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Abstract— Mobile Ad hoc Networks (MANETs) finds 

tremendous application in modern communication networks 

comprising of diversified devices running on heterogeneous 

platforms, yet communicating with each other so as to 

provide seamless services. A MANET is a collection of 

wireless mobile nodes which may form a temporary network, 

without the use of any fixed infrastructure or centralized 

administration. Nodes rely on multi-hop routing protocols to 

forward data packets sent from a source node to a destination 

node which is out of its transmission range. Every node may 

function both as a data source and a router that forward data 

for other nodes. As the nodes are battery driven which is a 

resource that needs to be optimized, the nodes are 

programmed to become selfish once the residual energy level 

of the batteries reached the specified critical stage. At this 

stage, the node enters into "battery saving mode" in which it 

reduces its functionality significantly. Most of the nodes are 

programmed to become selfish, i.e., these nodes stop working 

as relay nodes to forward the packet, but accepts only those 

packets which are intended for these nodes. However, this 

node behavior changes the overall efficiency of the network 

dramatically as the MANETs operate without any centralized 

control. In this Paper, a dynamic selfishness scheme is 

proposed for the mobile nodes so as to prolong network 

lifetime, while at the same time, maximizing the throughput 

by minimizing the loss due to packet dropping. Simulation is 

carried using MATLAB and the theoretical results are 

compared with simulation to validate the model. 
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I. INTRODUCTION 

The recent years saw tremendous growth in hardware and 

software technologies and consequently, the communication 

networks which historically consists of telephones and later 

on, consists of desktops, now-a-days consists of computers, 

laptops, cell phones, wireless motes, and even consumer 

electronic devices. Essentially, there are two types of 

computer networks 

 Networks with Infrastructure 

 Networks without Infrastructure 

Wireless mobile networks have traditionally been 

based on the cellular concept and relied on good 

infrastructure support, in which mobile devices communicate 

with access points like base stations connected to the fixed 

network infrastructure. Typical examples of this kind of 

wireless networks are GSM, CDMA, UMTS, WLL, WLAN, 

etc [1]. 

As to infrastructure less approach, the mobile 

wireless network is commonly known as a Mobile Ad Hoc 

Network (MANET). A MANET is a collection of wireless 

nodes that can dynamically form a network to exchange 

information without using any pre-existing fixed network 

infrastructure [2]. This is a very important part of 

communication technology that supports truly pervasive 

computing, because in many contexts information exchange 

between mobile units cannot rely on any fixed network 

infrastructure, but on rapid configuration of a wireless 

connections on-the-fly. Wireless ad hoc networks themselves 

are an independent, wide area of research and applications, 

instead of being only just a complement of the cellular 

system. 

In this Paper, the fundamental problems of ad hoc 

networking is described by giving its related research 

background including the concept, features, status, and 

applications of MANET. Some of the technical challenges 

MANET poses are also presented. Some of the key research 

issues for ad hoc networking technology are discussed in 

detail that are expected to promote the development and 

accelerate the commercial applications of the MANET 

technology. 

The basic characteristic of these networks is the 

complete lack of any kind of infrastructure, and therefore the 

absence of dedicated nodes that provide network 

management operations like the traditional routers in fixed 

networks. In order to maintain connectivity in a mobile ad hoc 

network, all the participating nodes have to perform routing 

of network traffic. The cooperation of nodes cannot be 

enforced by a centralized administration authority since it 

does not exist. Therefore, a network layer protocol designed 

for such self-organized networks must enforce connectivity 

and security requirements in order to guarantee the 

undisrupted operation of the higher layer protocols. 

 
Fig. 1: Wireless Network Types (a) Infrastructure Network 

(Wireless LAN) (b) Ad-Hoc Network 

In figure 1.1 (a), a typical wireless LAN 

implemented using Access Points is shown. In figure 1.1(b), 

an Ad-Hoc Network is shown without any central router or 

other network management device. The entire system work 
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in ad-hoc way. The intermediate nodes acts as relay nodes for 

transfer of data packets from a node to a distance node. The 

dashed circles show the transmission ranges. It is evident that 

there exist a possible path from every node to every other 

node in the network. 

A. Mobile Ad Hoc Networks 

A mobile ad hoc network is a collection of wireless nodes that 

can dynamically be set up anywhere and anytime without 

using any pre-existing network infrastructure. It is an 

autonomous system in which mobile hosts connected by 

wireless links are free to move randomly and often act as 

routers at the same time.  

The traffic types in ad hoc networks [3] are quite 

different from those in an infrastructure wireless network, 

including: 

1) 1. Peer-to-Peer: Communication between two nodes 

which are within one hop.    Network traffic (Bps) is 

usually consistent. 

2) 2. Remote-to-Remote: Communication between two 

nodes beyond a single hop but which maintain a stable 

route between them. This may be the result of several 

nodes staying within communication range of each other 

in a single area or possibly moving as a group. The traffic 

is similar to standard network traffic. 

3) 3. Dynamic Traffic: This occurs when nodes are 

dynamic and moving around. Routes must be 

reconstructed. This results in a poor connectivity and 

network activity in short bursts. 

In the next generation of wireless communication 

systems, there will be a need for the rapid deployment of 

independent mobile users. Significant examples include 

establishing survivable, efficient, dynamic communication 

for emergency/rescue operations, disaster relief efforts, and 

military networks. Such network scenarios cannot rely on 

centralized and organized connectivity, and can be conceived 

as applications of Mobile Ad Hoc Networks. A MANET is 

an autonomous collection of mobile users that communicate 

over relatively bandwidth constrained wireless links. Since 

the nodes are mobile, the network topology may change 

rapidly and unpredictably over time. The network is 

decentralized, where all network activity including 

discovering the topology and delivering messages must be 

executed by the nodes themselves, i.e., routing functionality 

will be incorporated into mobile nodes. 

The set of applications for MANETs is diverse, 

ranging from small, static networks that are constrained by 

power sources, to large-scale, mobile, highly dynamic 

networks. The design of network protocols for these networks 

is a complex issue. Regardless of the application, MANETs 

need efficient distributed algorithms to determine network 

organization, link scheduling, and routing. However, 

determining viable routing paths and delivering messages in 

a decentralized environment where network topology 

fluctuates is not a well-defined problem. While the shortest 

path (based on a given cost function) from a source to a 

destination in a static network is usually the optimal route, 

this idea is not easily extended to MANETs. Factors such as 

variable wireless link quality, propagation path loss, fading, 

multiuser interference, power expended, and topological 

changes, become relevant issues. The network should be able 

to adaptively alter the routing paths to alleviate any of these 

effects. Moreover, in a military environment, preservation of 

security, latency, reliability, intentional jamming, and 

recovery from failure are significant concerns. Military 

networks are designed to maintain a low probability of 

intercept and/or a low probability of detection. Hence, nodes 

prefer to radiate as little power as necessary and transmit as 

infrequently as possible, thus decreasing the probability of 

detection or interception. A lapse in any of these requirements 

may degrade the performance and dependability of the 

network. 

A mobile ad-hoc network (MANET) is a wireless 

network among mobile devices. A MANET, in general, met 

the following requirements as far as possible: 

1) All nodes are regarded as equal, forming a peer-to-peer 

net without dedicated servers or routers. 

2) All nodes are mobile, thus the net’s topology is changing 

over time. 

3) The net is too big for direct communication between 

every pair of nodes, thus multi-hop communication is 

required. 

4) The net is dynamic (nodes may join or leave the net at 

any time) and self-organizing. 

5) The net is publicly accessible, thus participating nodes 

may not have to be pre-authorized and unknown clients 

may be allowed to join the net. 

6) Nodes may consist of a wide range of devices with 

different resources (including PCs, laptops, PDAs, cell 

phones, etc.) 

7) In addition a hybrid MANET is sometimes referred to as 

meaning a MANET with one or more fixed base stations 

which might provide additional services or act as a 

gateway into other nets. 

B. MANET Applications [4] 

With the increase of portable devices as well as progress in 

wireless communication, ad hoc networking is gaining 

importance with the increasing number of widespread 

applications. Ad hoc networking can be applied anywhere 

where there is little or no communication infrastructure or the 

existing infrastructure is expensive or inconvenient to use. Ad 

hoc networking allows the devices to maintain connections to 

the network as well as easily adding and removing devices to 

and from the network. The set of applications for MANETs 

is diverse, ranging from large-scale, mobile, highly dynamic 

networks, to small, static networks that are constrained by 

power sources. Besides the legacy applications that move 

from traditional infrastructure environment into the ad hoc 

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

for the new environment. Typical applications of MANETS 

are listed below: 

1) Military equipment now routinely contains some sort of 

computer equipment. Ad hoc networking would allow 

the military to take advantage of commonplace network 

technology to maintain an information network between 

the soldiers, vehicles, and military information 

headquarters. The basic techniques of ad hoc network 

came from this field. 

2) Ad hoc can be used in emergency/rescue operations for 

disaster relief efforts, e.g. in fire, flood, or earthquake. 

Emergency rescue operations must take place where 
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non-existing or damaged communications infrastructure 

and rapid deployment of a communication network is 

needed. Information is relayed from one rescue team 

member to another over a small handheld. Other 

commercial scenarios include e.g. ship-to-ship ad hoc 

mobile communication, law enforcement, etc. 

3) Ad hoc networks can autonomously link an instant and 

temporary multimedia network [5] using notebook 

computers or palmtop computers to spread and share 

information among participants at a e.g. conference or 

classroom. Another appropriate local level application 

might be in home networks where devices can 

communicate directly to exchange information. 

Similarly in other civilian environments like taxicab, 

sports stadium, boat and small aircraft, mobile ad hoc 

communications will have many applications. 

4) Short-range MANET [6] can simplify the 

intercommunication between various mobile devices 

(such as a PDA, a laptop, and a cellular phone). Tedious 

wired cables are replaced with wireless connections. 

Such an ad hoc network can also extend the access to the 

Internet or other networks by mechanisms e.g. Wireless 

LAN (WLAN), GPRS, and UMTS. The PAN is 

potentially a promising application field of MANET in 

the future pervasive computing context.  

5) Immediate bedside access to patient information for 

doctors and hospital staff. 

6) Easy, real-time network access for on-site consultants or 

auditors. 

7) Improved database access for roving supervisors such as 

production line managers, warehouse auditors, or 

construction engineers. 

8) Simplified network configuration with minimal MIS 

involvement for temporary setups such as trade shows or 

conference rooms. 

9) Faster access to customer information for service 

vendors and retailers, resulting in better service and 

improved customer satisfaction. 

10) Location-independent access for network administrators, 

for easier on-site troubleshooting and support. 

11) Real-time access [7, 8] to study group meetings and 

research links for students. 

The field of wireless and mobile communications 

has experienced an unprecedented growth during the past 

decade. Current second-generation (2G) cellular systems 

have reached a high penetration rate, enabling worldwide 

mobile connectivity. Mobile users can use their cellular 

phone to check their email and browse the Internet. Recently, 

an increasing number of wireless local area network (LAN) 

hot spots is emerging, allowing travellers with portable 

computers to surf the Internet from airports, railways, hotels 

and other public locations. Broadband Internet access is 

driving wireless LAN solutions in the home for sharing 

access between computers. In the meantime, 2G cellular 

networks are evolving to 3G, offering higher data rates, 

infotainment and location-based or personalized services. 

However, all these networks are conventional wireless 

networks, conventional in the sense that as prerequisites, a 

fixed network infrastructure with centralized administration 

is required for their operation, potentially consuming a lot of 

time and money for set-up and maintenance. Furthermore, an 

increasing number of devices such as laptops, personal digital 

assistants (PDAs), pocket PCs, tablet PCs, smart phones, 

MP3 players, digital cameras, etc. are provided with short-

range wireless interfaces. In addition, these devices are 

getting smaller, cheaper, more user friendly and more 

powerful. This evolution is driving a new alternative way for 

mobile communication, in which mobile devices form a self-

creating, self-organizing and self-administering wireless 

network, called a mobile ad hoc network.  

The other advantages for WLAN include cost-

effective network setup for hard-to-wire locations such as 

older buildings and solid-wall structures and reduced cost of 

ownership particularly in dynamic environments requiring 

frequent modifications, thanks to minimal wiring and 

installation costs per device and user. WLANs liberate users 

from dependence on hard-wired access to the network 

backbone, giving them anytime, anywhere network access. 

This freedom to roam offers numerous user benefits for a 

variety of work environments as listed above. 

C. MANET Challenges [9, 10] 

Regardless of the attractive applications, the features of 

MANET introduce several challenges that must be studied 

carefully before a wide commercial deployment can be 

expected. These include: 

1) Routing 

Since the topology of the network is constantly changing, the 

issue of routing packets between any pair of nodes becomes 

a challenging task. Most protocols should be based on 

reactive routing instead of proactive. Multicast routing is 

another challenge because the multicast tree is no longer 

static due to the random movement of nodes within the 

network. Routes between nodes may potentially contain 

multiple hops, which is is more complex than the single hop 

communication between the nodes. 

2) Security and Reliability 

In addition to the common vulnerabilities of wireless 

connection, an ad hoc network has its particular security 

problems due to e.g. nasty neighbour relaying packets. The 

feature of distributed operation requires different schemes of 

authentication and key management. Further, wireless link 

characteristics introduce also reliability problems, because of 

the limited wireless transmission range, the broadcast nature 

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

mobility-induced packet losses, and data transmission errors. 

3) Quality of Service (QoS) 

Providing different quality of service levels in a constantly 

changing environment will be a challenge. The inherent 

stochastic feature of communications quality in a MANET 

makes it 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. 

4) 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. 

These MANETs have a highly dynamic behavior. 

Modeling such dynamics and creating a reference model on 

which results could be compared and reproduced. Such a 
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model will be of immense help in the cost and resource 

estimation for a wide range of networks. 

D. MANET Security Issues [10]  

Security is the combination of processes, procedures, and 

systems used to ensure confidentiality, authentication, 

integrity, availability, access control, and nonrepudiation. 

The following are the security issues related with MANET. 

1) Confidentiality 

Confidentiality is to keep the information sent unreadable to 

unauthorized users or nodes. MANET uses an open medium, 

so usually all nodes within the direct transmission range can 

obtain the data. One way to keep information confidential is 

to encrypt the data, and another technique is to use directional 

antennas. 

2) Authentication 

Authentication is to be able to identify a node or a user, and 

to be able to prevent impersonation. In wired networks and 

infrastructure-based wireless networks, it is possible to 

implement a central authority at a point such as  a router, base 

station, or access point. But there is no central authority in 

MANET, and it is much more difficult to authenticate an 

entity. 

3) Integrity 

Integrity is to be able to keep the message sent from being 

illegally altered or destroyed in the transmission. When the 

data is sent through the wireless medium, the data can be 

modified or deleted by malicious attackers. The malicious 

attackers can also resend it, which is called a replay attack. 

4) Non-Repudiation 

Non-repudiation is related to a fact that if an entity sends a 

message, the entity cannot deny that the message was sent by 

it. By producing a signature for the message, the entity cannot 

later deny the message. In public key cryptography, a node A 

signs the message using its private key. All other nodes can 

verify the signed message by using A’s public key, and A 

cannot deny that its signature is attached to the message. 

5) Availability 

Availability is to keep the network service or resources 

available to legitimate users. It ensures the   survivability of 

the network despite malicious incidents. Moreover, the 

network must provide end to end connectivity even if some 

of the nodes in the network runs out of the battery. Also, in 

case of low battery condition, the node achieves a state of 

selfishness which critically affects network performance.   

6) Access Control 

Access control is to prevent unauthorized use of network 

services and system resources. Obviously, access control is 

tied to authentication attributes. In general, access control is 

the most commonly thought of service in both network 

communications and individual computer systems. 

II. PROBLEM DEFINITION AND RESEARCH APPROACH 

As stated already, a MANET consists of mobile nodes which 

forms a network without any centralized control. Also, the 

nodes are portable and battery driven, and therefore, the 

optimal power consumption is a critical aspect. In most of the 

sensor node deployments, the nodes, after entering in the low 

battery stage, reduce the functionality before being dead 

completely, so as to prolong the battery life. In this mode, 

these node stops being working as relay nodes and accepts 

only those packets which are destined for these nodes. These 

node when receives some packet to forward, drop it simply 

so save battery expenditure that might happen in packet 

forwarding. This aspect of node behavior is called 

selfishness. However, such selfishness seriously affects the 

efficiency of the network as it can disconnect the entire 

network or may lead to unwanted packet traffic to a single 

route. In this Paper, a technique is proposed to model the node 

selfishness as a function of network graph parameters. 

Essentially, connectivity parameters of the network is 

tabulated and the selfishness behavior in the nodes is modeled 

as a function of the graph parameters. All the nodes which are 

part of the Minimal Connected Dominating Set (MCDS) 

cannot be allowed to attain selfishness in a specific interval. 

Thus, network connectivity is ensured. As the network 

topology is dynamically changing and new routes are 

discovered from source to destination using Route Request 

(RREQ) and Route Reply (RREP) service primitives, the 

selfishness behavior is suppressed in the selective nodes in 

evenly manner. Additionally, modified static and dynamic 

routing (DSR and AODV) is also suggested so as to exclude 

the nodes which are under critical residual battery power. 

Mathematical model of MANET is developed using 

MATLAB with the standard parameters. The network 

lifetime is defined as the time since the start of the operation 

of the network to the time when the first node in the network 

runs out of the battery. The simulation results shown network 

lifetime improvement while at the same time, minimizing the 

packet loss due to packet dropping by virtue of the selfishness 

property. The simulation results shows agreement with the 

analytical equations derived for the model and this proves the 

validity of the model. The probability analysis of the data 

packets is used for modeling of the packet traffic and is 

analyzed for varying packet traffic as well as for a node 

movement from very slow to a very fast manner. 

This paper is organized as follows. Section 1 presents an 

overview of the subject matter and gives the problem 

statement and the approach for the research. Section 2 

provides the detailed overview of problem statement and 

research approach. Section 3 presents the proposed model for 

MANET based on techniques for network lifetime 

enhancement. Section 4 gives the simulation results and the 

plots for efficiency and effectiveness of the proposed scheme. 

Section 5 concludes the Paper and provides an insight for 

future prospective of the work. 

III. PROPOSED WORK 

A. Connected Dominating Set 

A connected dominating set (CDS) is a subset of the nodes 

such that it forms a Dominating Set (DS) and all the nodes in 

the DS are connected. In other words, it is the subset of nodes 

out of which, if any node is removed from the graph, it leaves 

the graph disconnected. An example of CDS is shown in 

figure 3.1. In this figure, the nodes encircled in red forms a 

CDS. 
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Fig. 2: CDS in a Graph 

CDS is used as a virtual backbone in Mobile Ad-Hoc 

Networks. 

1) CDS Construction Algorithm 

Given a graph G and a DS C, all nodes in G can be divided 

into three classes. 

1) Black nodes: Nodes belong to C. 

2) Grey nodes: Nodes are not in C but adjacent to C. 

3) White nodes: Nodes are neither in C nor adjacent to C. 

 
Fig. 3: Illustration of CDS 

One example of this illustration is as shown in the 

figure 3.2.  

The problem of finding the connected dominating 

set is NP hard. However, approximation algorithms are there 

which could find the sufficiently Minimal Connected 

Dominating Set. One simple greedy approach to create a CDS 

is the Greedy Algorithm. 

The Greedy Approach to create CDS can be 

explained as follows: 

1) For any graph, label all the nodes as white nodes in the 

first step. 

2) Label all the nodes with the corresponding degrees. The 

degree of the node is the number of nodes directly 

connected to it through a single edge. 

3) Iteratively select a set of nodes with highest degree as 

grey nodes. 

a) For all the iteration of the step 3, mark a subset of 

the grey nodes as black nodes. 

b) If the set of black nodes forms the CDS, then exit, 

otherwise continue in the loop. 

4) If CDS is not obtained after all the iteration of loop, then 

return fail. 

 
Fig. 4: Initial Spanning Tree Topology with node levels 

The step by step operation of the data aggregation algorithm 

can be depicted as shown in the figure 3.3: 

 
Fig. 5: Marking Grey Levels as per Greedy Algorithm 

 
Fig. 6: CDS Construction 

B. Power Consumption Issues in MANETs 

The selfishness in MANETs is inculcated primarily so as to 

prolong the network lifetime. This is the feature by virtue of 

which the nodes enters into a battery saving mode in which 

the nodes stops working as relay nodes. The Residual Energy 

(RE) percentage in the nodes is defined as: 

RE % =
𝑅𝐸𝑆𝐼𝐷𝑈𝐴𝐿 𝐵𝐴𝑇𝑇𝐸𝑅𝑌 𝐶𝐴𝑃𝐴𝐶𝐼𝑇𝑌

𝐼𝑁𝐼𝑇𝐼𝐴𝐿 𝐵𝐴𝑇𝑇𝐸𝑅𝑌 𝐶𝐴𝑃𝐴𝐶𝐼𝑇𝑌
 

The nodes can be configured to attain the selfishness 

mode at specific RE percentage as per the design of the 

network. In all the previous approaches, the nodes, once 

attain the selfishness state, remain in the same state till the 

node exhausts the battery. This makes the node to live longer 

but at the same time, results in the wastage of battery life in 

other nodes which have generated and relayed data packets 

up-to the selfish node. As the nodes are mobile, new routing 
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discovery is constantly done as per the network graph at the 

moment. These are cases in which some relay node on a path 

from source to the destination node attains selfishness 

behavior resulting in delayed packet forwarding until a new 

path is found or a longer path with large number of hop counts 

results in a much more overall battery loss. Suitable 

techniques may be used to minimize the overall battery 

consumption in entire network leading to increased network 

throughput. Dimitra G. Kampitaki et.al. [] specifies three 

battery power levels, T1 , T2 , T3 , which corresponds to the 

four selfishness behavior for the nodes as follows: 

𝑆𝑒𝑙𝑓𝑖𝑠ℎ𝑒𝑛𝑒𝑠𝑠 𝐿𝑒𝑣𝑒𝑙𝑠 (𝑆𝐿)

=  

{
 

 
𝐴𝑙𝑤𝑎𝑦𝑠 𝑇𝑟𝑢𝑠𝑡𝑓𝑢𝑙 (𝐴𝑇):  𝑖𝑓 𝑅𝐸% ≥ 𝑇1

  𝑆𝑜𝑚𝑒𝑡𝑖𝑚𝑒𝑠 𝑆𝑒𝑙𝑓𝑖𝑠ℎ (𝑆𝑆):  𝑖𝑓 𝑇1 >  𝑅𝐸% ≥ 𝑇2
𝑂𝑓𝑡𝑒𝑛 𝑆𝑒𝑙𝑓𝑖𝑠ℎ (𝑂𝑆):  𝑖𝑓 𝑇2 >  𝑅𝐸% ≥ 𝑇3
𝐴𝑙𝑤𝑎𝑦𝑠 𝑆𝑒𝑙𝑓𝑖𝑠ℎ (𝐴𝑆):  𝑖𝑓 𝑇3 >  𝑅𝐸%

 

Each selfishness level corresponds to a Packet Drop 

Probability (PDP). As conjunction with the definitions 

described above, 

𝑃𝐷𝑃(𝐴𝑇) = 0% 

𝑃𝐷𝑃(𝐴𝑆) = 100% 
and 

𝑃𝐷𝑃(𝑂𝑆) > 𝑃𝐷𝑃(𝑆𝑆) 
The Simulation is done for a range of value of T1, 

T2, T3 and Packet Drop Probability for all selfishness levels. 

C. Proposed Dynamic Selfishness Approach 

The selfishness of the node is a property that is essentials for 

the prolonged node life, but at the same time, results in packet 

drop in the relay selfish nodes and therefore resulting in a 

wastage of network bandwidth and overall battery loss. The 

proposed Dynamic Selfishness Scheme works as follows: 

1) A sending node, trying to contact a receiving node, sends 

a Route Request Message (RREQ) to all the nodes in its 

proximity. 

2) The receiving nodes, forwards the RREQ message, to the 

other nodes in the network, adding a hop count, till the 

RREQ message reaches the destination node. 

3) The destination node reverts with Route Reply (RREP) 

to the node having the least hop count. 

4) The node having AT status always forwards the RREQ 

packet whereas the node having AS status never 

forwards the RREQ packet. However, for OS and SS 

states, the nodes may or may not forward the RREQ 

packet. 

5) If all the RREQ to a node from some specific node uses 

one or more relay nodes, on all the possible paths, then 

such nodes are elements of CDS. For all such nodes : 

a) If the node is AT, then do nothing 

b) If the node is SS, configure it to become AT node 

but only as a relay node for the duration of the 

transmission. 

c) If the node is OS configure it to become AS node. 

d) The AS node never appears in the RREQ list as these 

nodes never forwards any kind of packets. 

6) Repeat the procedure for all RREQ and RREP messages 

from sending receiving pair of nodes. 

D. Implications of Proposed Dynamic Selfishness Approach 

Several variants of the proposed scheme are possible. One 

possible and the most generic variant is described above. The 

nodes, after having battery level, less than specified 

threshold, enters into Sometimes Selfish (SS) state. At this 

state, the node possess certain level of Packet Drop 

Probability (PDP). A node, after entering into SS state, 

eventually enters into OS state with a higher PDP.  However, 

dynamic selfishness approach is much more promising as 

compared to the traditional approach and results in much 

more throughput as compared to the static selfishness level 

approach proposed by Dimitra G. Kampitaki et. al []. The 

proposed architecture is illustrated by the figure 3.5. In this 

figure, the route requests are depicted through blue lines. 

Consider the case that the nodes 8, 6, 5 and 12 are SS or OF, 

thus can discard data packets / route request messages. 

Similar is the case with node 9, 10 and 11. These nodes, if SS 

or OF, can discard packets. The individual sets {8, 6, 5, 12} 

and {9, 10.11} are the CDS for the route from node S to node 

D. These nodes if become selfish, all at the same time, will 

result in the severe damage in the normal functioning of the 

network. Thus dynamicity needs to be inculcated so that the 

individual set of nodes as described above will not go selfish 

all at the same time. 

 
Fig. 7: Typical Network Topology 

Consider the case when route S→2→5→11→D is 

set-up. This route requires sending of RREP message through 

this path backwards. If the node 5 is a SS node, the it is 

configured as AT node. If node 5 is OS nodes, then it is 

configured to become AS node. In that case, a new path from 

the source node the destination node needs to be discovered. 

The CDS computation for selfishness level configuration can 

be made by including a two bit field in the RREQ message as 

shown: 

Selfishness Level Fields Selfishness Level 

00 Always Trustful 

01 Sometimes Selfish 

10 Often Selfish 

11 Always Selfish 

Table 1: The RREQ Message field values 
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The RREQ message as propagated from the source 

node to the destination node then includes the configuration 

of the route. The choice of the route is made which consists 

of all the 00 sequenced RREQ. The compromised choice may 

be made of the route which consists of 01 labeled route. 

Section 4 discusses the simulation results based on the 

proposed results as well as those proposed by Dimitra G. 

Kampitaki et. al [28]. 

IV. ANALYSIS OF PROPOSED WORK 

The analysis of the proposed node behavior model is 

investigated in this Section. Results obtained are then 

compared with similar technique of behavior modeling using 

static behavior model proposed by Dimitra G. Kampitaki et. 

al []. 

A. Node Transition Characteristics 

The node transition characteristics in the proposed model are 

governed through the residual battery life in the node. This 

characteristic can be inculcated in the nodes using the 

hardware configuration management. The transition 

characteristics of the selfishness level is depicted in the figure 

4.1 

 
Fig. 8: Transition of the node states 

The transition characteristics of the nodes depends 

on the network traffic as well as network configuration. A 

node which is a part of the CDS depletes battery far more 

rapidly as compared to other nodes of the network. 

B. Simulation Model Parameters 

In the simulation model considered for evaluation of the 

network throughput and the network life, the following 

parameters are assumed. 
Parameter Value 

Type of Nodes Homogeneous: 100 nodes 

Mobility Type Random 

Network Physical Dimension 200 mtrs 

Transmission Range 25 mtrs. 

Initial Battery Level 3 Volts 

Sometimes-Selfishness 

Threshold 
1.5 Volts 

Often-Selfishness Threshold 1 Volt 

Always-Selfishness Threshold 0.5 Volt 

Inter Node Communication 

Type 

Homogenous- 0.05 Volt 

each 

Relay node battery loss 0.3 volts for each path node 

Table 2: Simulation Parameters 

The simulation is performed using MATLAB. 

Analytical modeling is used for simulation. Network lifetime 

and throughput analysis are the key metric for the model 

comparison. Network throughput is a measure of number of 

packets which are successfully transmitted over the duration 

of network lifetime. Network lifetime, other the other hand, 

is the time since the initialization of the network till the time 

when the first node runs out of the battery. As the network is 

Ad-hoc, new nodes can join the network and existing nodes 

can leave the network at any time without any centralized 

control. In this configuration, the network lifetime concept is 

meaningless. However, it is used in the simulation model to 

tabulate the optimal energy consumption in the network. The 

simulation results are discussed in the subsequent sections. 

C. Simulation Results: Network Lifetime 

Ideally, the network consists of battery powered nodes which 

are charged on regular basis. However, occasionally, a node 

is left with critical battery level and starts behaving selfishly. 

Figure 4.2 onwards gives the simulation results for the 

network lifetime and the network throughput. 

 
Fig. 9: Initial Network Configuration 

In figure 4.1, the network is depicted in which the 

nodes are randomly located. Out of the nodes present, at any 

instant of time, the mean number of nodes which are involves 

in communication is 10 percent. These nodes are shown as 

star nodes in the figure 4.3. It is important to note that for the 

simulation purpose, the nodes are chosen randomly, but this 

does not have any impact on the computation of the network 

lifetime in the absence of regarding of the nodes. 

Figure 4.3 shows the initial batty level of the nodes 

in the network. It is assumed that all the nodes are 

homogenous with initial battery life of 3 volts. Also, with 

each of the communication instance between a pair of nodes, 

each nodes consumes 0.05 volts of its battery. Also, the relay 

nodes which are used in the communication from source to 

destination node utilizes 0.3 volts of battery power during 

each transmission. 
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Fig. 10: Transmitting Nodes 

 
Fig. 11: Initial Battery level of nodes 

 
Fig. 12:  First Set of RREQ messages 

For the discovery of route the first set of RREQ 

(Route Request message) is sent from the source node to the 

first hop node in the network. These nodes then send this 

RREQ message to the next hop node in the network within its 

transmission range. The transmission from one hop to another 

in this form takes place until the RREQ packet reaches from 

the source node to the destination node in the least hop count. 

In the existing IEEE 802.11 specifications, the nodes in the 

network carries the hop count and the id of each relay node. 

In the proposed model, the node RREQ message contains the 

relay node id, and along with it the battery level of the relay 

node in the form of two bit as depicted in table 3.1 in previous 

Section. 

Figure 4.6 shows the second hop of RREQ message 

for the discovery of route from the source to the destination. 

 
Fig. 13: Route Discovery between the Transmitting Nodes 

(Second Hop) 

 
Fig. 14: Battery Level of the nodes after 100 transmissions-

receptions 

 
Fig. 15: Battery Level of the nodes when first Sometimes-

Selfish behavior is attained by some node 

In this simulation model, it is assumed that 10 

percent of all the nodes are communicating in the form of 

sender receiver pairs (5 pairs) at any instant of time. The total 

number of transmissions before any of the node attains 

Sometimes Selfish behavior is 101. This is depicted in figure 

4.8.  Here, 101 intervals is the mean number of time intervals 

before any of the node in the network attains selfishness 

behavior. The mean is calculated by taking the average over 

a number of simulations of the same model. 
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Figure 4.9 shows the mean number of rounds before 

any of the node attains sometimes selfish behavior. As stated 

in Section 3, this is the state when the residual battery life in 

the node becomes 1 volt. It is worth importance to note that 

here again, the number of rounds in the mean number of 

rounds obtained after large number of simulations of the same 

model. 

 
Fig. 16: Battery Level of the nodes when first Sometimes-

Selfish behavior is attained by some node 

The total number of transmissions before any of the 

node attains Sometimes Selfish behavior is 173. After this 

stage, the node attains the property that it occasionally looses 

the packet forwarded to it for some other destination. Thus, 

after this stage, the node losses its reliability to some extent.  

The proposed algorithm of dynamic selfishness 

proposes that such nodes, if part of the connected dominating 

set, will be configured as Always Trustful for the duration of 

the communication. Thus, these nodes are left idle if some 

alternate path is available or these nodes are forced to behave 

as always trustful. 

Figure 4.10 shows the battery level of all the nodes 

at the interval when the first node attains Always Selfish 

behavior. At this stage, a majority of the nodes had already 

acquired the Sometimes selfishness behavior. These Always 

selfish nodes cannot be made part of any of the route from 

some source node to the destination node. This left the 

network graph unconnected. However, the nodes are mobile 

and hence eventually any of the node enters into the path from 

source to destination which is always trustful or sometimes 

selfish, so that communication may be performed. 

 
Fig. 17:  Battery Level of the nodes when first Always-

Selfish behavior is attained by some node 

In figure 4.10, the mean number of transmissions 

before any of the node attains Sometimes Selfish behavior is 

261 

D. Simulation Results: Network Throughput 

Network throughput can be defined as a measure of mean 

number of packets that are successfully delivered from the 

source to the destination node without suffering a packet loss. 

The packet loss probability in the proposed model arises due 

to the following reasons: 

1) The nodes which are always trustful always successfully 

transmits/ recieves packet whether these are working as 

source/destination nodes or routers. However, in 

'Sometimes Selfish' state, the node may loss a data packet 

if the communcation span is long enough so that it enters 

from "Sometimes Selfish" to "Always Selfish" state. 

2) A path from the source node may consists of number of 

nodes. Initially, all the nodes are always trustful. 

However some of the node eventually enters into 

sometimes selfish, out of which a few enters into "always 

selfish"  state. In case when the path between source to 

the destination consists of all nodes "always selfish", the 

repeated RREQ message to find the path from the source 

node to the destination node results in a waste of network 

bandwidth.  

Figure 4.11 shows the packet drop against average 

number of communication intervals between pair of nodes in 

the network. 

 
Fig. 18: Packet Drop Probability as against number of 

rounds 

In figure 4.11, the packet loss probability is almost 

zero before the number of rounds reaches 100. This is because 

till about 100 rounds, all the nodes remains trustful. The 

nodes then becomes sometime selfish and the first node 

becomes always selfish at around round number 250 after 

which the packet drop probability rises significantly with 

each round. 
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Fig. 19: Packet Drop Probability as function of Range 

The packet drop probability as function of range is 

depicted in the figure 4.12. The number of rounds are implicit 

in the curve which means that the horizontal axis also carries 

the index of the number of rounds along with the range. For 

the average first 100 rounds, the packet loss probability is 

almot zero. It then increases with the increase in the 

transmission range which is an obvious result. 

E. Comparison of the Results 

The results of the proposed approach are far more optimum 

in the context of reliable packet delivery with minimal packet 

drop. This is because the approach proposed by Dimitra G. 

Kampitaki et. al. [28] is static as compared to the dynamic 

approach present in this Paper. However, in the case of end 

to end packet delay, the proposed approach lag behind the 

approach proposed in [28]. The comparison of both the 

approach in terms of packet loss probability is shown in 

figure 4.13. 

 
Fig. 20: Comparison of the results- packet loss probability 

against number of round-Red indicates the benchmark 

approach and blue indicates the proposed approach. 

 

It is clearly evident that the proposed approach lies above the 

benchmark approach as it indicates a dynamic behavioral 

modeling of the selfishness as against the static approach 

proposed by Dimitra G. Kampitaki et. al. [28]. The slight 

variation in the curve at about 160 rounds in the proposed 

approach is due to the fact that at this point, almost all the 

nodes attain "sometimes selfish" behavior.  A few node enters 

into "always selfish" state. Hence, when the RREQ message 

from some source establishes a path which comprises of all 

nodes "sometimes selfish", a few nodes from that path turn 

"always selfish" during the communication, leading to 

dropping the packets and hence packet drop. However, the 

curve goes down again when new paths are being established 

where no node is "always selfish". Section 5 concludes the 

Paper and gives outline of the future work. 

V. CONCLUSION AND FUTURE SCOPE 

A. Analytical Understanding of the Results 

The proposed work models a technique to prolong the battery 

life, while at the same time, maintains network traffic as the 

need of mobile ad hoc networks. The analytical model of the 

MANETs is developed using MATLAB and a first order 

radio energy dissipation model is considered. It turns out that 

using dynamicity is the selfishness property of the nodes, a 

prolonged network lifetime can be achieved. However, it 

comes at the cost of inculcating the selfishness levels in the 

RREQ messages which are propagated in the course of route 

discovery from the source node to the destination node. 

Moreover, an added packet delay is introduced if all the nodes 

turns out to be selfish. The most critical part of the modeling 

is the mobility model. By definition, the nodes in the network 

are mobile and thus randomly comes in each other's 

transmission range and randomly leave. The most critical part 

of the modeling is the mobility model to be used. In this 

Paper, a random mobility model is used. However, MANETs 

are diversified and thus, different models are applicable in 

diversified physical scenarios, leading the entirely different 

simulation parameters and different results. However, the 

proposed model consists of generic parapets under the 

random waypoint models and outperforms the existing static 

selfishness approach. 

B. Future Scope 

The most common routing protocols for MANETs are Ad-

hoc On Demand Distance Vector (AODV) Routing Protocol 

and Dynamic Source Routing. In the proposed model, a 

generic approach for route discovery is used using RREQ 

messages. However, both AODV and DSR which are 

commonly used in routing differs in routing process. For 

example, AODV supports local repair in case a relay node 

moves out of the transmission range. DSR, on the other hand, 

is static in this context and if a relay node leaves the path of 

dies due to battery empty, then an entirely new path from 

source to the destination node is established (if possible). 

Also, the problem of hidden and exposed terminal becomes 

prominent as the node density increases in an area. All these 

factor have cumulative effect on the network performance as 

well the end to end packet delay.  Moreover, the complete 

analysis can only be performed using Stochastic Modeling of 

the network traffic as well as other parameters. Inculcation of 

all these aspects into the network equation gives a very 

complex model and difficult for analysis. The proposed future 

work will provide more deep insight considering majority of 

the issues that are ignored in ideal analysis as indicated in 

current work and the model taken as benchmark for this 

analysis. 
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