CHAPTER - 1
INTRODUCTION
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1.1

OVERVIEW

In this chapter we will briefly discuss about the wireless network and types of wireless network.
Then has a close look of Mobile Ad-Hoc network (MANET) with its applications and issues and
various types of routing protocols used in MANET.
In today’s era Wireless networks [1] are major part in the area of communication. Wireless
Networks makes communication and transfer data with each other easier as data can be send
without any wired medium. For example nowadays it is used in industrial applications, military
applications and also widely used in personal area networks. Communication channel is the main
difference among the wireless and wired networks also in wireless network physical medium
does not exists and exist in wired network. Many types of wireless devices can be seen easily
such as, cellular phone, mobile terminals, PDA, hand-held PCs, laptops, wireless sensors and
satellite. Mobile communication has grown rapidly in the last few years. Users take advantage of
smaller devices, longer lasting batteries and higher bandwidths which are available from new
communication standards.
We can classify wireless networks in a broad two categories: the first one is called
Infrastructure based wireless networks and second is called Infrastructure less wireless
network. Infrastructure less wireless network is also termed as Ad-hoc Network. Ad-hoc
networks can be further categorized based on the applications;
 Mobile Ad-hoc Networks (MANETs),
 Wireless Mesh Networks (WMNs),
 Wireless Sensor Networks (WSN).
Due to lots of factors like simplicity in installation, reliable nature, nature of cost, signal
bandwidth, security, total required Power and network performance wireless network become
very popular.
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Figure 1.1. Wireless Network

1.2

MOBILE AD-HOC NETWORK (MANET)

A Mobile Ad-Hoc network (MANET) is a dynamic multi-hop wireless network that
is established by a group of mobile nodes on a shared wireless channel.

In Mobile Ad-Hoc Network (MANET) [2] the nodes are allowed to budge here and there, also
the topology of the network changes unpredictably and rapidly. The Ad-Hoc network may be be
in a connection with the larger Internet network or can be operate standalone. An example
application is to facilitate a collection of soldiers in a military move out-of-doors but can
communicate with one and another by using the radios. The main complicated work is the AdHoc network is facing is the “ routing “ as there is no vital part is present to control the
communications in the network; so much effort has been implemented on the routing in a ad-hoc
networks, but the problem arises because mainly implementation work is focuses merely on
best-effort data traffic. Though, now a days, due to the rise in popularity of the multimedia
applications and the usage in potential commercial of MANETs, the implementation of QoS in
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Ad-Hoc network has been develop into a matter of great interest in the research of the wireless
area.

MANET progressively subjugated the wireless communication world as the common means for
human day to day communication. In many places such as universities, offices, airports and
hotels devices are configured with Wi-Fi cards as hotspots etc. It stand as a chief source for
communication in this modern era. This popularity motivated the researchers all around the
world to proceed their research in developing and enhancing the MANET for communication. As
routing is one of the major aspects to route the data in network in such advanced communication
so routing plays a key role in MANET research work. So far now many protocols have been
introduced by many different researchers. The examination of wireless devices show the way to
center of attention our study on the large or huge networks where hosts implicated in the network
connect to communicate with each other in Ad hoc fashion.

Figure 1.2. Mobile Ad-Hoc Network

1.2.1

MANET APPLICATIONS
 Education Application: Use ad-hoc communication during meetings, conferences,
virtual classrooms and seminars which enhance the quality of study.
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 Enterprise and Home Networking: In Home and offices wireless networking (WLAN)
is used for example as common white-board applications and uses PDA to print
somewhere else.
 Deliberate network: For deliberate network-related applications such as military
communication, operation battlefield communications and survivability Mobile ad hoc
networks have been first and foremost used.
 Commercial Environments: MANET also used in E-Commerce for example such as
electronic payments from anywhere.
 Sensor Networks: The embedded sensor devices are used to gather real-time data to
automate everyday functions for example remote sensors for weather, earth activities etc.
1.2.2 CHALLENGES AND ISSUES IN MANET
Although ad hoc networks are extremely useful but on the other hand, there are many problems
associated with them. Few fundamental issues which are very serious from security point of view
are as follows:
 Transmission Rate: As in ad hoc networks bandwidth is low so it leads low transmission
rate.
 Disconnection: Frequent disconnection of links, due to the vary mobile nature of ad hoc
networks, higher movements are possible. Also due to mobility routing becomes the
main issue.
 Reliability: Due to the broadcast environment, interference is high so the network
becomes less reliable.
 Speed: As compared to wired networks, the speed in ad hoc networks is slow. This is a
reason of corrupted quality of service.
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 Connection Set-Up: These networks take more time in connection setup, since
bandwidth availability is low and speed is slow.
 Memory constraint: Devices have limited memory, disk size and computing capacity
due to mobility. It also leads to the limitations on weight, size and cost of devices.
 Energy constrained: Efficient use of energy remains a challenge because generally in ad
hoc networks, nodes (e.g. PDAs, sensors, laptops etc.) have limited power supply and
they are not facilitated to generate power on their own.
 Security constraint: As the wireless interface is generally accessible to outside world, it
is very hard to set up a secure network, because intruders can easily interfere in ad hoc
network.
 Coverage area constraint: The area covered is very small, due to device type, network
condition and distance, ad hoc networks have limited service coverage. In case of need
of large area coverage, large numbers of nodes have to be deployed.
1.3

ROUTING IN MANET AND ROUTING PROTOCOLS

As ad hoc networks are self organizing, decentralized, the requirement of ad hoc routing protocol
was needed. Also the potential of changes happen in topology make the need of ad hoc routing
protocol more prominent. For a node to communicate with a direct neighbor or to communicate
with a node at some distance, a node must have prior knowledge about the network. As in a pure
flooding mechanism, all the nodes retransmit each packet received, which leads to deprived
resource consumption as available bandwidth is used very badly and the rate of collision is
considerably high.
The most important goal of an ad hoc network routing and routing algorithm is to suitably and
proficiently set up a route between a couple of nodes in the network. So that a message be able to
deliver according to the expected Quality of Service (QoS) parameters such as End-to-End
Delay, Packet Delivery Ratio (PDR) and Routing Overhead etc. The organization of a route
between the nodes should be done with minimum overhead and bandwidth expenditure. The

6

highly dynamic topology, changing nature of mobile ad hoc networks create complexity and
difficulty to routing among the mobile nodes in the network. Few important criterion and
considerations used in designing routing protocols include:
 Simplicity and ease of implementation.
 Routes should be loop-free, optimal paths , computing efficient with smallest amount of
overhead and possibly multiple routes should be available between each pair of nodes to
increase robustness.
 Security and reliability.
 Should support Quality of Service requirements (PDR, End-to-End delay, Control
Overhead).
 Scalability.

1.3.1 TYPE OF ADHOC ROUTING PROTOCOLS

Figure 1.3. Types of MANET Routing Protocol
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The ad hoc routing protocols are generally classified in two broad categories, the reactive
protocols and the proactive protocols. The third category is also available called hybrid protocols
which is a combination of both proactive and reactive protocol.
a. Proactive (Table Driven) Routing Protocol

Proactive routing protocol aims to remain reliable and up-to-date routing information
about every pair of nodes in the network. Each node in the network maintains the routing
information in one or more routing tables. So this protocol is also called as table driven
approach. The advantage of proactive routing is that the routes are available at all times.
But this protocol have one problem of more routing overhead due to its periodic update
message procedure. For examples: Optimized Link State Routing (OLSR), Destination
Sequenced Distance Vector (DSDV).

b. Reactive Routing Protocol

Reactive routing protocols have less overhead comparative to Proactive routing protocol
because it maintains information for active routes only in the network. This means routes
are resolute on demand. The source node wants to send data packets to the some
destination, first it has to checks its route table whether it has a route or not. If there is no
route exist it finds a path to the destination by using route discovery process. For
example: Ad-hoc On Demand Distance Vector (AODV).
c. Hybrid Routing
This protocol combines the advantages of both proactive and of reactive routing protocol.
Depending on some prearranged or dynamically configured property some routes are
generate proactively while others are discovered on-demand. The most well-known
example of this is the Zone Routing Protocol (ZRP), which combines the advantages of
the proactive and reactive paradigms to reduce the cost of operating ad-hoc network.
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1.4

MOTIVATION

The main motive of this thesis is to improve the Quality-of-service (QoS) of MANET protocols.
To attain Quality-of-service (QoS) routing in an mobile Ad-Hoc network is very hard due to the
network arrangement (topology) can alter continually and the accessible state information for the
routing is naturally inaccurate. In order to support Quality of Service (QoS), the link state
information such as jitter, delay, cost, bandwidth, error ratio and loss ratio in the network should
be available and convenient. Though, receiving and supervision of the bond state information in
a mobile ad-hoc network is all by means not inconsequential as the quality of a wireless link
change with the surrounding conditions. Additionally, the possessions boundaries and the mobile
nature of hosts add to the complexity. In malice of this difficulty, few protocol of QoS routing in
MANET have been developed, such as CEDAR [3] or ticket-based probing [4]. These protocols
have on-demand routing, wherever a route is established according to the previously known QoS
requirements.

There exist various best-effort and effective routing protocols for pro-active routing, but
relatively very little work have been done on a pro-active QoS routing. Though, the
unpredictable character of Ad-Hoc networks and the necessity of rapid response to QoS routing
demands create the idea of a proactive protocol more appropriate. Whenever a request arrives,
the control layer can simply ensure if the previously computed most favorable route can gratify
this kind of request. In this way dissipate of network property when attempt to find inaccurate
route is going to be avoided. According to this deliberation, we learn the method of pro-active
Quality of service (QoS) routing in this thesis, and modify a best-effort pro-active routing
protocol OLSR [5] for QoS purpose. The QoS constraint discussed in the thesis is about the
bandwidth constraint.

1.5

OVERVIEW OF RESEARCH

As compare with the most excellent routing protocols, quality of service (QoS) routing has been
additional with costs, which can automate the presentation of the routing protocols. In this thesis,
we develop heuristics, also we prove this through simulation by using Network Simulator – 2
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(NS-2) and confirm that the given heuristics is correct and can get better OLSR in the bandwidth
QoS aspect, but also evaluate the cost paid in order to attain the desired achievement.

Following are the assistance is given in this thesis:
 Initially, we create a code for a network of 8 nodes which transfer packets from one node
to other node.
 Then network parameter like packet loss, packet end-to-end delay and throughput is
analyzed through trace files in NS-2.
 After tracing these factors, we analyze the reason for the defects in the network. Also the
defects are plot on the xgraph in NS-2.
 After analyzing the reasons for defect a new network is created which is a combination of
various small networks, in order to remove this defects.

1.6. ORGANIZATION OF THESIS

Chapter 1 includes the detailed description of mobile ad-hoc network (MANET) and types of
MANET protocols and also discusses it with example. The objective of this thesis is also
discussed in this chapter.

Chapter 2 includes Literature Review, in this we discuss various research paper which are used
in this thesis study. Brief description of each paper is included in this chapter.

Chapter 3 includes the detailed description of OLSR protocol including functioning, properties,
message header etc.

Chapter 4 includes detailed overview of the Simulator used in this thesis NS-2 is discussed here
including all features like network animator (NAM) and x-graph with examples.
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Chapter 5 includes the various Simulation performed on NS – 2 with their results.

Chapter 6 includes the Conclusion of this thesis.
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CHAPTER 2
LETRATURE REVIEW
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There are many research papers on mobile ad-hoc network (MANET) and routing protocols and
security in conference and journals. I have mentioned a brief literature survey as following.
In [5] the authors have discussed few threats which may be possible for network which
use OLSR as routing protocol. They proposed a fresh routing attack against OLSR known as
Node Isolation Attack. They mention how different protocols have methods to prevent
unauthorized users from entering into the network, but they don’t have any protection
mechanism against a compromised node. In addition, they proposed the attack model and the
detection scheme too.
In [6] authors talk about OLSR protocol and its security linked issues. The HELLO and
TC messages are not confirmed to be legal, as there is no such kind of mechanism is present in
OLSR. Nodes believes that the information they receive from their neighbor nodes, and update
their repositories with bogus information. The packets which are carrying vital information are
not confirmed to be lawful. The lack of authentication makes it easier for an enemy node to
launch numerous kinds of attacks in the network.
In [7] the authors has discussed about the safety issues in routing protocols. They discuss
regarding possibilities of diverse types of attacks on ad hoc routing protocols. They have
classified the pressure as modification, impersonation, and fabrication exploits. The
vulnerabilities of these protocols are discussed, possible attacks and then a mechanism is
proposed to make the routing protocol secure.
In [8] an author says that OLSR protocol is exposed to attacks as safety aspects has not
been designed for OLSR. Even though concern has been shown regarding attacks from outside
intruders, however there is still requirement of a well-built and proficient mechanism for finding
and response against the intruders inside the network. They have designed an intrusion detection
method for OLSR which allows the nodes which are inside and authorized from compromising
the security of MANETs.
In [9] authors raise their concern regarding need of security mechanism in OLSR. They
mention that standard defense mechanism like authentication and encryption are not enough and
effective, there is a need of a second line of defense. Further they proposes intrusion detection
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system based version of OLSR called as CCIDS OLSR which can detect link spoofing and link
deletion in the network.
In [10] Suarna Das et. al. Performed analysis on Less Overhead Routing Protocol, as the
name suggests, it is proposed by keeping in mind that the routing overheads and improvement in
performance of routing protocols. The concept of this approach is to keep and store information
of only neighbor nodes. The idea of routing table is not considered. Even though, it reduces the
overhead for large amount of data, still it is not yet tested on a large and complex network where
it may be produce high time complexity
In [11] Kamal K. Chouhan, Amit Kumar et. al. worked on MANETs and proposes on
demand secure routing protocol. This protocol needs communicating nodes and intermediate
nodes to authenticate each other. This maintains hash indexes for the neighbor nodes in a one
direction, thus having the truthfulness of message in check. Thus, we can sense the changes or
deletion of any node in route control packet. The privacy of communication can be ensured by
using Public Key Cryptography as the nodes in MANETs can discuss the session key for safe
communication. On the routing path, all the nodes are needed to validate other nodes by
verifying the signature. This protocol has been tested against various possible attacks such as
man in the middle attack, IP spoofing etc. Although this protocol defines the security in
MANETs, perhaps it has limitation like consuming a lot of battery power as it is an asymmetrical
algorithm.
In [12] N. Adam, M.Y, Ismail, Abdullah, found out that three areas contention,
congestion and connectivity, where the performance gets affected the most , due to routing in
MANET. The MANET protocols like DSR (Dynamic Source Routing), AODV (Ad hoc On
demand Distance Vector), TORA (Temporally Ordered Routing Algorithm) are tested for their
performance both theoretically and simulation by using OPNET (Optimized Network
Engineering Tools) modeler. The analysis related to packet delivery ratio, packet dropped, endto-end delay, routing load and end-to-end throughput matrices are performed by using OPNET.
The AODV protocol proves out to be best in the performance for Delay, Packet Dropped, Packet
Delivery Ratio & throughput and worst for Routing Load, where as DSR is second best in
Routing Load, Packet Delivery Ratio, Throughput and Packet Dropped. It is worst for Delay.
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TORA is worst for Packet Delivery Ratio, throughput and Packet Delivered. It is best protocol
for Routing Load whereas it is second on the list for Delay.
In [13] Shima , Hassan, Patel, Razali, done research on Routing protocols in MANETs
and performed investigation on routing for MANETs to make sure that the protocols provide
capable end-to-end communication due to the diverse nature of the applications which use
MANETs. Table-driven and On-demand routing strategies for definite protocols have been
compared and the result is that there no particular algorithm which is best suited for all scenarios.
Certain protocol have advantages for some situations where as other are best suited for different
set of circumstances.
In [14] Jabbehdari, Shamaei et. al. have done worked for Quality of Service (QoS) in MANET
and Proposes Qos On-Demand Multicast Routing Protocol (ODMRP) routing protocol for
MANET. The On-Demand Multicast Routing Protocol has been changes to contain new
character with QoS considerations which give new idea to Improved QoS ODMRP (IQoSODMRP). In this proposed techniques two new characteristics are included :
 To ability to adjust timers and delays with mobility speed.
 It can be accepted by getting the feedback from the application, if the available
bandwidth for requested one is not enough.
Simulation test results verify that the end result is increase in PDR (Packet Delivery Ratio) and
decrease in end-to-end delay.
In [15], as the security have significant role in any network, especially when the nodes
are mobile as in case of MANETs. It needs that routing of packet be controlled by trust based
mechanism only in which each node authenticate the packet sent by the neighbor by means of a
number of trust mechanism. In Trust Based AODV protocol, a new field has been added in the
packet itself which shows the trust factor of node on its neighbor node. The node in question
identifies the node with the highest trust factor and transmits the packet to it. It also adds special
feature of saving power of nodes as well as bandwidth of the network. Trust based Secured
AODV also decreases the probability of being attacked by malicious nodes in the network.
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Simulations thus performed prove that such protocol is much secured as compared to AODV. It
finds out the most trusted path in the network and it does not have anything to do with path
length. The trust factor lying on the neighbor node is established and improved by increasing
number of successful communications with each other.
In [16] Andrzej Szwabe, Pawel Misiorek, Maciej Urbanski,Felix Juraschek, and Mesut Günes,
Multi-path OLSR Performance Analysis in a Large Testbed Environment. The authors explained
that the Optimized Link State Routing (OLSR) protocol is a most important proactive routing
protocol intended for Mobile Ad-hoc Networks (MANETs). Before this research, the standard
version of the OLSR protocol is not supporting the multi-path packet forwarding mechanism, but
here the new OLSR created and implemented with the multi-path extension which enhance the
protocol features. The result of this modification in the path calculation algorithm and the
backpressure Max-Weight Scheduling (MWS) policy application, the MANETs can make use of
the complete functioning based on the OLSR. The simulation results presented in this research
compare the performance of the standard and extended OLSR versions in a large congested
MANET.

In [17] QOS ROUTING AND PERFORMANCE EVALUATION FOR MOBILE AD HOC
NETWORKS USING OLSR PROTOCOL, Mobile Ad-Hoc network is a set of mobile nodes in
communication network without using infrastructure. As the real-time applications used in
today’s wireless network grow up, we need some new schemes to make available more suitable
services for them. As we know that most of the actual schemes which do not perform glowing on
traffic which is not based on strictly CBR. Therefore, in this research paper the impact of the
mobility models and the density of nodes on the performances (Packet Delivery ratio, End-toEnd Delay, and Throughput) of routing protocol OLSR by using in the first a real-time VBR
(MPEG-4) and secondly the Constant Bit Rate (CBR) traffic. In the end, comparison of the
performance on both cases. By experimentally, here the three mobility models are considered
like:- Random Waypoint, Mobgen Steady State and Random Direction. The simulation results
demonstrate that the behavior of OLSR changes in accordance to the model and the traffics used.
In [18] Site aware Optimize Link State Routing Protocol Radio strategic scenario are quickly
developing MANETs (Mobile Ad-hoc Networks) be increasingly recurrently opted due to their
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known benefits in nonexistence of mobility management, infrastructure, traffic forwarding, etc,
also popular by the speedy changes of Software Defined Radio (SDR). Due to nodes mobility,
the impact on the network performances of speedy and stable topology changes, in addition with
other constraints as adverse e.m. proliferation atmosphere, obtainable bandwidth, computational
capacity of nodes and consumption of power, is nonetheless at rest among the major issues to
be challenged in MANETs.
The routing protocols that have been modified in current time to develop with the above
discussed constraints and in scrupulous the attention is listening carefully on the famous and
extensively adopted Optimized Link State Routing (OLSR) protocol [15]. This research paper
discuss a development of the Quality of Service (QoS) features of the “standard” OLSR protocol,
in concern with packet loss and delay. The “Location Aware” OLSR protocol is based on the
preface of basic two concepts which are “Perceived Coverage Area (PCA)” and “Perceived
Coverage Radius (PCR)”. The fundamental idea behind this concept is to “judiciously” exclude
from the one-hop neighbor position of a node, the nodes which will most likely to move out in a
few time of the coverage area of the current node. Benefits of the revolutionary method has been
developed and validated through simulations of typical tactical applications.

In [19] N. Lakki, A. Ouacha, A. Habbani, M. AJANA EL KHADDAR, M. El Koutbi, J. El
Abbadi; A NEW APPROACH FOR MOBILITY ENHANCEMENT OF OLSR PROTOCOL,
International Journal of Wireless & Mobile Networks (IJWMN), Mobile networks offers a lot of
advantages in terms of usage flexibility. Though, they suffer from several problems such as the
quick change of network topology cause by the high mobility of nodes. Many research has been
implemented to measure the mobility of nodes with the aim to increase network performance.
The work performed in this research concerns the improvement of the formula used in the
routing protocol called, Mob-OLSR for measuring mobility of nodes by automate the setting in
the network. In this, the improved protocol is called Mob-2-OLSR protocol.

In [20] Venkaiahnaidu.A, B.Ramesh Babu, Sk.Mansoor Rahaman, K.Rajasekhara Rao; A New
OLSR Routing Protocol in Cognitive Wireless Mesh Networks, International Journal of Modern
Engineering Research (IJMER). Ad hoc On-Demand Distance Vector (AODV) is a reactive
routing protocol that system a route based on a need. It neglected the counting-to-infinity
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difficulty and perform in better comparison to the most widespread routing protocols of the
Internet like OSPF, IGRP, IS-IS, EIGRP, and , RIP. Although immediate and - lying on
command, AODV cannot take benefit of all obtainable self-motivated range resources in
cognitive wireless mesh networks thus distant maintaining a high throughput to route packets.
Due to this reason in this research, the proposal of an improved AODV protocol named AODVCOG which supplies an border to a route for proficient procedure of the band and selecting a
path with a high throughput amongst the paths with the same hop count. Simulations in NS-2
need to change in order to help cognitive wireless mesh network conditions.

In [21] Improving the Quality of Service Routing in OLSR Protocol. In this research the authors
proposes an approach in order to get better the quality of service (QoS) in routing for optimized
link state routing (OLSR) protocol. OLSR protocols make active normally in a most excellent
endeavor form by judging the direct shortest path between a node which is a source and the node
called destination node without considering any quality of service in the network. Authors think
that a feasible path can’t always be the shortest path, and based on the network arrangement and
the load, added options such as a longer path with having a high bandwidth might be of a better
interest. In order to provide such substitute and progress the announcement eminence in the
middle of final users, this method recommend to operate at each and every node an judgment of
the bandwidth sharing between all adjoining nodes and tend to make sure that the selection of a
path with all MPRs that offer a highest bandwidth all along the pathway. The bandwidth share
judgment on each and every link is based on the lessons of conflict graphs in order to receive the
set of maximal cliques. Once the bandwidth split judgment is done, instead of deciding the
shortest path subsequent the usual heuristic in OLSR, we try to selecting the path that make sure
the highest bandwidth among all probable paths among the source node and the destination node.
Simulation results from experiments shows that the proposed approach achieves a higher
performance than the average OLSR is used in wireless mesh networks.
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CHAPTER – 3
OLSR PROTOCOL
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3.1 OPTIMIZED LINK STATE ROUTING PROTOCOL
The Optimized Link State Routing protocol is based on periodically exchange of topology
information and a point-to-point protocol. The main feature of OLSR is that it uses Multi Point
Relays (MPRs) in order to reduce the overhead of network flooding and also the size of link state
updates. Each node in the network select a set of neighboring nodes which are responsible for
retransmission of packets, during topology updating. Node which are not selected in this set
cannot retransmit but they can only read and process.
3.1.1 Types of messages used by OLSR for route update:
 Hello-Message: A Hello message is used for Multi Point Relays (MPR) selection and
neighbor sensing procedure.
 Topology control (TC) message: A Topology control message is used for calculating
the route. Topology control (TC) messages that contain the catalog of the senders MPR
selector. MPR nodes are the only nodes which are responsible to forward TC messages.
3.1.2 OLSR Example:
 The node 1 generate a TC message advertising nodes in MS(1) = {4, 3, 2}
 The node 4 forwards TC(1) from Node 1 and Node 6 forwards TC(1) from Node 4
 After the nodes 6, 4, and 1 have generated TC messages, all nodes have link-state
information to route to any other node
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Figure 3.1. Example of OLSR functioning

3.1.3 OLSR and LSR
The Optimized Link State Routing Protocol (OLSR) is an optimized version of the pure link
state protocol[18]. The main focus of these protocols is at the IP layer functions. OLSR is
designed for MANETs. It is a table driven protocol or proactive protocol. Exchanges the
information about network topology from one node to other nodes is done at regular intervals.
The MPR nodes proclaim the information of exchanging periodically in topology control (TC)
messages. This is the way; a node informs the network about the connectivity with the nodes
which are selected the given node as an MPR node. The key objective of MPRs is route
calculation in order to generate the route from a given source node to any destination node within
the network. To ensure efficient flooding of control messages within the network, the MPRs are
used by the protocol. But in a wireless ad hoc network, we uses various notion of the link,
packets can go out the similar border thus a dissimilar approach is required to optimize the
flooding process.
At each node, the OLSR protocol discovers 2-hop neighbor information by using Hello
messages. Then a set of MPRs (Multipoint relays) is chosen. The MPRs are selected in by any
node such a way that there exists a path between the selecting node and each of its 2-hop
neighbors through the selected MPR. Now TC messages are forwarded by these MPRs which
enclose the information about MPR selectors. All these performance of MPRs makes OLSR
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stand away from other link state routing protocols in following ways: All nodes do not share the
TC message forwarding path, it varies depending on the source.
3.2 MPR Selection in OLSR
The key concept used in the protocol is that of Multi Point Relays (MPRs), MPRs are selected
nodes that forward broadcast messages during the flooding process. This technique substantially
reduces the message overhead as compared to a pure flooding mechanism where every node
retransmits messages throughout the network. By doing so, the .contents. of the control messages
flooded in the network are also minimized. So contrary to the classic link state algorithm, instead
of all links, only small subsets of links are declared.

OLSR operates as a table-driven and pro-active protocol. The node n, which is selected as a
multipoint relay by its neighbors, periodically announces the information about who has selected
it as an MPR. Such a message is received and processed by all the neighbors of n, but only the
neighbors who are in n.s MPR set retransmit it. Using this mechanism, all nodes are informed of
a subset of links -- links between the MPR and MPR selectors in the network. For route
calculation, each node calculates its routing table using a .Shortest Hops Path. algorithm based
on the partial network topology it learned. The algorithm finds the minimum hop paths from the
source node to all the destinations. In addition to re-transmitting topology control messages, the
MPRs are also used as a backbone network to form the route from a given node to any
destination in the network.

As mentioned before, MPR selection is the key point in OLSR. The MPR set is selected such
that it covers all nodes that are two hops away. This means that the union of the neighbor sets of
the MPRs contains the entire 2-hop neighbor set of a node. Each node selects its MPRs
independently. The smaller the MPR set, the less overhead the protocol introduces. The proposed
heuristic is as follows:

1. start with an empty MPR set
2. for each node y in the 1-hop neighbor set N, calculate D(y) . the degree (the number of
neighbors) of y
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3. select as MPRs those nodes in N which provide the .only path. to some nodes in
the 2-hop neighbor set N2
4. while there exist nodes in N2 which are not covered{Select as an MPR a 1-hop neighbor,
which reaches the maximum number of uncovered nodes in N2. If there is a tie, the one
with higher degree is chosen.}
5. As an optimization, process each node y in MPR. If MPR\{y} still covers all nodes in N2, y
should be removed from the MPR set.

3.2.1 Example
An example of how this algorithm works is shown below based on the network depicted in
Figure 1:

Figure 3.2. Example of OLSR MPR Selection

Table 1. MPR Selection in OLSR
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From the perspective of node B, both C and F cover all of node B.s 2-hop neighbors. However, C
is selected as B.s MPR as it has 5 neighbors while F only has 4 (C.s degree is higher than F).

3.3 Properties
In a proactive protocol, within the network routes to all destinations are known and maintained
beforehand. As the routing tables are available before use, its useful for several network
applications as well as systems because there is no additional delay to find a new route. There is
no provision for sensing of link included in the original definition of OLSR. It is assumed that a
link is present if hello messages have been received form that link. It is also assumed that the
links are bi-modal (i.e. working or failed), while in case of wireless networks it is not necessary.
As it is a proactive protocol, data about unused routes is propagated by OLSR using power and
network resources. Whereas it is not a difficulty in wired access points and laptops, which make
the OLSR unsuitable for the sensor networks.
In OLSR, a very huge amount of CPU power and bandwidth is required to calculate the most
favorable paths. In the typical networks which generally dont have more than few dozen nodes,
where OLSR is used, this is not a problem. Redundancy in the flooding process can become a
problem in some networks having large packet loss rate. OLSR reduces some redundancy by
using MPR flooding.
3.4 Node Addressing:
To identify nodes uniquely in the network, OLSR uses an IP address to identify the nodes. OLSR
is designed in such a way that it can can operate on nodes with multiple interfaces. Like any
other network, the main address of a node is set which is the IP address of the node. OLSR
supports both types of IP addressing, IPv6 and IPv4. However, the sizes of IP addresses differ in
OLSR.
3.5 Information Repositories:
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As OLSR is the derivative of link-state algorithm/ protocol. OLSR keeps many different
information databases to maintain states. As control messages are received, these information
repositories are updated. The information is used to again generate control messages. Here let us
have a quick glance on the various information repositories used for core OLSR.
Multiple Interface Association Information Base:
The above data set have information regarding the nodes by using more than one communication
boundary. It is used to store the interface addresses of such kind of nodes.
Link Set:
A link tuple contains information about interface address of the local node, interface address of
the neighbor node, symmetric time and the time at which this record expires. So a link tuple
contains information about link to a neighbor node. The set of link tuples of a node is
collectively called as Link Set. This information is used in HELLO messages while declaring
the neighbor interfaces.
Neighbor Set:
The information contained by a neighbor tuple is the address of a neighbor, its status whether its
symmetric or asymmetric and willingness to forward data from other nodes. Collectively, the set
of all neighbor tuples of a node is called neighbor set for that node. Information about all 1-hop
neighbors of a node is kept in this repository. The information is periodically updated. Neighbor
set contains information about symmetric and asymmetric neighbors both.
2-hop Neighbor Set:
2-hop tuples are recorded at every node. The information contained is the address of a neighbor
node, the address of 1-hop neighbor of this neighbor node, and time at which this information
expires. 2-hop Neighbor Set is collection of all 2-hop tuples of a node.
MPR Set:
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It is the set of all neighbor nodes which are selected as MPR by a local node. The main addresses
of all MPRs are listed in the MPR set.
MPR Selector Set:
MPR-selector tuples are recorded by each node which have the knowledge regarding the
neighbors, which have selected their MPR which is a local node. The information contained by a
tuple is main address of the node, which has selected the MPR and the expiration time of this
tuple. The set of all MPR-selector tuples are collectively called as MPR Selector Set.
Topology Information Base:
Each and every node present in the network maintains this repository. It is topology information
of the network which is maintained via TC messages and is used in creating routing table.
Duplicate Set:
Each node contains a duplicate set which prevents the

transmission of duplicate OLSR control

packets again and again. This repository provides information about recently forwarded and
processed control messages.
Timeouts:
Timeout value indicates the duration for which the attached information has to be considered.
Almost every information which these repositories contained is associated with a timeout.
3.6 Control Traffic
OLSR uses port 698 to transmit OLSR control traffic over UD. According to the RFC 3626 this
traffic is to be broadcast when using Ipv4. Even though it has not been mentioned in the RFC, it
is understood that multicast address is to be used in case of broadcast.

3.7 OLSR Packet Format
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OLSR packets are used to send all OLSR traffic. The two main parts of an OLSR packet are
OLSR packet header and body.
The various fields of the OLSR packet header are explained below:
 Packet Length: It includes the header and It is the length of the full packet (in bytes).
 Packet Sequence Number: Every interface maintains a separate Packet sequence
number so that all the packets transmitted over that interface can be distinguished
sequentially. The sequence number is then incremented by number one for each new
creation of the OLSR message.

3.8 OLSR Message Header:
The packet body of OLSR can contain more than one or one OLSR messages. The OLSR
message uses a header. The fields contains in this header are given below:
 Message type: An integer which describes the type of this message. OSLR has reserved
values from 0 to 127. In addition, the space between 128 and 255 is considered private
and can be utilized as required.
 Message Sequence Number: At each node a count is maintained known as sequence
number. This count is increased by one when a new OLSR packet is generated.
 Message Size: It indicates the size of the message and represented in bytes.
 Originator Address: It indicates the node’s address from where this message was
created.
 Time To Live: The maximum distance in hopes, that a message could travel. This field is
used to control the area of flooding a message.
 Hop Count: It is the count of nodes that has forwarded the message.
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 Vtime: Whenever a node receives a message, Vtime indicates the duration for which
message information is kept valid, after reception.

Figure 3.3. OLSR Message header

3.9 Message Types
The message types defined by the core functionality of OLSR will be described in later sections
of this report. However, according to the requirements of the designer, several types of custom
packets can be created.

3.10 Multipoint Relaying
Topology information is diffused by OLSR using flooding of packets over the network. Flooding
means retransmission of received packets by all nodes in network.
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However on a multi-hop wireless network, its necessary the packets should be retransmitted by
nodes on the same interface at which it arrived. Every re-transmitter causes in reality in order to
get a copy packet from each symmetric neighbor. It can be observed that every transmission
escort to the receiving the similar packet. So the concept of multipoint relaying is used.
The aim of a “ multipoint relaying” is to diminish the amount of redundant retransmissions when
a broadcast packet is being forwarded. In this technique only allows a subset of all nodes to
retransmit the packet, rather than all nodes.
To achieve this, neighbor nodes are selected as Multipoint relays (MPRs). Every node selects its
set of MPRs chosen in such a way that all the 2 hop neighbors are covered through MPRs. node
X will choose the black nodes as its MPRs. All the 2-hop nodes will be reached throughout these
MPRs.
In OLSR each node announces its enthusiasm to become an MPRs for its neighbors. In OLSR 8
stages of enthusiasm are there. The OLSR enthusiasm level at the, WILL NEVER(0) indicates
that the node should not selected as an MPR and the level at the top, WILL ALWAYS(7) shows
that the current node must always be chosen as an MPR. The enthusiasm is spread via HELLO
messages. RFC 3626 proposes a simpler mechanism for MPR calculation.
3.10.1 Forwarding OLSR Traffic
In OLSR a default forwarding algorithm has been specified in which MPRs are used to flood
packets. If the message received by local node is unknown, it must be forwarded in accordance
with the default forwarding algorithm which is as follows:
1) The message is silently discarded if the link is not considered symmetric. For the link
status, the link set is to be checked.
2) The assessment of the TTL in the message header is 0, the message is to be noiselessly
removed.
3) If this type of message has been to the fore already, it is supplementary not process and
discarded.
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4) If not the originator but the final hop sender of the message, then this node will be
selected as the MPR node, only then the forwarding of message is take place. If not, then
the message has to be removed.
5) Each and every time a message has to be forward, the hop-count is increased by one and
its TTL is decreased by one.
The defaulting OLSR situation is such that the node flood link-state messages, only if it is a
selected as MPR by at least one node. And it announces only its MPR selectors of these
messages. In a topology, the transmission of link-state messages is performed only by the nodes
which are selected as MPRs (gray nodes) by one or more neighbors.
3.10.2 Neighbor Discovery
HELLO messages are sent on a regular interval in order to detect the set of neighbors and set the
communication links between them.
Initially X sends an empty HELLO message. Then, Y receives this message, registers X as an
asymmetric neighbor because that Y didn’t get its own concentrate in the HELLO message it
received. Then Y in turn send an HELLO message indicating the X in the form of an asymmetric
neighbor. On getting this HELLO message X finds its own address in it, therefore X sets as Y as
a symmetric neighbor. This time X includes Y in the HELLO it sends, and Y registers X as a
symmetric neighbor when it receives the HELLO message.
HELLO messages can be used for other purposes also. They are transmitted to all the 1-hop
neighbors. The main objective of it are neighbor-sensing, link-sensing, 2-hop neighborsensing and MPR selector sensing. Throughout the operation the HELLO messages interchange
information about all their known neighbors nodes. This types of the neighbors are also declared.
It is also declared in HELLO messages that which nodes are selected as MPR nodes by a node.
HELLO messages are generated for each interface.
The HELLO message is incorporated as the main body part of an OLSR-message. The
information regarding the link between the neighbor and type of the neighbor are contained in
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the link code field. The link type and the neighbor type describe the state of the link and the state
of the neighbor including MPR information, respectively.
The link set maintains the information about the link between a node and all its neighbors. In
HELLO messages, a node will transmits all of the information regarding its links to the neighbor
nodes. While declaring the links, the IP addresses of the actual interfaces are used, which make
the link.
Whenever a HELLO message is received by a node from its neighbor, the first thing the node
will do is that the IP address of the interface at which the message was received is contained in
the HELLO message or not. The link set is then updated as follows:
 A new entry is created if there is no existing link entry for the tuple (originating IP, IP of
received interface), then a new entry is generated. Whenever the link entry is created, it is
checked whether a corresponding neighbor entry exists or not, if not then a corresponding
neighbor entry is also created.
 According to the validity time received in the HELLO message, an asymmetric timer is
also updated. This timer will be responsible to decide the duration for which the link
entry will be considered asymmetric if the symmetric timer expires.
 If the HELLO message contains the address of the receiving interface, the
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timer for that interface is updated. Also the status of link is updated if required.
According to this link, if necessary, the neighbor entry is also updated.
 Out of the symmetric timer and asymmetric timer, whichever is maximum, is set as the
actual holding time for this entry.

3.10.3 Neighbor Detection
In neighbor detection 1-hop neighbor repositories are maintained. This task is achieved by only
using the main addresses of nodes. Whenever a new link entry is created, OLSR tries to search in
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the neighbor table for a corresponding neighbor entry. If there is no such entry available, then a
new entry is created for that neighbor.
Whenever there are changes observed in the link-set, OLSR updates the neighbor entries as well.
The corresponding neighbor entry gets deleted whenever a link-entry is deleted (only if there is
no other existing link entry for that neighbor).
3.10.4 Two Hop Neighbor Detection
Along with 1-hop neighbors, a node maintains another repository for all the nodes which are
reachable via symmetric neighbors. This repository is called the 2-hop neighbor set.
When a HELLO message is received from the neighbor which is a symmetric neighbor, all the
nodes which are briefed in that HELLO message, excluding those who are belong to the local
node, are either added or updated in 2-hop neighbor set.
3.11 MPR Selector Detection
The nodes will send the HELLO messages by setting the Neighbor Type to be MPR NEIGH to
report their selected MPR neighbors. When a HELLO message is received, the node will check
the neighbors included in the message for their entries matching one of the addresses used by the
local node. An entry in the MPR selector set is created or updated with the main address of the
sender of the HELLO message if the entry with matching address is found and the neighbor type
of that entry is set to MPR NEIGH.
3.11.1 Link State Declaration
The links between the neighbor nodes is describes by the link state. This is complete by using
Topology Control (TC) messages.
The TC messages are inundated through the MPRs. This process is repeated on the basis of the
regular interval. But as soon as some changes are detected in the MPR selector set the TC
messages are also generated
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3.12 Advertised Neighbor Sequence Number
The Advertised Neighbor Sequence Number (ANSN) is a number which is related with the
advertised neighbor set of a node. The ANSN values symbolize the originality of the information
which is being contained within the message. That implies the larger the ANSN number, more
resent the information is. This means that whenever some change is detected in a nodes
advertised neighbor set, this value is increased by one. However, this number is not increased
every time a TC message is generated.
3.13 Populate the Topology Set
The TC repository is updated, after having received a TC message, as follows:
 A new entry is created in TC repository having validity time and ANSN set as received in
TC message header. This is only done if there is no entry already registered in the TC
repository of the originator node.
 If an entry already exists and the ANSN value is lower than the received ANSN, then that
entry is updated accordingly.
 If there is an entry present in the TC repository with the originator node’s address, having
an ANSN same as the received ANSN, then only the validity time of the entry is updated.
3.14 Route Calculation
In RFC-3626 a shortest path algorithm has been proposed for route calculation. This algorithm is
however trivial. It is explained below:
1) Add all the 1-hop symmetric neighborhoods to the steering table with a hop-count of
equal to one.
2) For every 1-hop neighborhood which is registered as symmetric, add all 2-hop
neighbors registered on that neighborhood which has:
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Been not already added to the routing table.



A symmetric link to the neighborhood.



These entries are added in the routing table with a hop-count two and next-hop as
the current neighborhood.

3) Now for each and every node N added in the routing table with hop-count n = 2, will adds
up

all entries from the TC set where:



The originator in the TC entry == N in routing table.



The destination is already not added to the routing table.



The new entries are added with a hop-count of n+1 and next-hop as the
registered on Ns routing entry in routing table.

4) Now increase n by one, repeat the step 3 again and again until there are no entries to enter
in the routing table which have hop-count equal to n + 1.
5) For all the entries E which are done in the routing table the MID is set to queried for the
address

aliases. If such type of aliases exist the entry is adds up to the routing table with

hop count set to Es hop-count, and the next-hop set to Es next-hop for every alias
address.
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CHAPTER – 4
NETWORK SIMULATOR – 2
An Introduction
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4.1 Network Simulator:
4.1.1 Introduction
Network simulator is a separate event packet level simulator. The network simulator cover a
huge number of applications of multiple kinds of protocols of variable network types consisting
of variable network fundamentals and traffic model. Network simulator is a complete wrap up of
tools to imitate performance of network such as creating network topologies, log events which
happen under any load, examine the events and comprehend the network. NS-2 was developed
by UC Berkeley and maintained by USC. It is one of the most popular simulator in scientiﬁc
environment. In it physical activities are translated into events. In order to schedule occurrences
events are queued and processed. As the events are processed, time processes.

Figure 4.1. Example of an nodes in a network with timing constraints

4.1.2 Platform required in order to run network simulator
 Unix and Unix like systems
 Linux (Use Fedora or Ubuntu versions)
 Windows 95/98/NT/2000/XP
 Free BSD
 SunOS/Solaris
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Figure 4.2. Console of an Network Simulator-2

Figure 4.3. Running Console of NS-2 in ubuntu
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4.1.2 Backend Environment
The Network Simulator is mostly based on the basic two languages, they are C++ and OTcl.

OTcl is the object oriented version of Tool Command language. The network simulator is a bank
of diverse system and protocol stuff.

C++ helps in numerous ways: It helps to augment the competence of simulation. It is used to
supply details of the protocols and their process. It is used to reduces the packet and event
dispensation time.

OTcl helps in the following ways: With the help of OTcl different network topologies can
describe. It help in specifying the protocols and their applications. It also allows the fast
development. Tcl is well-matched with various platforms and it is flexible for integration. Tcl is
very easy to use and it is available in free

4.2 Tcl Programming basics :

Following are the basic steps which are followed in NS-2 programming:

1) Initialization and termination aspects of network simulator.
2) Defining the network nodes, links, queues and topology as well.
3) Defining the agents and their applications
4) Network Animator(NAM)
5) Tracing

4.3 Network Animator(NAM)
Basically NAM is a Tcl/TK base animatronics tool for presenting network simulation traces and
the actual real world packet traces. NAM supports the topology layout, packet level animation,
and various data inspection tools. Nam starts at LBL. It has been evolve significantly in the last
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only some years. The development of NAM work is an ongoing partnership with the VINT
project. Now a days it is being developed as an open source project hosted at Source forge.

When we scamper the above program in the network simulator then we can imagine the network
in the NAM. But instead of generous arbitrary positions to the nodes, we can give suitable initial
positions to the nodes and can form a suitable topology.

Following are the few snapshots of the programme executed in the NS-2 and running on the
Network Animator:

Figure 4.4. Example of Network Animator window
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Figure 4.5. Example of NAM at the run time

4.4 X-Graph

'XGRAPH' is one of the element of ns-allinone package. It is a plotting plan which can be used
to generate graphic representations of imitation results. The xgraph program is used to create a
graph on the X display on the basis of data given which is read from either any ﬁle or from
standard input if no ﬁle is given. Also it can be used to create and present capable of 64 selfdetermining data sets by using a various colors or styles of line for each given data set. The title,
grid lines, axis labels, or tick marks, legend and grid labels are added by the Xgraph. Most
components of the graph has options in order to control the appearance of the graph.
An ordered list of points for data set in xgraph are present which are in the form of “directive X
Y”. In the directive “draw”, between the previous point and the current point a line will be
drawn. In directive “move”, it indicates xgraph not to draw a line between the points. The
default directive is “draw” directive. By enclosing the name in double quotes the name of a data
set can be speciﬁed. By writing lines of the form “option: value” overall graphing options for the
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graph can be speciﬁed in data ﬁles. Depends on the window manager currently in use the
interface used to specify the size and location of this window.
All of the data sets will be display graphically with a fable in the upper right corner of the screen
as the window is been opened. In the upper left corner of each window: Hardcopy, Close and
About, are the three control buttons are also present.
The X-graph also accepts huge number of options most of them can be speciﬁed either on the
command line by the users .Xdefaults or .Xresources ﬁle, or within the data ﬁles themselves.
Given below are the list of these options . ”program.option: value” is the format of the option in
the X defaults ﬁle, where the program is the program name in xgraph and the option name is the
one mentioned below. Except the program name is omitted, option speciﬁcations in the data ﬁle
are similar to the X defaults ﬁle speciﬁcation.
4.4.1. Windows Interface
 Depending on the window manager currently in use, the interface used to specify the size
and location of this window
 All of the data sets will be displayed graphically with a legend in the upper right corner
of the screen as the window has been opened.
 Hardcopy, Close and About are the three control buttons in the upper left corner of each
window in the Xgraph.

4.4.2 Xgraph command options

 -geometry WxH (Geometry): initial size and location of the Xgraph window are
specified.
 -bar (BarGraph): the vertical bars should be drawn from the data points to a base point
are specified which can be precise with -brb.
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 -brb <base> (BarBase): This is used to specify the base for a bar graph. By default,
the base is zero.
 -brw <width> (BarWidth): This is used to specify the width of bars in a bar graph.
The amount is specified by the user in the user’s units. By default, a bar one pixel wide is
drawn.

Following is the example of xgraph in NS-2:

Figure 4.6. Example of Xgraph window 1
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Figure 4.7. Example of Xgraph window 2

4.4.3. Execution Command
 xgraph DataFile.txt –geometry 400 x 400, Here DataFile.txt can be Replaced with trace
file generated from Ns-2.this command will show the graph using X and Y co-ordinates
with Geometry of 400 X 400
 xgraph DataFile.txt –geometry 400x400 –bar –brb 2 –brw 0.5 –tk –bb –nl –bg white –
t “Example_Xgraph” –x “Xaxis” –y “Yaxis” . This command will generate Bar Graph.
 Xgraph DataFile.txt DataFile2.txt –bg white –tk –bb –m -M –t “Marker” –geometry 800
x 400.This command used to compare the two Files and generated graph

4.4.4. Awk and Xgraph
 Awk programming is used to generate the detailed analysis of NS-2 trace file.
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 Metric's like Throughput,end-to-end Delay,Jitter,NRL,Packet Delivery ratio can be
calculated using Awk scripts. Generate output's by changing scenario files.
 Keep these outputs in a Text file in the Form of X and Y co-ordinates .for example, you
can keep No_of _mobile nodes on X-axis and PDF on Y-axis.

4.4.5. Xgraph of two Trace files
 Xgraph can generated using Two files .This graph will show the comparison of two files
with different data
 command :Xgraph DataFile.txt DataFile2.txt –bg white –tk –bb –m -M –t “Marker” –
geometry 800x400
 Like wise One can compare two Routing Protocols and evaluate the best among them.
For example comparison of AODV performance with DSDV in MANET.
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CHAPTER – 5
SIMULATION AND RESULTS
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For Simulation to perform we need to install Ubuntu in our system the the simulation software is
needed, here we use Network Simulator 2 (NS2). Here is the steps to install NS2 in ubuntu:
5.1 Steps to install NS2 in UBUNTU


Firstly open the Terminal (Ctl+Alt+T) and write the command “sudo apt-get update” for
necessary updates.



Then write “sudo apt-get install build essential autoconf automake libxmu-dev” on
terminal for necessary library.



The tar file which is downloaded file. We need to untar it. So, write “tar zxvf ns-allinone2.35.tar.gz“.

Then the following commands are performed:





cd ns-allinone-2.35
./install
cd
sudo apt-get install ns2

Now we need to install NAM editor. For the write



cd ns-allinone-2.35/nam-1.15/
sudo make install

The ns2 installation is complete on your Ubuntu 12.04 LTS. Now write nam on terminal and we
find the following window.
5.2. Install NS2 (ns-allinone-2.35) on Ubuntu 12.04 LTS
Network Simulator (ns2) is a very popular simulation software. Most of the people face
difficulties in installing ns2 on ubuntu, however I am here posting step by step installation
procedure through which I installed ns2 on my ubuntu OS.
5.2.1 Introduction
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This installation guide is on Linux Ubuntu 12.04 LTS and uses ns-allinone-2.35 source file for
NS2. I assume that you have the skill to install Ubuntu, so I skip this process, and focus on the
installation of NS2 (step-by-step with commands).
5.2.2 Installation

Step 1
First open the Terminal (Ctrl+Alt+T) and write the following command for necessary updates.
sudo apt-get update
Step 2
After installing updates, you have to install some essential software for installing ns2:
sudo apt-get install tcl8.5-dev tk8.5-dev
sudo apt-get install build-essential autoconf automake
sudo apt-get install perl xgraph libxt-dev libx11-dev libxmu-dev
Step 3
Download NS2 source file.
Then you will get a file named “ns-allinone-2.35.tar.gz“
Step 4
Unpack ns-allinone-2.35.tar.gz to your home directory.
tar -zxvf ns-allinone-2.35.tar.gz
Step 5
Install NS2:
cd /home/ns-allinone-2.35
sudo ./install
Step 6
Modify .bahrc
gedit /home/.bashrc
Go to the last line and add the scripts below:
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export PATH=$PATH:/home/ns-allinone-2.35/bin:/home/sohanjyoti/ns-allinone2.35/tcl8.5.10/unix:/home/sohanjyoti/ns-allinone-2.35/tk8.5.10/unix
export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:/home/ns-allinone-2.35/otcl1.14:/home/sohanjyoti/ns-allinone-2.35/lib
export TCL_LIBRARY=$TCL_LIBRARY:/home/ns-allinone-2.35/tcl8.5.10/library
Enable the path setting:
cd /home
source .bashrc
5.2.3 Verifying

which ns
If it shows /home/ns-allinone-2.35/bin/ns, voila…it works!
Alternatively, you can check by typing ns in your Terminal.
If it returns %, then you are good to go.
After installing NS2 in our system we have to perform coding for OLSR protocol. Following are
the few simulations performed:

5.3 Simulation Experiments
Routing protocol is the important area in MANET. The performance of MANET is measured by
efficient routing in adapting dynamic changing topology. Routing protocol were tested based on
different performance metrics by varying network size, mobility speed, pause time. Packet Loss
problem is more in wireless network comparison to wired network. I have simulated some issue
of packet loss in MANETs.
5.3.1 Packet Loss Problem in MANETs
Packet Loss problem is much more complicated in MANETs because each node connected by
wireless link and wireless link is affected by transmission error, dynamic topology changing and
mobility speed. A lots of factor is there of packet loss in MANETs such as nodes failure,
transmission range, broken links, no route to destination and network congestions. Here I have
investigated packet loss problem in a scenario and implement this scenario in Network
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Simulator-2. Also the comparison on various factors like delay, data loss and throughput is
explained via graphs.

5.4 Simulation
The method for analyzing the routing protocols traffic is to begin with a carefully designed base
configuration and network scenario for the experiment, and to vary the node density and mobility
at a time to stress the network in different directions. Careful selection of these control
parameters enables us to assess and isolate the effect of network size, with fixed application
traffic CBR. In addition, design of the base condition, network topology, and routing are to be
taken into account the real networks for which the results should be applicable.
In this experiment, we noted down the throughput, packet loss and packet end-to-end delay
values for various few node and a multimode scenarios for assessing the scalability issue for the
routing protocols under consideration. In the beginning of the experiment, the initial settings of
the node and simulation times were thoroughly checked out. Care also is taken in selection of the
terrain dimension, disabling the unnecessary filter components in the simulator settings. The
experiment is continued for 33 seconds and every single second function is noticed through
NAM. In all these cases, we noted down the throughput, packet loss and packet end-to-end delay
in real times of the simulator. We selected the terrain dimensions as 500m x500m, and nodes in
the terrain are static.
I have started a simple simulation how the nodes transfer data, and how the data is affected by
the surrounding conditions like network connection, distance between two nodes, network
congestion, source and sink problem.. I have created a network with following simulation.
Parameters are shown in table 1.
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Parameter

Value

Simulator

NS – 2

Number Of Nodes

8

Simulation Time

33 Sec

Traffic Type

CBR(Constant Bit Rate)

Packet Size

512 Bytes

Mobility Model

Constant Position Mobility Model

Routing Protocol

OLSR Routing

Mac_type

Mac/802_11

Network Structure

Grid Structure

Table 2: Simulation Setup Parameters
Here we have a snapshot of the code used in simulation process.
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Figure 5.1. Snapshot of the code
After Completing the code, now we will run the above code on Network Simulator -2 console in
ubuntu by using “ns” command followed by the file name as, ns thesis.tcl. Following is the
snapshot of the console performing the execution command for the tcl file.

Figure 5.2. “ns” command to run the tcl file on ns-2 console
After executing above command we get following commands on the console in addition we get
the NAM file and three xgraph executed through the code.
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Figure5.3. Ooutput of the code including NAM file and XGRAPH
Basically NAM is a Tcl/TK base animatronics tool for presenting network simulation traces and the
actual real world packet traces. NAM supports the topology layout, packet level animation, and various
data inspection tools. Following are the output of the above Simulation in NS-2 NAM:
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Figure 5.4. NAM showing data transfer from one node to another

Figure 5.5. NAM file showing wireless area, data transfer within nodes and packet loss during
data transfer
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Figure5.6. Packet loss during data transmission due to congestion

In addition to this NAM file we get three xgraph of packet delay, packet loss and throughput.
5.4.1 Packet End-to-End Delay –

The delay of a packet is the time it takes the packet to achieve the destination after it leaves the
source. The average packet delay for a network is obtained by averaging over all packets and all
source destination pairs.
Average End-to-End Delay tells possible Delay in the network b/w source and destination
node and also provides quality of communication. OLSR routing are proactive nature it means
all routes are available at all times. While in AODV routes are determined when needed. So
OLSR has low delay than AODV. Because AODV takes time to make route. Delay in the
network is affected by mobility speed.
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Figure 5.7. XGraph of Packet End-to-End delay
5.4.2 Packet End-to-End Delay Analysis-

Initially, when the network is less congested, transmission of data take place between two nodes
the amount of Packet End-to-End Delay is very low. All of the packets will transfer on time or
with little amount of delay. But as time increases and the transmission increases between nodes
the amount of Packet End-to-End Delay increases gradually. As all the nodes in the network start
transmission the delay at its peak due to the congestion, less buffer capacity, sending capacity is
more than receiving capacity etc.
Thus for less delay the network should be less congested or all transmission cannot be done at
same time.
5.4.3 Packet Loss –

Packet Loss problem is much more complicated in MANETs because each node connected by
wireless link and wireless link is affected by transmission error, dynamic topology changing and
mobility speed. A lots of factor is there of packet loss in MANETs such as nodes failure,
transmission range, broken links, no route to destination and network congestions
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Figure5.8. XGraph of Packet Loss
5.4.4 Packet Loss Analysis-

As happens in case of Packet End-to-End Delay, here also initially the packet loss is minimum
when the data transmission is between two nodes only. As, the transmission between nodes
increases, the amount of packet loss increases which is not in a uniform fashion. At a particular
time when all of the nodes start sending packets due to congestion few packets are discarded, the
reason is same as in the Packet End-to-End Delay.
Thus the network should be designed which is less congested i.e having less amount of nodes
also all transmission should not perform at the same time. New packets should be transfer after
getting the acknowledgment of the previous packet or after a fixed amount of time.
5.4.5 Throughput –

The ratio of successfully transmitted data per second. It is one of the dimensional parameters of
the network which gives the fraction of the channel capacity used for useful transmission selects
a destination at the beginning of the simulation i.e., information whether or not data packets
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correctly delivered to the destinations.

Figure5.9. Xgraph of Throughput
5.4.6 Throughput Analysis –

Initially when the network simulation started the throughput is maximum as all data is
transmitted properly. Little increase in amount of transmission of packets throughput remains
same. But as the packet loss and packet delay started due to network congestion the throughput
start decreasing gradually. As the amount of packet send is not received properly at the source.
Thus the throughput is dependend upon the packet loss, packet end-to-end delay, congestion etc.

5.5 Example of Quality of Service (Qos) Mobile Ad-Hoc Network (MANET) using NS-2:-

A huge network is created by a combination of multiple small networks. Nodes are free to move
from one network to other network. The circles around the node indicates the area of that
network. As the node transfer from the area of network to other the colour of circle changes. The
node catches the strongest signal from the nearest network. Thus the amount of node in a single
network is limited and transmission of packets can easily send from one network to another
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network. Thus the problems like high packet delay, packet loss, congestion and less throughput
is easily solved.
Following is the snapshot of the NAM file-

Figure 5.10. Example of QoS MANET showing multiple network

Figure5.11. Example of QoS MANET showing transfer of node from one network to other
network
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CHAPTER – 6
CONCLUSION
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In this dissertation we studies several aspects of wireless ad-hoc networks which provide the
possibility of true mobile communication, where end-user devices can communicate anywhere
and anytime they want, without the need for existing infrastructure. To expand the range of the
network the devices that can not reach each other directly will forward their data through one of
the other devices until the destination is reached. While this freedom in communication opens up
new possibilities, the drastically different nature of ad-hoc networks also poses several
challenges such as limited bandwidth due to the broadcast behavior of the wireless medium, the
need for decentralized protocols, and frequent topology changes. In this work we focus on two
aspects of routing in ad-hoc networking: Quality-of-Service routing with the intention of
improving the network scalability are studied in close relation to the Optimized Link-State
Routing (OLSR) protocol.

In comparision to routing protocols with best-effort, QoS routing is added with costs, which can
be manipulate the presentation and functioning of the routing protocol. In this thesis, not only the
heuristics is developed that allow OLSR to discover the maximum bandwidth path,but this is
also shown through simulation by using Network Simulator – 2 (NS-2) and proof that these
heuristics can improve OLSR in the bandwidth QoS aspect, but also analyze the cost paid to
obtain such achievement. Thus an improved version of OLSR can be obtained.

In order to make a QoS MANET inspite of making a single network with huge amount of nodes,
multiple network with less amount of node can be made so that the problem of packet loss,
packet delay, condestion etc can be solved. In this way all the nodes in whether in different
network can communicate with each other easily, as when one node transfer from one network to
another network it catches the signals from that network which is stronger. Thus the network is
congestion free and above problem is solved easily.
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GLOSSARY

AODV

Adhoc Ondemand Distance Vector.

CBR

Constant Bit Rate.

ANSN

Advertised Neighbor Sequence Number

DOS

Denial of Services.

DSDV

Destination Sequence Distance Vector.

DSR

Dynamic Source Routing.

MANET

Mobile Ad-hoc Network.

MPR

Multi Point Relay.

OLSR

Optimized Link State Routing.

PDA

Personal Digital Assistant.

PDR

Packet Delivery Ratio.

QoS

Quality of Service.

RERR

Route Error.

RREP

Route Reply.

RREQ

Route Request.

TC

Topology Control.

ZRP

Zone Routing Protocol.
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Abstract - Quality-of-service (QoS) routing in an AdHoc network is complicated because the network
topology possibly will change continuously and the
accessible state information for routing is naturally
inaccurate. An optimal route selected in OLSR
(Optimized Link State Routing) is not the shortest path
always, and based on the network arrangement and
load. Other alternative like a longer route having a
large bandwidth will be a improved option.
In this paper, we are developing QoS versions of the
OLSR protocol, which is a pro-active Ad-Hoc routing
protocol. Here introducing heuristics that allows OLSR
to find the maximum bandwidth path.

protocols. The key concept in OLSR is MPRs
(Multipoint relays) which are accountable for
dispersal control traffic to the entire network via
transmission of TC (Topology Control) messages. TC
messages are totally sent by the MPR nodes,so this
significantly reduces the incur overhead at the time of
flooding process.
Moreover, the MPR nodes are used to construct the
routing paths because any route in the network is
computed using the information controlled in TC
messages. In OLSR, an optimal route relying two
nodes is calculated based on the MPR selection
mechanism defined in the RFC 3626 [2], in which the
main routes selection criterion is the number of hops
to the destination node. The main drawback of OLSR
is its lack of mechanisms that allow it to provide QoS
guarantees, which makes it unable to find the optimal
route that satisfies the QoS requirements of a given
traffic flow. Moreover, we cannot apply this heuristic
in QoS routing for MPR selection in OLSR due to
their selection criteria which is the number of hops.
This criteria may hide the good quality links to other
nodes. To circumvent such drawback, we propose, in
this paper, a new approach that ensures to find the
path with the best QoS based on bandwidth fair-share
estimation between the adjacent nodes.

Key-word: Quality of Service, OLSR protocol, mobile
ad hoc networks.

I.INTRODUCTION
A Mobile Ad-Hoc network (MANET) [1] is a selfmotivated multi-hop wireless network that is created
by a group of mobile nodes on a shared wireless
channel. The network topology changes rapidly and
unpredictably as nodes are free to move randomly.
The Ad-Hoc network can manage standalone, or can
be connected to the larger Internet. An example of
Ad-Hoc network is that a group of soldiers in
outdoors while communicating with one another
through the radios.
Devoid of a central controller to control the
communication for network, without a fixed
topology, the most tricky task is routing. Many
routing protocols have been standardized by IETF (
Internet Engineering Task Force)
for WMNs,
among which the Optimized Link State Routing
(OLSR) protocol [2]. OLSR is a proactive routing
protocol proposed for Mobile Ad hoc NETworks
(MANETs), it is an optimization of link state

II. RELATED WORKS
In wireless networks, finding the path that ensures a
high throughput to fulfil the QoS requirements is
essential given the instability of the medium of these
networks compared to their wired counterpart. The
most used metric in Ad hoc networks for routing is
the minimum hops number. AODV(Ad hoc On
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Demand Distance Vector) [3] and OLSR [2] are an
example of the routing protocols that use this metric.
The use of the minimum hops number in these
protocols is not a good idea since some links which
are more stable and have higher bandwidth may not
be chosen in the routing paths.
Recently, a number of schemes have been proposed
to deal with routing issues in wireless mesh network.
Here summarizing the most significant contributions
in the

received it, and 2) it just received it from a node
which belongs to its MPR selectors set. Figure. 1
shows an example illustrating the MPR set selection
mechanism. The node for which we want to compute
the MPR set is B, the set of B’s 1-hop neighbors is
A,C,D,E,F. The set of B’s 2-hop neighbors is G,H,I,J.
Then, to reach this set we can pass through the nodes
belonging to one of the following sub-sets:
{D,E},{D,F} or {D,E,F}. Since we have two minimal
sub-sets which are {D,F} and {D,F}, then the chosen
MPR set of B is {D,E} because E has higher
connectivity than F (i.e, E is connected to H, I, J
however F is connected only to I and J).

literature.
In [3] De Couto et al. propose a new metric to select
a path in multi-hop routing which is the expected
transmission count (ETX) [3], this metric can
improve the throughput of a wireless network but it is
not designed to cope well with short-term channel
variations because it uses the mean loss ratios to
decide the routing. In [5], the authors have used
Expected Transmission Time (ETT) as a metric for
routing decisions, they improve ETX by considering
the differences in the link transmission rate. The
drawback of the above metrics is that they did not
take into account the interference between adjacent
nodes.
As contrasting to the existing schemes in the
literature, where the hop count is the major metric
used to select the finest routing path, we propose a
novel MPR selection scheme that ensures a best QoS
in WMNs using OLSR. In our scheme, we choose the
set of MPR nodes based on the bandwidth fair share
assessment among a set of neighbor nodes in order to
guarantee that the chosen routing path ensures high
bandwidth from the source node to the destination.
The bandwidth estimation is carried out according to
the proposed scheme in [6].

Figure 1: An example of network topology illustrating the MPR
selection process: nodes E and D are MPRs for node B

III. THE PROPOSED SOLUTION
In this section, we present our approach that aims to
select the greatest route that guarantees the QoS
necessities from the source to the destination node
using bandwidth fair-share assessment between
adjacent nodes along with the weights given to each
link. Thus, instead of selecting the shortest path, we
aim to select the path with the highest bandwidth.
The key idea of our approach is to use the conflict
graph to represent the interferences area and then
calculate the maximal cliques in this graph. After
having the set of maximal cliques, we estimate the
bandwidth possessed by each link. To do so, two
steps are needed as described below:
 Bandwidth fair-share estimation between
adjacent nodes.
 Find the route which guarantees the best
QoS in terms of bandwidth.
Finding the best route requires to design a new
algorithm which allows to select the MPR set in

In OLSR, each node select its MPR set among its one
hop symmetric neighbors. These MPRs permit a node
to reach all its two hops neighbors with minimum
number of retransmissions. Dispersion of a message
to the whole network with duplication can be done by
classical flooding mechanism using the following
rule: a node relays a message if and only if it has not
already received it. Spreading a message using the
MPR nodes reduces significantly the induce
overhead, compared to the above spreading
mechanism, due to the following rule: an MPR node
relays a message if and only if : 1) it hasn’t already
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OLSR using the bandwidth as the main standard of
selection.
A. Conflict graph construction
As a first step of our approach, the node seeking for a
path towards its destination constructs the contention
flow graph with nodes within its carrier sensing range
to derive its predicted fair-share of bandwidth
according to the schemes proposed in [6] and [7].
After
establishing
the
connectivity
graph
(transmission graph) between nodes, thanks to the
analyze of the received information in Hello and TC
messages, the graph is constructed by considering the
worst case scenario 1 assuming the maximum
number of contending links to compute the
bandwidth fair share. We represent the wireless
interferences by a conflict graph [8]. For example, in
Figure. 2 the node E acquires the set of its 2-hops
neighbors A, B, F and H from the Hello messages
sent by the nodes C and G. Due to the TC message
sent by H which is an MPR (Multipoint Relay) of I,
the node E discovers that the node I is its 3-hops
neighbors.

Figure 3: The conflict graph

After acquiring the necessary information for the last
step, the node E builds the conflict graph within its
carrier sensing range, whose vertices correspond to
links in the connectivity graph, as shown in Figure. 2,
from which it extracts the set of maximal cliques [9].
Since the topological information acquired is partial,
node E builds this graph by assuming the maximum
number of contending links.
Figure 4: The set of maximal cliques

B. How to estimate the bandwidth with the weights?
Once the conflict graph is established and the set of
maximal cliques is derived, the node E estimates its
fair-share of bandwidth as follows.
For each clique, we compute the weight
corresponding to the links that compose it. For
example, in Figure. 4, we found three maximal
cliques whose sizes are 5, 5 and 6, respectively. The
weight for the nodes belonging to both of these
cliques with size 5 is 1/5 and for the third clique is
1/6. If a node belongs to more than one clique we
choose the minimum weight (1). The connectivity
graph with weights is represented in Figure. 5 whose
the weights are in red color.

Figure 2: The connectivity graph

The set of maximal cliques corresponding to the
conflict graph in Figure. 3 is shown in Figure. 4.
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proposed a novel MPR selection scheme that
combine both of the connectivity degree and the
offered bandwidth metrics to select the MPRs that
make sure higher QoS guarantees. To calculate the
bandwidth of each link, a conflict graph based
approach has been used. Then, MPRs are selected
based on the bandwidth as a primary metric. If two
MPR candidates offer the same bandwidth then the
connectivity degree is used to select one of them as
MPR node. Furthermore, it can
also provide
alternative routes with high bandwidth guarantees in
case of failure of some MPR nodes.

Let W(j) the weight of the node j. n : number of
maximal cliques that contain the node j.
W(j) = minn i=1Wi(j) (1)
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