile networking continues to experience 

increasing popularity, the need to connect large numbers of 

wireless devices will become more prevalent. Many recent 

proposals for ad hoc routing have certain characteristics 

which may limit their scalability to large networks. Mobile 

Ad Hoc Networks (MANETs) is a collection of wireless 

mobile nodes connected by wireless links forming a 

temporary network without the aid of any infrastructure or 

any centralized administration. Nodes within each other’s 

radio range communicate directly via wireless links, while 

those that are far apart use other nodes as relays in a multi-

hop routing fashion. These protocols typically suffer from a 

number of shortcomings, such as high routing overhead and 

limited scalability. The scalability of current on-demand and 

table driven routing protocols is evaluated through the 

selection of a representative from the class of protocols. The 

performance of the un-modified on-demand protocol and 

table driven routing protocol is compared with each of the 

scalability modifications. Based on the observations, 

conclusions are drawn as to the expected scalability 

improvement which can be achieved by each modification. 

The objective is to thoroughly capture and analyze the 

impact of scalability on MANET performance using reactive 

(AODV) routing protocol and proactive (DSDV) by varying 

number of source nodes in the MANET. For the same, the 

Performance Metrics i.e. Throughput, Packet delivery Ratio 

and end to end delay are used as the parameters to analyze 

the impact of scalability on Reactive and Proactive Routing 

Protocol category in MANET using the NS-2 simulator.  
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I.  INTRODUCTION 

IRELESS networks are getting popular nowadays 

as people are starting to familiarize with mobile 

and cellular devices such as mobile phones, notebooks, 

tablets etc. In 1985, industrial, scientific, and medical 

(ISM) frequency bands were launched, so that they can be 

used without having the license from Federal 

Communications Commission (FCC) [1]. People are now 

becoming more and more aware of the various uses of 

wireless networks. Because of the portability of the 

mobile devices, the mobile users are encouraged to 

communicate with each other by using the mobile 

devices. Instead of disposing with network, the wired 

network is actually enhanced to support communication 

between wireless network and wired network. Wireless 

networking is an up-coming technology allowing the 

users to get access of the information and services 

electronically, regardless of the geographical position. 

II.  MANETs 

Mobile Ad Hoc Networks (MANETs) [2] has become one 

of the most popular areas of research today because of the 

challenges it pose to the related protocols. MANET is the 

upcoming technologies which make the users 

communicate without any physical infrastructure 

regardless of their location, that’s why it is referred to as 

an ―infrastructure less network. They can have multi hop 

to the destination. These networks have various 

advantages like rapid deployment, robustness, flexibility 

and inherent support for mobility. This flexibility of self 

configuring and self administration makes it attractive for 

various applications like in military operations, wireless 

mesh networks; wireless sensor networks etc. Due to the 

wireless nature of Mobile Ad hoc networks, the routing 

protocol is a critical issue and challenges to make it more 

efficient and reliable. An ad-hoc network is self-

organizing and adaptive. Devices in mobile ad hoc 

network should be capable of detecting the presence of 

other devices and perform necessary set up to facilitate 

communication and sharing of data and service. Ad hoc 

networking enables the devices to maintain connections to 

the network so that they can be easily added and removed 

to and from the network. The network topology may 

change rapidly and unpredictably over time due to nodal 

mobility. The network is decentralized, where network 

organization and message delivery must be executed by 

the nodes themselves. Because there is a frequent 

fluctuations in the topology, message routing is a problem 

in a decentralize environment. While the shortest path 

from a source to a destination based on a given cost 

function in a static network is usually the optimal route, 

this concept is difficult to extend in MANET. The set of 

applications for MANETs are highly diverse in nature, 

ranging from the large-scale, mobile, highly dynamic 

networks, to small, static networks that are constrained by 

power sources. Besides these applications that move from 

traditional infrastructure environment to the ad hoc 

context, a great deal of new services can and will be 

generated for the new environment. MANET is more 

exposed than wired network because of the mobile nodes, 

threats from compromised nodes inside the network, 

limited physical security, dynamic topology, scalability 

and lack of centralized management. Because of these 

vulnerabilities, MANET is more prone to malicious 

attacks. 

 

The following figure raises the issue of symmetrical and 

asymmetrical links Node 1  is within the frequency range 

W 
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of node 3, then Node 3 is within frequency range of Node 

1. This is a two-way communication, that’s why the 

communication links are symmetrical. Although this 

assumption is not always valid, it is usually made because 

routing in asymmetrical network is relatively a difficult 

task. In certain cases, it is possible to find routes that 

could avoid asymmetrical links, since it is likely that these 

links frequently fail. 

 

 

Figure1: Mobile AD-hoc Network 

 

A.  Ad-hoc Networks Versus Mobile Ad-hoc Networks 

 

Ad-hoc networks form instantaneously without the need 

of any infrastructure or centralized controller. This type of 

peer-to-peer system results that each node, or user, in the 

network can act as a data endpoint or intermediate 

repeater. Thus, all users work simultaneously to improve 

the reliability of network communications. These 

networks are also popularly called as "mesh networks" 

because the topology of network communications 

resembles a mesh. 

The redundant and the unnecessary communication paths 

provided by ad hoc mesh networks significantly improve 

the fault tolerance for the network. Also, the ability of the 

data packets to "hop" from one user to other effectively 

extends the network coverage area and provides a solution 

to defeat non-line of sight (LOS) issues. 

Mobile & wireless applications provide additional 

challenges for mesh networks as changes to the network 

topology are highly dynamic and widespread in nature. 

Such situations require the Mobile Ad hoc Networking 

(MANET) technology, so as to maintain the 

communication routes updated quickly and accurately. 

MANETs are self-forming, self-maintained, and self-

healing, thereby allowing for extreme network flexibility. 

While MANETs can be completely self contained, they 

can also be tied to an IP-based global or local networks. 

 

 

Figure 2:  Cellular Network VS Mobile Ad-hoc network [3] 

B. MANET Challenges  

In spite of the attractive and wide applications, the 

features of MANET introduce several challenges [4,5] 

that must be analysed carefully before a wide commercial 

implementation can be expected. These include: 

 Routing: Since the topology of the network is 

constantly changing and dynamic, the issue of 

routing packets between any pair of nodes 

becomes a very challenging task. Most protocols 

should be based on reactive routing as a 

substitute to proactive. Due to the random 

movement of nodes within the network, multi 

cast routing is another challenge because the 

multi cast tree is no longer static. Routes 

between nodes may potentially contain multiple 

hops, which is more complex than the single hop 

communication.  

 Reliability & Security: In addition to the 

common vulnerabilities of wireless connection, 

an ad hoc network has its own particular security 

problems due to nasty neighbour relaying 

packets. The advantage of distributed operation 

requires different schemes of authentication and 

key management. Further, wireless link 

characteristics introduce also reliability 

problems, because of the limited range of 

wireless transmission, the broadcast nature of the 

wireless medium (e.g. hidden terminal problem), 

mobility-induced packet losses, and data 

transmission errors.  

 Quality of Service (QoS): Implementing different 

quality of service levels in a constantly dynamic 

environment will be a challenge. The intrinsic 

random feature of communications quality in a 

MANET makes it more difficult to offer fixed 

guarantees on the services offered to a device. 

An adaptive QoS must be implemented over the 

traditional resource reservation to support the 

multimedia services.  

 Inter-networking: In addition to the 

communication within an ad hoc network, inter-

networking between the different MANETs and 

fixed networks (mainly IP based) is often 

expected in many cases. The coexistence of 

routing protocols in such a mobile device is a 

challenge for the harmonious mobility 

management.  

 Power Consumption: For most of the light-

weight mobile terminals, the communication-

related functions should be optimized for lean 

power consumption. Conservation of power and 

power-aware routing must be taken into 

consideration.  

 Multicast: Multicast is desirable to support 

multiparty wireless communications. Since the 

multicast tree is no longer static, the multicast 

routing protocol must be able to cope with 

mobility including multicast membership 

dynamics (leave and join).  

 Location-aided Routing: Location-aided routing 

uses positioning information to define associated 
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regions so that the routing is spatially oriented 

and limited. This is analogous to associatively-

oriented and restricted broadcast in ABR.  

 

C.  MANET Vulnerabilities 

Vulnerability is a loophole in security system. A 

particular system may be sensitive to unauthorized data 

manipulation because the system does not check and 

validate a user’s identity before allowing data access. 

MANET is more vulnerable (prone to attack) than wired 

network. Some of the vulnerabilities are as follows:- 

 Lack of centralized management: MANET 

doesn’t have a centralized monitor server. The 

detection of attacks makes difficult due to the 

absence of management as it is not east to 

monitor the traffic in a highly dynamic and large 

scale ad-hoc network. Lack of centralized 

management will obstruct trust management for 

nodes. 

 Resource availability: Resource availability is a 

critical issue in MANET. Providing secure 

communication in such dynamic environment as 

well as protection against specific threats and 

attacks, leads to development of various security 

schemes and architectures. Collaborative ad-hoc 

environments also allow implementation of self-

organized security mechanism system. 

 Scalability: As the nodes are highly mobile in the 

ad-hoc networks, scale of ad-hoc network 

changing all the time. So scalability is a major 

issue concerning security. Security mechanism 

should be capable of handling a large network as 

well as small ones. 

 Cooperativeness: Routing algorithm for 

MANETs usually has an assumption that nodes 

are helpful and non-malicious. As a result a 

malicious attacker can easily become an 

important routing agent and disrupt network 

operation by not obeying the protocol 

specifications. 

 Dynamic topology: Dynamic topology and 

changeable nodes membership may disturb the 

trust relationship among nodes. The trust may 

also be disturbed if some nodes are detected as 

compromised. This dynamic behaviour could be 

better sheltered with distributed and adaptive 

security mechanisms. 

 Limited power supply: The nodes in mobile ad-

hoc network need to consider restricted power 

supply, which will cause several problems. A 

node in mobile ad-hoc network may behave in a 

selfish manner when it is finding that there is 

only limited power supply. 

 Bandwidth constraint: Variable low capacity 

links exists as compared to wireless network 

which are more susceptible to external noise, 

interference and signal attenuation effects. 

 Adversary inside the Network: The mobile nodes 

within the MANET can freely join and leave the 

network. The nodes within network may also 

behave maliciously. This is very difficult to 

detect that the behaviour of the node is 

malicious. Thus this attack is more dangerous 

than the external attack. These nodes are called 

compromised nodes. 

 No predefined Boundary: In mobile ad- hoc 

networks it is very difficult to define a physical 

boundary of the network. The nodes work in a 

nomadic environment where they are allowed to 

join and leave the wireless network. As soon as 

an adversary comes in the frequency range of a 

node it will be able to communicate with that 

node. The attacks include Eavesdropping 

impersonation; tempering, replay and Denial of 

Service (DoS) attack [6]. 

 

 

III.  RESEARCH METHODOLOGY 

To solve these challenges and vulnerabilities, the 

scalability of the AODV & DSDV routing protocols are 

studied using the NS-2 simulator with the different nodes 

that is 10, 20, 30, 40, 80. The objective is to analyze the 

impact of scalability in Ad hoc On Demand Distance 

vector (AODV) and Destination-Sequenced Distance-

Vector Routing (DSDV) protocol based on throughput, 

packet delivery ratio and end to end delay in MANETs. 

The network with different scenarios are experimented by 

varying the number of resources and the total number of 

nodes in the network. Simulation is performed by once 

varying the resources and keeping the number of nodes 

fixed and in the other scenario the vice versa situation is 

chosen and then analyzed the performance of the network 

with AODV and DSDV routing protocols. 

Throughput: The average rate at which the total number 

of data packet is delivered successfully from one node to 

another over a communication network is known as 

throughput. The result is found as per KB/Sec. It is 

calculated by 

Throughput= (number of delivered packet * packet 

size) / total duration of simulation. 

Packet delivery Ratio: This is the ratio of total number of 

packets successfully received by the destination nodes to 

the number of packets sent by the source nodes 

throughout the simulation. 

End-to-end delay means the time required for a packet to 

be traversed from source to destination in the network and 

is measured in seconds. 

 

IV.  SIMULATION STUDY & RESULTS ANALYSIS 

The simulation work is done by using the NS-2 simulator. 

A.  Network Simulator (NS-2) 

Network simulator (NS-2) is an open source, discrete 

event simulation tool. It provides support for simulation 

of routing, multicast protocols and IP protocols over 

wired, wireless and satellite networks. It can generate 
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graphical details of network traffic through the NAM. It  

is programmed in  the  C++  programming  language  with  

the  Object  Tool Common  Language  (OTCL)  as  the  

front-end  interpreter. For this dissertation NS-2(version 

NS-2.33) was chosen as a network simulator. 

 NS-2 Structure: To simulate the network, user 

has to program with OTCL script language to 

initiate an event scheduler and set up the network 

topology using the network objects and tell 

traffic sources when to start and stop transmitting 

packets through the event scheduler. OTCL 

script is executed by NS-2. Figure 3 shows the 

simplified user view of NS. 

 

Figure 3: Simplified user’s view of NS[7] 

 NAM: The Network Animator NAM is a graphic 

tool used with NS-2. It requires a nam-trace file 

recorded during the simulation .It will then show 

a visual representation of the simulation. NAM 

window is shown in Figure 4 
                       

 

Figure 4: NAM Animator[7] 

 Agents: Agents are defined as the endpoints 

where packets are created and consumed. The 

agents are all connected to their parent class, 

simply named Agent. This is where their general 

behavior is set and the offspring classes are 

based on some alterations to the inherent 

functions in the parent class. The modified 

functions will overwrite the old and thereby 

change the performance in order to simulate the 

desired protocol. 

 X-Graph: One part of the NS-all in one package 

is 'x graph', a plotting program which can be 

used to create graphic representations of 

simulation results. Example of x-graph is shown 

in Figure 5. 

 

Figure 5 : X-Graph[7] 

B.  Performance Analysis 

 

To investigate the scalability in AODV routing protocol, 

we have simulated the scenarios of MANET by varying 

the number of resources in the network.  

To test the protocol, we used simulations of a network 

with first 10 nodes then 20, 30, 40 and finally 80. We 

have conducted four scenarios of the network with AODV 

& DSDV routing protocol by increasing the number of 

resources, first 20% of the nodes then 40%, 60% and 

Simulator  Ns-2(2.33) 

Simulation Time 500(s) 

Number of Mobile Nodes 10,20,30,40,80 

Mobility Model Random Waypoint Model 

Number of Resources 2,4,6,8,12,16,18,24,32,48,64 

Topology 500m x500m 

Transmission Range 200m 

Routing Protocols   AODV,DSDV 

Traffic Constant Bit Rate(CBR)  

Pause Time 10(s) 

Packet Size 10 Kbits 
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finally 80%, so in the case of 10 nodes the resources 

chosen were 2,4,6,8 and similarly for all other scenarios. 

We then compared the results of these simulations under 

various scenarios. 

 C. Network Scenario in Nam 

 In all the scenarios tested, the same nodes are acting as a 

source sending to the same destination but in each 

scenario, every node exhibits different movements. For 

each scenario, nodes move from a random starting point 

to a random destination with a speed that is randomly 

chosen in a 500 x 500 meter flat space. Total simulation 

time is set to 500 seconds and the CBR connections 

started at the first second of the scenario and lasts for 450 

seconds. 

In the scenarios chosen, CBR parameters are set to have 

packet sizes of 512 bytes, and data rates of 10 Kbits per 

sec. For each scenario, the four simulations are 

performed. 

 

V.  RESULTS AND DISCUSSION 

 The results of these simulations are compared to 

understand the network and node behaviours. In the four 

simulations of network, the variation of data loss due to 

network parameters is noticed. 

Scenario 1: when 10 nodes are considered :In this 

scenario, total 10 nodes are taken  and varied the number 

of resources to 2, 4, 6 and then finally 8. 

 

 

From the results of simulation it is concluded that the 

performance of the AODV routing protocol (Reactive 

routing protocol) is best amongst the routing protocols 

considered in this scenario. The packet delivery ratio of 

AODV is not varied by increasing the number of 

resources whereas the end to end delay is also the lowest 

for the AODV as compared to others. Throughput in each 

scenario remains almost constant. Thus it is concluded 

that the AODV routing protocol is best in this scenario. 

Scenario 2 :when 20 nodes are considered: In this 

scenario, total 20 nodes are taken  and varied the number 

of resources to 4, 8, 12 and then finally 16 

.   

 

 

Similar to scenario 1 the packet delivery ratio of AODV is 

not varied by increasing the number of resources whereas 

the end to end delay is also the lowest for the AODV as 

compared to others. Throughput in this scenario has 

increased as compared to the previous scenario 
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Scenario 3: when 30 nodes are considered: In this 

scenario, total 30 nodes are taken and varied the number 

of resources to 6, 12, 18 and then finally 24. 

 

  

 

The packet delivery ratio of AODV has no affect by 

increasing the number of resources or the network size 

whereas the throughput of the network has increased with 

the increase in the number of nodes in the network for 

each protocol. 

Scenario 4:when 40 nodes are considered: In this 

scenario, total 40 nodes are taken  and varied the number 

of resources to 8, 16, 24 and then finally 32. 

 

 

 

The packet delivery ratio of AODV has no affect by 

increasing the number of resources or the network size 

whereas the throughput of the network has increased with 

the increase in the number of nodes in the network for 

each protocol.  

Scenario 5: when 80 nodes are considered: In this 

scenario, total 30 nodes are taken and varied the number 

of resources to 16, 32, 48 and then finally 64. 
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The results of the simulation for this scenario show that 

the end to end delay of the network has increased and is 

highest for this scenario amongst all scenarios. This is due 

to the fact that as the network size is increased the time 

taken by the packet to reach the destination increases thus 

increasing the overall end to end delay. The throughput of 

the network has also increased in this scenario as 

compared to the entire scenario taken in this simulation. 

The packet delivery ratio for the AODV has no affect by 

varying the number of resources or the network size.  

From the results of simulation it is concluded that the 

performance of the AODV routing protocol (Reactive 

routing protocol) is best among the all considered routing 

protocols (AODV, DSDV) . From the category of 

remaining routing protocol it was seen that the 

performance of the DSDV routing protocol is better. The 

performance of the AODV protocol is better in each 

network scenario studied in the simulation. Thus the 

Reactive Routing protocols are more scalable as 

compared to the Proactive routing protocols.   

 

CONCLUSION 

The routing protocols proposed thus far can be broadly 

categorized into two classes depending on the mechanism 

used to gather routing information. The proactive routing 

protocols are modified versions of the distance vector and 

link state algorithms used in the wired networks. These 

protocols maintain updated routing tables that contain 

routes to all reachable nodes in the network. This 

information is disseminated in the network by nodes 

broadcasting their routing tables to their neighbors. The 

reactive ad-hoc protocols create and maintain routes to 

destinations only when they are needed. These protocols 

repair or re establish routes if the routes break when the 

network topology changes. The two classes of ad-hoc 

algorithms, and the algorithms within the classes, have 

their own advantages and disadvantages. Proactive 

routing protocols maintain routes to destinations even 

before they are requested and should theoretically route 

faster than on-demand algorithms that have delays due to 

the route discovery process. However, the periodic update 

messages used by the table-driven schemes create 

considerable routing overhead leading to congestion 

which negatively affects data packet throughput and 

creates delays. Reactive algorithms only create routes on-

demand and thus save on the resources used for period 

update messages. These observations are, however, 

derived from brief qualitative comparison studies of the 

proposed protocols. In the task of selecting a routing 

algorithm for an ad-hoc network application, such studies 

are limited in their usefulness. What is required is a 

thorough quantitative performance analysis and 

comparison of the protocols on common, realistic 

platform. 

In the present study, the scalability issues are analyzed 

with respect to the performance parameters of throughput, 

packet delivery ratio and end to end delay. The analysis 

using AODV shows better performance than the other 

routing protocols being currently used. It has been 

observed during simulation that the throughput, packet 

delivery ratio and end to end delay in the network vary 

with the changes in the parameters of considered 

scenarios (10, 20,30,40,80 nodes). However the 

performance of the AODV protocol is not affected by the 

changes in the parameters during the simulation in 

considered scenarios. From the simulation results it has 

been concluded that the reactive routing protocol (AODV) 

shows better performance than the proactive routing 

protocol (DSDV). The packet delivery ratio of the AODV 

is not altered by increase in the network size whereas the 

packet delivery ratio of the DSDV routing protocol 

increases by increase in the network size. The throughput 

of both routing protocols increases with the increase in the 

network size. So from the simulation study it has been 

concluded that AODV routing protocol performs better 

even if the network size is increased.  
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