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ABSTRACT
Wireless ad-hoc networks have recently gained significant research attention due to their vast potential of
applications in numerous fields. Multihop routing is a significantly important aspect which determines, to
a large extend, the overall performance of the network. A number of routing protocols have been
proposed for routing in wireless ad-hoc networks with focus on optimizing different aspects of the
network routing. This report focuses on studying two popular protocols for wireless networks: Ad-hoc On
Demand Distance Vector (AODV) and Optimized Link-State Routing (OLSR). The two protocols belong
to different classes of routing categorization. AODV is a popular on-demand (reactive) routing protocol
whereas the OLSR is a popular link-state based proactive routing protocol. The technical aspects of the
two protocols shall be studied while highlighting the differences between the two and simulation based
performance comparison of the two protocols shall be carried out under varying traffic and network
conditions using the Network Simulator.

Keyword: Wireless Ad-hoc network, routing protocol, Network Simulator.
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Chapter 1

Introduction
Overview
A static approach of reducing electronic devices, adding desirability in shape of new modules which are
accessible in public makes them important in current generation technologies. In the field of computing,
autonomy of communication is closely connected with rapid growth of mobility. The evolution of
wireless networking approaches provides an immense growth and contribution to the current
technologies.
A wireless ad-hoc network is a wireless network spread out without any framing. Vehicular ad-hoc
networks (VANET), mobile ad-hoc networks (MANET) and wireless mesh networks (WMN) are
included in it.
Mobile ad-hoc networks have unfixed routers, and all nodes are mobile. These networks are used for
battle ground communication, destructive recovery and rescue operation when the wired network is not
accessible.
Wireless mesh networks give sounder, adaptive and modifiable Internet connectivity to the users of
mobile. The efficiency of WMNs strongly depends upon the selection of the routing convention and the
quality of its application
Vehicular ad-hoc networks is rising technology assimilating cellular technology, ad-hoc networks and
wireless LAN (WAN) to perform exceptional communication and refine road traffic security and efficacy
(Meguerdichian et al., 2001).
Wireless technologies have revelatory effect on society. The accessibility of wireless network linkage is
currently regarded natural and it is frequently expected to be assured particularly in private urban locality
and in public. Investigation on wireless ad-hoc networks has been continuing for decades. The records of
wireless ad-hoc networks can be outlined back to the Defence Advanced Research Project Agency
(DAPRPA), packet radio networks (PRNet), which developed into the survivable assistive radio networks
(SURAD) program.
Security is a major element for all class of networks including wireless ad-hoc networks. It is clear that
the security problems for wireless ad-hoc networks are more difficult than that for stable networks. This is
because of network discretion in mobile devices and also the rapid configuration changes in the wireless
networks. Here network discretion includes bandwidth, small memory and low power of battery. We
concluded that two kinds of security issues in the mobile ad-hoc networks are noticed. First is the
aggression based on the networks like the Internet and the other are fault diagnoses. Fault diagnoses help
to discern the faulty nodes and eventually remove the node from the overall network. For the network
attacks there are variety of components that can be considered for security. One is availability, which
guarantees the continuity of network services, in spite of declination of service attacks. Confidentiality
assures that some facts are never revealed to unauthorized individuals. Integrity gives security that a
message being conveyed is never debased. Authentication helps a node to assure the identity of the
equal node it is spreading with (Perkins, 2008). However, ongoing attacks might permit the opponent to
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remove messages to charge messages, hence, disturbing availability, authentication, integrity and nonrepudiation.
Energy usage is yet another important interpretation metrics for wireless ad-hoc networks, which directly
interacts with the working duration of the networks. In the wireless ad-hoc networks battery backup may
not be attainable. So energy should be preserved when carrying on a high connectivity. Each node is
dependable on small-volume or capacity of batteries as energy resorts and it cannot hope for other
backups when going in remote and hostile regions. For wireless ad-hoc networks the energy impoverish
and declination is the main factor in connectivity devolution and limitation for working duration.

1.1 Aims and objectives
1.1.1 Aim
The aim of this research is to evaluate and to compare the OLSR and AODV protocols for Wireless
Ad-hoc network.

1.1.2 Objective
The work has the following objectives:
x
x
x
x
x

Study about different features such as fast convergence speed, loop-free of the OLSR and AODV
protocols.
Study of the behavior of routing protocols when changing link parameters (traffic load, mobility,
network size) in the wireless Ad-hoc networks.
Measure quantifiable metrics such as packet delivery ratio, end-to-end delay, aggregate
throughput, packet loss, routing overhead.
Analysis and discussion, which is based on comparing and studying the routing protocols by
experimentally simulating in different scenarios.
Create a simulation environment that can be used for future studies.

To perform network simulations, the Network Simulator tool (NS-2) modeler is used.

1.2 Research questions
The goal of this thesis is to evaluate the performance of OLSR and AODV protocols in a
Wireless Ad-hoc network topology.
The research questions are:
Question 1: Which routing protocol has the lowest end-to-end delay?
Question 2: Which protocol allows the highest throughput?
Question 3: Which protocol has the lowest packet loss?
Question 4: Which protocol has the highest packet delivery ratio?
Question 5: Which protocol has the least routing overhead?
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1.3 Research Methodology
In the first phase, the research work was divided into two parts. The necessary topics like Wireless Adhoc, routing protocols and other relating material were first studied. Second, design a network model in
Wireless Ad-hoc with OLSR routing protocol. By using real time traffic from Internet database provider
[4], the results obtained from simulations were studied. Later, the routing protocol AODV was
implemented in the same network scenario instead of OLSR and the results obtained from simulations
were studied. The performance of OLSR and AODV protocols with respect to specific parameters such as
initial packet loss, end-to-end delay, throughput, routing overhead and packet delivery ratio were
compared and evaluated. To evaluate and to analyse the comparative performance of these routing
protocols the network simulator NS-2 modeler was used.
Different features such as fast convergence speed, loop-free of the OLSR and AODV protocols literature
review were used.

1.3.1 Literature Review
Literature review is a research method that is primarily intended to identify the literature that is relevant
to a particular research area and to gather the information such as the extent to which the research was
conducted, the prevalent research gap in the area and the scope of the current research topic. It also acts as
a standard for a comparison between the intended research study and other studies. It helps in defining a
benchmark for identifying the contributions of remaining authors in the research area.
The literature reviews was conducted mainly based on the research question and objective. The research
objective was defined and based on the research questions, related keywords were formulated. Based on
the requirements, suitable search strings were formulated and applied on various data sources and related
literature could be identified. Identified literature could also be assessed for quality using some
inclusion/exclusion criteria and quality assessment methods. The data from the literature could be
extracted using some data extraction methods and the obtained data could be used for answering the
formulated research objective. This was organized in a way analogous to snowball sampling using the
IEEE Xplore database search engine.
Defining Keywords and search string
The below keywords are defined for building a string, which helps to find the research articles from
different databases.
“Wireless Ad-Hoc networks routing protocol performance simulation, Network simulator”

o Search title, abstract and index terms for words “Wireless Ad-Hoc network routing protocol
o

performance simulation”, example: Engineering village (Inspec), IEEE Xplore and university
library at BTH.
((((Abstract: wireless Ad-Hoc network routing protocol performance simulation) OR Document
Title: wireless Ad-Hoc network routing protocol performance simulation) OR Publication Title
(wireless Ad-Hoc network routing protocol performance simulation) OR Search Index Terms
(wireless Ad-Hoc network routing protocol performance simulation).
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Criteria for paper selection
There are two types of criteria techniques and they are:
o Inclusion criteria
o Exclusion criteria
Inclusion criteria
o Studies covering research on wireless Ad-hoc networks
o Studies covering research on routing protocols and the behavior of network simulator.
Exclusion criteria
o Articles which are not relevant to wireless Ad-hoc network performance simulation go to next
publication/article
o Removing the duplicate articles
o Articles which are not peer reviewed.

1.4 Thesis Structure
This thesis is mainly divided into ten chapters. Chapter 1 introduces the topic with the detailed discussion
of MANET. Chapter 2 presents the background of our work and types of wireless networks and some part
of related work. Chapter 3 gives the theoretical background and concepts of the ad-hoc mobile network
routing protocols i.e., reactive and proactive routing protocols. Chapter 4 presents the implementation
details and the simulation modeling of ad-hoc network. Chapter 5 is about evaluation metrics: throughput,
routing overhead, end-to-end delay, packet loss, packet delivery percentage. Chapter 6 presents the
description and motivation about scenarios. Chapter 7 gives the theoretical background about the
convergence and loop freeness of OLSR and AODV routing protocol. The analysis along with the
simulation results of all the focused routing protocols presented in chapter 8. The conclusion and future
work is presented in chapter 9, and chapter 10 presents the appendix.
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Chapter 2
Background and Related Work

Ad-hoc network is a network formed without any central administration, which consists of mobile nodes
that use a wireless interface to send packet data. The main idea behind it sometimes refers as
infrastructure less networking [26]. In a wireless ad-hoc network each node functions as both a host and a
router, and the control of the network is distributed among the nodes. Key concepts of routing protocols
AODV, TORA, DSR and DSDV are studied based on the simulation results [13]. AODV uses traditional
routing tables, one entry per destination and AODV adopts a difficult mechanism to maintain routing
information which is contrast to DSR. The simulated results indicate that DSR shows poor delay and
throughput parameters compared to AODV. AODV fared good in application oriented metrics in more
stressful situations compared to DSR [4]. A review of existing routing protocols are listed and compared
based on simulation. Both AODV and OLSR show very good statistics and provide a future scope to deal
with complex networks in stressful situations [12]. Proactive algorithms employ classical routing
strategies such as OSLR and they maintain routing information about the available paths and in contrast
reactive routing protocols such as AODV maintain only the routes that are currently in use. The main
drawback of OSLR approach is that the maintenance unused paths may occupy the bandwidth if the
topology of network changes periodically [18].
ADOV is relative of the Bellman-Ford distant vector algorithm, but it is adapted to work in mobile
environment. Route discovery is initiated by RREQ message and route is established when RREP is
received. OLSR is a table driven proactive routing protocol used mainly in MANETS and it controls
traffic overhead by using multipoint relays [23]. Ns2 is a network simulator used to visualize the
differences between the behavior of routing protocols for specific inputs and NAM allows plotting the
graph which shows variation in the throughput of corresponding protocol in the simulated environment.
In wireless ad-hoc networks, the nodes contend for access to shared wireless medium, often resulting in
collisions, interference. By using communication that improves impunity to intervention by having the
destination node combine self-interference and other-node interference to improve decoding the desired
signal.

2.1 Types of Wireless Networks
The major difference between wired network and wireless network is discussed here. A network that send
data from one point to other point via cable or wire is called wired network. The data sent over a network
which uses wireless medium from one device to another device is called wireless network. Wireless
networks offer huge convenience benefits over standard wired networks. Wireless networks are wire free,
relying on radio waves to transmit data instead of cables. Wireless networks are mainly divided into two
groups such as infrastructure wireless network and infrastructure-less network.
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2.1.1 Infrastructure networks
Fixed or Organized network topology is deployed in infrastructure network. These fixed networks have
base stations or access points from which wireless nodes can get connected (e.g., WLAN (wireless local
area networks) which are organized networks and in which each node must connect to an access point).
All the base stations or access point are connected with the main network through wired links (cables,
fiber optic) or wireless links. The Access point controls wireless communication and offers several
important advantages over an ad-hoc network. The access point or base station is one of the important
units of infrastructure network. Infrastructure network supports faster data transmission speeds and
integration with a wired network.

2.1.2 Ad- hoc or infrastructure- less network
Wireless Ad-Hoc network is a special kind of Wi-Fi networks, which it does not rely on a pre existing
infrastructure, such as routers or access points in wifi networks. This kind of ad-hoc network is called
infrastructure less network or ad-hoc network. In infrastructure less network or ad-hoc network each node
can connect to any other node in the network. These nodes get connected to each other and act as a router,
by forwarding data to other wireless nodes. Ad-hoc networks are only able to communicate with other adhoc devices, and they are not able to communicate with any infrastructure devices such as WLAN or any
other device connected to a wired network. Because of no predefined structure in ad-hoc network, routing
in these networks is more important than other network.

2.2 Wireless Ad-Hoc network
A wireless ad-hoc network is a network of wireless nodes that interconnect with each other wirelessly to
form the ad-hoc network. The word “ad-hoc” refers to the fact that there is no central authority managing
the network, such as a central Access Point or controller. Every node is independent. A Mobile Ad-hoc
Network, also known as MANET is a wireless ad-hoc network with the additional property that the nodes
into the network are mobile. The mobility of the nodes gives the name of MANET and the mobility
introduces its own challenges.
WIFI is a general term for wireless networks that use 2.4 GHz band frequency and 802.11 MAC layer
protocol. Two major subsets of wifi network includes WLAN (wireless local area networks), which are
organized wireless networks and wireless ad-hoc networks. In WLAN each node must connect to an
access point but in ad-hoc network each node can connect to any other node in the network.
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Figure 2-1: Wireless Ad-Hoc network Diagram
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Chapter 3
Routing

Ad-Hoc Network Routing Protocols
The theoretical concepts of ad-hoc routing protocols and the behaviors of proactive and reactive protocols
will be discussed in this chapter.

3.1 Routing
Routing is the process of selecting paths in a network. Routing is usually performed by a dedicated device
called a router. Routing is the act of moving a packet of data across an inter-network from a source to the
destination. Routing is often contrasted with bridging, which seem to accomplish precisely the same thing
to the casual observer. The bridging occurs at the data link layer (Layer 2), whereas routing occurs at the
network layer (Layer 3) of the OSI reference model. The routing algorithm is the part of the network layer
software responsible for deciding which output line an incoming packet should be transmitted on, i.e.
what should be the next intermediate node for the packet.

3.2 Routing types
Routing has two basic types, which are as under.
1) Link State Routing: In link-state routing, the network the link-state protocol is performed by
every switching node in the network. The basic concept of link-state routing is that every node constructs
a map of the network connectivity in the form of a graph, showing the full topology of the network i.e.
which nodes are connected to which nodes. Each node then independently calculates the next best
logical path from it to every possible destination in the network. The collection of best paths, form each
node's routing table.
2) Dynamic State Routing: In contrast, the distance-vector protocols work by having each node share
its routing table with its neighbors only. Each node does not know the complete end-to-end path, but just
knows which neighbors it should forward the data to, for a particular destination. This opens up
possibilities of routing loops.

3.3 Routing protocols
There are several kinds of routing protocols for wireless ad-hoc networks. These routing protocols are
categorized as reactive or proactive routing protocols. AODV is one of the most famous reactive protocol,
and OLSR is one the newest and famous proactive protocols. Reactive protocols seek to set up routes ondemand. If a node wants to initiate communication with a node to which it has no route, the routing
protocol will try to establish such a route. A proactive approach for routing seeks to maintain a constantly
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updated topology understanding. The whole network should, in theory, be known to all nodes. This
results in a constant overhead of routing traffic, but no initial delay in communication. I want to compare
the performance of a proactive protocol with a reactive protocol.

3.4 Reactive routing protocols
The reactive (on-demand) routing protocols create routes on-demand i.e. a route is created only when data
has actually to be sent along that route. When a route is required, the protocol launches a route discovery
process and discovers the routes. The advantage of such a scheme is that there is no periodic routing
overhead, but the disadvantage is that there is a latency of route discovery whenever a route is required.

3.4.1 AODV Routing Protocol
The Ad hoc On-Demand Distance Vector (AODV) routing protocol offers an ability of quick adaption to
dynamic link conditions, low processing and memory overhead, low network utilization and determines
unicast routes to destinations within the ad-hoc network. It uses destination sequence numbers to ensure
the elimination of loops, and consequently the counting to infinity problem, at all times, thus avoiding
related problems associated with classical distance vector protocols.
In AODV protocol, route discovery is done by broadcasting the RREQ message to neighbor nodes with
the requested destination address and a sequence number, which prevents the old messages to be
forwarded to nodes. The sequence number acts as timestamps and prevents this AODV protocol from the
loop problem. The destination sequence number for each possible destination host is stored in the routing
table. The destination sequence numbers are updated in the routing table when the host receives the
message with the greater sequence number.
The route request message (RREQ) is sent when the host does not know the route to the needed
destination host. When a host receives RREQ message, it checks the time period between the last RREQ
messages from the same host and discards the message if it is under the specified limit. Next host
increases the hop count by one in the RREQ message and makes update in own routing table basing on
the sequence number and the requested host’s address. Also the hop count is copied from the RREQ
message. Finally the host decrease request message TTL field in the IP header and broadcasts it.
Each route request message increases path hop count and passed hosts make update in their own routing
table about the requested host. This information helps the destination reply to be easily routed back to the
requested host. The route reply uses RREP message that can be only be generated by the destination host
or the hosts who have the information that the destination host is alive.
The host can generate the route reply message (RREP) if the destination is the host itself or if the route to
the destination is valid and has the same or greater destination sequence number, but only if the D field is
not set. D field in the RREQ message indicates that only the destination host can reply to the RREQ
message. When generating the RREP message host copies the destination address and the requested
host’s sequence number to the corresponding RREP message’s fields. If the receiver is the destination
host then its own sequence number is incremented and copied to the destination sequence number field. In
addition, the hop count is set to zero and the lifetime field of the RREP message is set to the initial
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timeout value of the host. If the receiver is the intermediate host, then it just copies the destination
sequence number from the routing table and adds the host address from where it has received RREQ
message to the destination address field. When the RREP message is created it is sent to the requested
hop in order to be delivered to the requested host. The hop count metric is incremented along the path, so
at the end, it corresponds to the actual distance between the hosts.
Although AODV is a reactive protocol it uses the Hello messages periodically to inform its neighbors that
the link to the host is alive. The Hello messages are broadcasted with TTL equals to 1, so that the message
will not be forwarded further. When host receives the Hello message it updates the lifetime of the host
information in the routing table. If the host does not get information from the host’s neighbor for
specified amount of time, then the routing information in the routing table is marked as lost.

Figure 3-1: Structural diagram of ad-hoc routing protocol
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3.5 Proactive Routing Protocols
Proactive (table-driven) routing protocols work on the principle of creating routes in advance. The routing
protocols exchange control messages periodically and always maintain routes to all the destinations at all
times. The advantage of such a scheme is that routes are instantly available and time is not wasted in route
discovery, but the disadvantage is that there is significant routing overhead because routing packets are
periodically exchange throughout the network in order to maintain routes.

3.5.1 OLSR Routing Protocol
Optimized Link State Protocol (OLSR) is a proactive routing protocol, so the routes are always
immediately available when needed. OLSR is an optimization version of a pure link state protocol. The
topological changes cause the flooding of the topological information to all available hosts in the network.
OLSR uses two kinds of control messages: Hello and Topology Control (TC). Hello messages are used
for finding the information about the link status and the host’s neighbors. The Hello messages are sent
only one hop away but the TC messages are broadcasted throughout the entire network.
When the first host receives the Hello message from the second host, it sets the second host status to
asymmetric in the routing table. When the first host sends a Hello message and includes that, it has the
link to the second host as asymmetric, the second host set first host status to symmetric in own routing
table. Finally, when the second host sends again Hello message, where the status of the link for the first
host is indicated as symmetric, then the first host changes the status from asymmetric to symmetric. In the
end both hosts knows that their neighbor is alive and the corresponding link is bidirectional.
The Multipoint Relays (MPR) is the key idea behind the OLSR protocol to reduce the information
exchange overhead. Instead of pure flooding the OLSR uses MPR to reduce the number of the host,
which broadcasts the information throughout the network. The MPR is a host’s one hop neighbor, which
may forward its messages. The MPR set of host is kept small in order for the protocol to be efficient. In
OLSR only the MPRs can forward the data throughout the network. Each host must have the information
about the symmetric one hop and two hop neighbors in order to calculate the optimal MPR set. The two
hop neighbors are found from the Hello message because each Hello message contains all the hosts’
neighbors. Selecting the minimum number of the one hop neighbors, which covers all the two hop
neighbors, is the goal of the MPR selection algorithm. When the host gets a new broadcast message,
which is needed to be spread throughout the network and the message’s sender interface address is in the
MPR Selector set, and then the host must forward the message. Due to possible changes in the ad-hoc
network, the MPR Selectors sets are updated continuously using Hello messages.
In order to exchange the topological information MPR nodes need to send the topology control (TC)
message. The TC messages are broadcasted throughout the network and only MPR are allowed to forward
TC messages. The TC messages are generated and broadcasted periodically in the network. The TC
message is sent by a host in order to advertise own links in the network. The host must send at least the
links of its MPR selector set. The TC message includes the own set of advertised links and the sequence
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number of each message. The sequence number is used to avoid loops of the messages and for indicating
the freshness of the message. The host must increment the sequence number when the links are removed
from the TC message and also it should increment the sequence number when the links are added to the
message. The size of the TC message can be quite big, so the TC message can be sent in parts, but then
the receiver must combine all parts during some specified amount of time.
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Chapter 4
Implementation Details

For implementation purposes, a number of files were used. The most important files are as follows:
x
x

Simulation.tcl: Used to specify the simulation settings and scenarios e.g. wireless model, radios,
antenna types, traffic types, topology and simulation duration
ShellScript.sh: This file contains Shell Scripting code and is used to feed dynamic parameters to
the Simulation.tcl file. The main aim is to automate the functioning of the simulation by
automatically running the simulations with varying parameters (e.g. Traffic, Mobility, Network
Size)

Simulation.tcl
# Simulation Script File With Simulation Parameters #
############################ MAC parameters #####################
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11
Mac/802_11

set
set
set
set
set
set
set
set
set
set
set
set
set
set
set
set
set
set
set
set
set
set

dataRate_ 11Mb
basicRate_ 1Mb
CWMin_ 31
CWMax_ 1023
SlotTime_ 0.000020 ;# 20us
SIFS_ 0.000010; # 10us
Preamble Length_ 144; # 144 bit
ShortPreambleLength_ 72; # 72 bit
PreambleDataRate_ 1.0e6; # 1Mbps
PLCPHeaderLength_ 48; # 48 bits
PLCPDataRate_ 1.0e6; # 1Mbps
ShortPLCPDataRate_ 2.0e6; # 2Mbps
RTSThreshold_ 3000; # bytes
ShortRetryLimit_ 7; # retransmissions
LongRetryLimit_ 4; # retransmissions
newchipset_ false; # use new chipset,
SlotTime_ 0.000020
SIFS_ 0.000010
PreambleLength_ 144
PLCPHeaderLength_ 48
PLCPDataRate_ 1.0e6
aarf_ false

########################################################################
Antenna/OmniAntenna set Gt_ 1; # transmitter antenna gain
Antenna/OmniAntenna set Gr_ 1; # receiver antenna gain
Phy/WirelessPhy set bandwidth_ 11Mb;
Phy/WirelessPhy set freq_ 9.14e+08
Phy/WirelessPhy set Pt_ 0.281838
#Phy/WirelessPhy set RXThresh_ 6.0908e-10
Phy/WirelessPhy set RXThresh_ 4.65262e-10
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########################################################################
set
set
set
set
set
set
set
set
set
set

val(chan) Channel/WirelessChannel ;# Channel type
val(netif) Phy/WirelessPhy ;# network interface
val(ifq) Queue/DropTail/PriQueue ;# Queue type
val(ll) LL ;# Link layer
val(ant) Antenna/OmniAntenna ;# Antenna type
val(ifqlen) 500 ;# Interface Q len
val(mac) Mac/802_11 ;# MAC
val(x) 700
val(y) 700
val(prop) Propagation/TwoRayGround

#######################################################################
###
Update Run Time Parameters
###
set val(nn) [lindex $argv 0]
set val(rp) [lindex $argv 1]
set val(stop) [lindex $argv 2]
set sc [lindex $argv 3]
set val(rate) [lindex $argv 4]
puts "nn is $val(nn)"

;#
;#
;#
;#
;#

No. of Nodes
Routing Protocol
Stop Time
Topology File
Data Rate

The purpose of each variable is commented next to it. After defining variables, initialize some global
variables to start the simulation. These variable initialization codes are presented in the following code.

#######################################################################
set ns_ [new Simulator]
set tracefd [open traceFile.tr w]
set namtrace [open simwrls.nam w]
$ns_ use-newtrace
$ns_ trace-all $tracefd
$ns_ namtrace-all-wireless $namtrace $val(x) $val(y)
set topo [new Topography]
$topo load_flatgrid $val(x) $val(y)
set god_ [create-god $val(nn)]
##############################################################
##
Configuring the nodes
##
$ns_ node-config -adhocRouting $val(rp) \
-llType $val(ll) \
-macType $val(mac) \
-ifqType $val(ifq) \
-ifqLen $val(ifqlen) \
-antType $val(ant) \
-propType $val(prop) \
-phyType $val(netif) \
-channelType $val(chan) \
-topoInstance $topo \
-agentTrace ON \
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-routerTrace ON \
-macTrace OFF \
-movementTrace OFF \
for {set i 0} {$i < $val(nn)} {incr i} {
set node_($i) [$ns_ node]
}
# ************* STOP Procedure ******************************
proc stop {} {
global ns_ tracefd namtrace
$ns_ flush-trace
close $tracefd
close $namtrace
exit 0
}
# *************************************************************

In the above code, author created ns_simulation object that performs simulation. The tracefd and
namtrace variables are file handlers that contain simulation results. In the next lines a topology and
general attributes of each host in the network are defined. Most of these attributes use variables that are
defined in the start of program. The above code is a common part of all simulations in ns2. After setting
common parameters there is a need to create a random topology of nodes. The following code creates 100
wireless hosts in a 2D flat filed and set their location in random.
In the above code as a first phase a source node with ID=0 is created. The position of source node is set to
the left-down corner of the field. After that, set the destination node ID to 99. Then in the for loop body
98 nodes created with random positions. And finally after the loop body destination node in the top-right
corner of the field is created.

#############################################################################
##
set up connections
##
for {set j 0} {$j < 5} {incr j} {
set udp($j) [new Agent/UDP]
$udp($j) set fid_ $j
set udpsink($j) [new Agent/Null]
}
for {set j 0} {$j < 5} {incr j} {
$ns_ attach-agent $node_($j) $udp($j)
}
set index [expr {$val(nn)-1}]
for {set j 0} {$j < 5} {incr j} {
$ns_ attach-agent $node_($index) $udpsink($j)
set index [expr {$index-1}]
}
for {set j 0} {$j < 5} {incr j} {
$ns_ connect $udp($j) $udpsink($j)
}
for {set j 0} {$j < 5} {incr j} {
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After creating nodes there is a need to create traffic between source and destination. The CBR packet
generator with a UDP agent is used to create and transmit traffic between nodes. In the following code
first UDP agent is created to transmit packets using UDP protocol over the network. Also at the
destination NULL agent is used to remove the incoming packets to sink. After that, establish a connection
between two agents. And finally CBR packet generator is created and attached it to source agent to
provide packets for UDP agent.

set cbr($j) [new Application/Traffic/CBR]
$cbr($j) attach-agent $udp($j)
$cbr($j) set packet_size_ 1500B
$cbr($j) set rate_ $val(rate)
}

The simulations start and finish time need to be determined after creating Agents and traffic. The
following code shows these times and start simulation.
#############################################################################
############ Start and Stop Timings of the connections ######################
$ns_
$ns_
$ns_
$ns_
$ns_
$ns_
$ns_
$ns_
$ns_
$ns_

at
at
at
at
at
at
at
at
at
at

20 "$cbr(0) start"
20.1 "$cbr(1) start"
20.2 "$cbr(2) start"
20.3 "$cbr(3) start"
20.4 "$cbr(4) start"
$val(stop) "$cbr(0) stop"
$val(stop) "$cbr(1) stop"
$val(stop) "$cbr(2) stop"
$val(stop) "$cbr(3) stop"
$val(stop) "$cbr(4) stop"

#############################################################################
puts "Loading mobility pattern....."
source $sc
##########################################################################
##
Defining initial node positions for NAM
##
for {set i 0} {$i < $val(nn)} {incr i} {
$ns_ initial_node_pos $node_($i) 40
}
##########################################################################
##
Telling nodes when the simulation ends
##
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for {set i 0} {$i < $val(nn)} {incr i} {
$ns_ at $val(stop) "$node_($i) reset"
}
########################################################################
##
Ending NAM and the simulation
##
$ns_ at $val(stop) "stop"
$ns_ at [expr $val(stop)+0.001] "puts \"Simulation ends \”; $ns_ halt"
#######################################################################
$ns_ run

In the above code for loop body sets the finishing time in each node. After that, a simulation finish time is
set and starts the simulation. The stop producer is called at the end of simulation to flush and close the
result files.
The source code of OLSR protocol is very similar to AODV protocol. The first change is routing protocol
name in the start of program.

The second and last change is setting Hello and TC message broadcast times in OLSR protocol.

4.1 Simulation Settings File
This is the main simulation file, which defines all simulation parameters. Most of the Physical, MAC and
Network layer parameters are defined in this file, while some parameters, such as number of nodes, total
simulation time, data rate of sources and the topology are passed as arguments to this file. The rest of the
file is the standard ns tcl file, which involves the creation of sources, sinks, linking them together, and
defining other related parameters. There are two main types of traces generated through this file, namely
the simulation trace and the NAM trace. The simulation trace file (traceFile.tr) contains the detailed trace
of all the events that occurred during the simulation while the NAM trace file simwrls.nam contains the
trace of the Network Animation i.e. visualization and movement of nodes.

ShellScript
###################################################################
awk 'BEGIN {printf "" > "results"}'
KB="1024"
Protocol="OLSR"
StopTime="200"
TopType="A"
counter="1"
multiple="25"
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while [ $counter -le 4 ]
do
Nodes=$[$counter*$multiple] # total nodes
Topology="/home/AODV-OLSR/Scenarios/"$Nodes"Node-pause5-speed1-700-700"$TopType
DataRate="500" # specify the data rate of one source in KBps
DataRate=$[$DataRate * $KB] # x 8 to convert into bits
# Generate the five sources and destinations
src1="0" src2="1" src3="2" src4="3" src5="4"
dst1=$[$Nodes-1] dst2=$[$Nodes-2] dst3=$[$Nodes-3]
dst4=$[$Nodes-4] dst5=$[$Nodes-5]
initialTime="20"
TimeDuration=$[$StopTime-$initialTime] # subtract starting time
ns GenericScript.tcl $Nodes $Protocol $StopTime $Topology $DataRate
printf "$Protocol-$Nodes-$TopType" >> "results"
printf "\n" >> "results"
awk -f PDR.awk duration=$TimeDuration traceFile.tr
awk -f PacketLoss.awk duration=$TimeDuration traceFile.tr
awk -f Throughput.awk duration=$TimeDuration traceFile.tr
awk -f Delay.awk s1=$src1 s2=$src2 s3=$src3 s4=$src4 s5=$src5 d1=$dst1
d2=$dst2 d3=$dst3 d4=
$dst4 d5=$dst5 traceFile.tr
awk -f RtOverhead.awk traceFile.tr
counter=$[$counter+1]
done
cp results results-$Protocol-$TopType

4.2 Shell Script File
The ShellScript.sh is the main driving script of the simulation, which calls the network simulator to
simulate a given network. This script automates the simulation process by handling multiple simulations
in same time. Mainly the script provides the capability to vary the parameters such as network size, data
rate, topology, and passes them dynamically to the network simulation executable.
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ShellScript.sh file is a Linux Shell script file. After the Network Simulator has completed a simulation, it
writes the results in a trace file. The trace file contains all the details of the simulation at the packet level
and bind with time.
The ShellScript File is used to pass parameters to the Simulation.sh file at run time, by varying the input
parameters so that the simulation process is automated. At the start, the shell script initializes some
parameters, such as Stop Time, Topology Type and then run a loop. Inside that loop the author calculated
number of nodes (this varies from 25 to 100 for successive iterations), specified the data rate, the source
and destination nodes and then pass all these variables to the Simulation.tcl file as input parameters so
that the Simulation.tcl file can execute the simulation based on these parameters. The script at the end
calls various AWK files to calculate the evaluation metrics such as throughput, PDR, delay and writes
these values to a result file for later reference.

4.3. Simulation Settings
In order to carry out the performance comparison of AODV and OLSR in a MANET topology, we have
used the open source Network Simulator (ns-2) for this purpose. Following are the details of the
simulation parameters and settings.

4.4. Simulation Parameters
The following table lists the detailed simulation parameters used in our experiments.

Simulation Parameters

Value

Network Area

700m x 700m

No. of Nodes

25 , 50 , 75 , 100

Traffic Type

CBR / UDP

No. of Flows

5

Packet Size

1500 Bytes

MAC Protocol

IEEE 802.11b

Date Rate

11 Mbps

Frequency

2.5 GHz

Propagation Model

Two-Ray Ground

Transmission Power

281 mW

Antenna

Omni-Directional

Simulation Time

200s
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4.5 Simulation Topologies
The following figures show the simulation topologies for 25, 50, 75 and 100 nodes.

25 Node Topology
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50 Node Topology

75 Node Topology
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100 Node Topology
4.6 Simulation modeling
The aim of this research is to analyze the performance of routing protocol by varying the number of nodes
from 25 nodes to 100 nodes. The performance is evaluated by means of multiple simulations with respect
to metrics such as: packet delivery ratio, packet loss ratio, aggregate throughput, end-to-end delay, routing
overhead. The experiment is performed by the use of Network Simulator ns (licensed for use under
version 2 of the GNU General Public License) to compare the group of chosen routing protocols
representing specific approaches and algorithms. NS2 (version 2) is an object-oriented, discrete event
driven network simulator developed at UC Berkeley written in C++ and OTcl.
The choice of this simulator is motivated by many advantages, among which:
o It is open source software
o Large amount of implemented protocols and contribution code.
o It consists of different topology and traffic generators which helps users to create different
scenarios.
o Reliability confirmed by common usage for research purposes.
o It provides an interface to users to configure different network protocols to each network layer.

Page |30

Figure 4-1: Data flow for a single simulation

Figure 4-2: BPMN diagram of the simulation running process outline
The simulation and analysis process are specified in the Business Process Model and Notation (BPMN)
diagram. Parameters such as dimensions of topology (width and length), number of nodes in the scenario,
name of simulated routing protocol and number of simulations repeated in the sequence are required by
OTcl script. Two external source files are used for simulation and these files contains OTcl code for
nodes movement and positioning in one file, and traffic pattern in the other file.

4.6.1 NS2 installation
1. The prerequisite to install NS2 is to have a C++ compiler.
2. A Windows XP platform is virtualized over Windows 7 using oracle VM virtual box manager.
3. All packages are installed that are required for ns2.
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4.6.2 Model Design and Implementation
In this project, the author has designed a wireless Ad-Hoc network with the simulation area to be 700*700
sq. units.
Phy/WirelessPhy set bandwidth_ 11Mb;
Phy/WirelessPhy set freq_ 9.14e+08
Phy/WirelessPhy set Pt_ 0.281838
#Phy/WirelessPhy set RXThresh_ 6.0908e-10
Phy/WirelessPhy set RXThresh_ 4.65262e-10
########################################################################
set
set
set
set
set
set
set
set
set
set

val(chan) Channel/WirelessChannel ;# Channel type
val(netif) Phy/WirelessPhy ;# network interface
val(ifq) Queue/DropTail/PriQueue ;# Queue type
val(ll) LL ;# Link layer
val(ant) Antenna/OmniAntenna ;# Antenna type
val(ifqlen) 500 ;# Interface Q len
val(mac) Mac/802_11 ;# MAC
val(x) 700
val(y) 700
val(prop) Propagation/TwoRayGround

To understand the above parameters the simulation should be conducted and concentrated on
o Traffic patterns
o Mobility models
o Interface queues
o Parameters affecting radio propagation

4.6.3 Node Movement
There is a significant distinction made between mobile and router nodes in simulation topologies in order
to illustrate real conditions [1], [4]. The main difference is the lack of movement for router nodes. A tool
is created to generate movement animation of nodes this tool takes ns2 file to generate network animator
(NAM). It is important to note that this generation of animation file is not a post simulation trace. The
network animator (NAM) file that is produced by network simulator (NS2) is playable animation file.

4.6.4 Node Transmission range
Apart from mobility, the router and mobile node’s properties differ in the matter of receiving threshold
and transmitting power[1],[3]. The value of receiving threshold (represented by variable
RXThresh_assigned to network interface type Phy/Wireless Phy in OTcl simulation code) is assigned to a
wireless node and determines the minimum value of packet’s signal power required to succeed with its
delivery. If the packet’s signal power at the destination node doesn’t reach the threshold value, it is
marked as error and dropped by the MAC layer.
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Nodes movement before and after simulation for 50 and 100 nodes

Figure 4-3: 50 nodes before simulation

Figure 4-4: 50 nodes after simulation
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Figure 4-5: 100 nodes before simulation

Figure 4-6: 100 nodes after simulation
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Figure4-7: Screenshot of evaluation program

4.6.5 Physical and MAC layers
Wireless mesh routers in the simulation are equipped with IEEE 802.11b compliant wireless cards and the
Physical and MAC layers of IEEE 802.11b are used.

4.6.6 Radio Propagation Model
The popular Two-Ray Ground radio propagation model is used to model the wireless communication.
The two-ray Ground Model is a radio propagation model that predicts path loss when the signal received
consists of the line of sight component and multi path component formed predominately by a single
ground reflected wave. In practice, a single line-of-sight path between two mobile nodes is seldom the
only means of propagation. The two-ray ground reflection model considers both the direct path and a
ground reflection path. In general, this model gives more accurate prediction at a long distance than the
free space model.
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4.6.7 Omni-directional antenna
An Omni-directional antenna transmits and receives signals equally, in all directions. That is, an Omnidirectional antenna transmits signals in a 360⁰ angle. The advantage of such an antenna is that is covers
all directions and provides connectivity in all directions, but the disadvantage is that since the energy is
scattered in all directions, the wireless range is somewhat limited. This is in contrast to directional
antennas which perform beam-forming in a particular direction only, giving a higher range but limited
degree of coverage.

4.6.8 Topology and Traffic Settings
The network size is varied from 25 nodes to 100 nodes with every topology comprising of the selected
number of nodes randomly distributed in an area of 700m x 700m. Five randomly selected nodes acts as
the sources of five different flows and other five randomly selected nodes acts as the destinations of these
flows.

4.6.9 Routing and Transport Protocols
At the network layer, two protocols AODV and OLSR are compared. At the transport layer, UDP
protocol was used.
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Chapter 5
Evaluation Metrics

The performance of routing protocols is measured through performance metrics including the throughput,
end-to-end delay and the packet delivery ratio. In general, as the traffic load increases, the routing
protocol needs to transport more data across the network, which causes more transmissions on the
wireless medium, resulting in more collisions and packet losses. Similarly, high mobility also strains the
performance of the routing protocol by involving constantly changing routes. The end-to-end delay is also
higher for high traffic, mobile topologies since there are a large number of collisions, which requires more
frequent retransmissions at the link layer, resulting in long delays. In particular, the end-to-end delay is
also tightly coupled with the network size since a large network has longer routes on average, requiring
more hops and consequently, more delay.
x

Packet Delivery Ratio: The packet delivery percentage represents the percentage of total sent
packets from source nodes, which are successfully received at the destination nodes.

x

Packet Loss Ratio: The Packet Loss Percentage (or Ratio) represents the total number of packets
lost in the network between source and destination nodes.

x

Aggregate Throughput: The aggregate throughput is the total number of bytes received at the
destination divided by the total time duration. This aggregates all the flows in the network.

x

End-to-End Delay: The end-to-end delay is the averaged results of how long it takes a packet to
go from the source to the destination.

x

Routing Overhead: The measure of routing packets (non-data) generated by the protocol.
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Chapter 6
Description and Motivation about Scenarios

To carry out the performance evaluation, the three parameters are varied and the impact of those
parameters on the performance of the two protocols is observed.
In general, as the network size increases, the average route length increases, and the routing protocol has
to carry the data through a larger number of wireless hops which introduces more delays and more
probability of collisions, therefore the performance degrades. Moreover, an increase in load also
overloads the network since the wireless medium is a shared medium and the Carrier-Sense-MultipleAccess (CSMA) mechanism of IEEE 802.11 radios is prone to collisions especially in high traffic
conditions. Therefore, the routing protocol performance worsens in the face of increasing load. As the
mobility is increased, it causes rapid changes in the network topology whereby old links break and new
links and routes are created. This requires the routing protocol to constantly adapt to the changing
topology and this typically degrades the performance of the routing protocol since it needs to update the
routing tables and creates additional routing packets which cause further strain on the wireless medium.

6.1 Network Size
The network is varied from 25 nodes to 100 nodes in order to study the scalability of the routing protocol.
It is extremely important for a routing protocol to perform well for large networks as well as for small
networks. By varying the size, the aim is to study the scalability of the routing protocol in terms of how
well it addresses the maintenance of a large number of nodes and routes.
The network size is varied from 25 nodes to 100 nodes in increments of 25 nodes. The selected area of
simulation is 700mx700m, which provides sufficient space for nodes to be mobile and sufficiently placed
apart to observe the impact of multihop routing. The network size is varied so that the behavior of the two
protocols scales with the network size. More importantly, as the network size increases, the link (and
route breakage) probability increases.

6.2 Traffic Load
To study the impact of traffic load on the performance of the protocols, the input traffic load is varied
from 1 Mbps to 4 Mbps in increments of 1 Mbps while keeping other parameters such as Network Size
and Mobility constant. The traffic load strains the network and creates additional load on the wireless
network and hence it gives a good idea of the performance of the protocol under heavy load conditions.
The input load is varied because as the network load increases, the collisions on the wireless medium also
increase along with packet losses. Thus, it is interesting to see the behavior of the two protocols as the
network load increases.

6.3 Mobility
Mobility has a significant impact on the performance of routing protocols because mobility causes
changes in the topology of the network. More precisely, mobility causes route breakages and creation of
new routes, which forces the routing protocol to converge again. This enables us to study how well the
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protocol performs in terms of dynamically evolving network conditions.
Also vary the mobility of the network by varying the pause time from 5s to 15s. The mobility is an
important criterion in the performance evaluation of ad-hoc routing protocols. High mobility creates stress
on the network in terms of higher route breakages, high packet loss probability. Therefore, it is interesting
to see the performance of the two protocols under varying mobility scenarios.
Packet lost may have various reasons:
1- Packet collision: two nodes send packet in same time.
2- High packet rate at source node: if the packet generation rate is higher than link bandwidth some
packets are lost.
3- Incoming packet queue size: if the incoming queue size is low during the routing some packets may
lost because of full queue.
4- Routing delay: if the node cannot find a route to destination in a reasonable time it drops the packet.
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Chapter 7
Convergence Speed and Loop-Freeness of OLSR and AODV
To study the convergence speed of the OLSR protocol (or any protocol) by observing the time that it
takes for the protocol to populate all the routing tables in all the nodes of the network topology. The
routing overhead can be studied by counting the number of routing packets that the protocol generates
during the simulation. These packets are generated by the protocol for the exchange of information among
nodes in the network. Loop-freeness is a property of the routing protocol and already well known e.g.
OLSR and AODV are loop-free protocols although both use different techniques, e.g. OLSR uses
Topology Control Messages whereas AODV uses Sequence Numbers to avoid loops.
Fast convergence speed means that the protocol quickly updates its routing tables in all nodes of the
network when the topology changes or when it is run for the first time. After convergence, the protocol is
ready to perform the actual routing.
Loop-freeness basically refers to the fact that there is no routing loop in the protocol. In a routing loop,
the packet moves around in circles due to incorrect routing table entries in different routers in the
network. Routing loops strain the network capacity and significantly degrade performance.
The operation of AODV ensures loop-freeness, and by avoiding the Bellman-Ford "count to infinity"
problem, the AODV protocol offers quick convergence when the ad-hoc network topology changes, such
as in the case of mobile nodes or when a node joins or leaves the network [31], [4]. The loop-freeness is
ensured by using Sequence Numbers in the Route Discovery advertisements. The basic rule is that only a
newer sequence number can replace an older entry at any router. This ensures that routing loops are not
formed.
The OLSR protocol computes and continually updates routes between all nodes in the network. To
achieve this, the OLSR performs a loop discovery for each node on each path to the destination nodes. At
convergence, each node populates a routing table, which indicates the next-hop node for any destination
in the network. This path is unique and loop-free. In order to perform this task, each node periodically
broadcasts Topology Control (TC) messages containing link state information. Since these TC messages
are broadcast to the entire network, a flooding control mechanism needs to be implemented.
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Chapter 8
Results and Discussion

Performance Evaluation Results

In this section, a performance comparison of AODV and OLSR protocols is carried out by varying
network size, varying traffic and varying mobility and gives their comparison in terms of the selected
evaluation metrics.
To prove the observations, 95% confidence interval for the sample difference between two routing
protocols is calculated. If the confidence interval shows zero then one can conclude that the routing
protocols have almost same performance. For example, the calculation of 9% confidence interval for
AODV and OLSR shows similar results. After calculating mean (x̅ ) for a pair wise difference of the two
samples of two protocols, standard deviation (σ) of the sample difference was determined. Since the
number of samples is 40, the 95% confidence interval of the two protocols will be as follows:

This interval does not include zero, we can conclude with 95% confidence interval that AODV is
significantly better than OLSR. The confidence interval is also presented in tables.
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8.1 Performance Comparison of AODV and OLSR with Varying Network Size
The following figure shows the comparison between AODV and OLSR with regard to packet delivery
performance for varying network sizes i.e. 25-100 nodes. Initially (25 nodes), OLSR outperforms AODV
because it is proactive in nature and creates routes in advance, whereas AODV wastes some time in
creating routes. The overhead of OLSR is small for smaller topologies, however, for larger topologies i.e.
50, 75 and 100 nodes, the significantly large routing overhead of OLSR degrades performance, creating
interference in the network and causing loss of packets (figure 8-2). On the other hand, AODV creates
significantly smaller overhead and hence causes fewer collisions even for larger topologies, thereby
achieving a better PDR.

Figure 8-1: Packet Delivery Percentage for AODV and OLSR

Figure 8-2: Packet Loss Percentage for AODV and OLSR
Figure 8-3 shows the comparison of end-to-end delay of the two protocols. The overall end-to-end delay
for the two protocols is comparable but OLSR has a slightly higher delay compared to AODV. The
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primary reason is that, for larger topologies, OLSR creates more routing packets due to its proactive
nature, which causes collisions and results in larger delays compared to AODV, creating so a similar
routing overhead for all topologies.

Figure 8-3: End-to-End Delay for AODV and OLSR
Figure 8-4 shows comparison of routing overhead generated by the two protocols. OLSR being a
proactive protocol creates a significantly larger routing overhead especially for larger topologies. OLSR
generates a lot of HELLO and Topology Control messages, which results in larger overhead while AODV
relies on infrequent Route Discoveries which generate less traffic.

Figure 8-4: Routing Overhead for AODV and OLSR

Page |43

Figure 8-5: Throughput for AODV and OLSR
The throughput is another representation of the Packet Delivery Ratio (figure 8-5). AODV provides a
higher throughout for larger topologies because it has a smaller routing overhead compared to OLSR
which creates a lot of overhead for larger topologies.

8.2 Performance Comparison of AODV and OLSR with Varying Traffic
As the traffic load is varied, AODV performs relatively better than OLSR because AODV being a
reactive protocol launches the route discovery process relatively infrequently whereas OLSR generates
periodic routing traffic (figure 8-6). Moreover, mobility causes significantly more changes for OLSR
(neighbor detection, Topology Control) compared to AODV. Excessive packets worsen the network
conditions as the load increases and hence OLSR performs worse than AODV. Overall, the performance
of both protocols deteriorates as the load increases (figure 8-7). Hence, we see decreased packet delivery
rates and increasing packet loss rates for both protocols.

Figure 8-6: Packet Delivery Percentage for AODV and OLSR
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Both protocols show comparable performance in terms of end-to-end delay, as the traffic load is increased
on the network (figure 8-8). Overall, we see that both the protocols have increasing delays as the traffic
load is increased because increased traffic on the wireless medium causes collisions which in turn
necessitate retransmissions at MAC layer, resulting in larger end-to-end delays.

Figure 8-7: Packet Loss Percentage for AODV and OLSR

Figure 8-8: Delay AODV and OLSR
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Figure 8-9: Routing Overhead Comparison for AODV and OLSR
The biggest difference in terms of performance of the two protocols stems from the large difference in the
routing overhead of the two protocols (figure 8-9). OLSR in general generates a larger overhead being a
proactive protocol while AODV generates a smaller overhead as it creates routes only when required. It is
also interesting to note that increasing the traffic has almost no impact on the routing overhead because
the routing overhead is mainly dependent on the network size, which for this simulation remains constant.

Figure 9-1: Throughput Comparison for AODV and OLSR
Similar to the results for Packet Delivery Rate, the throughout obtained with AODV is higher than that of
OLSR mainly because of the problem of routing overhead and a higher collision rate in OLSR as the load
increases (figure 9-1). Overall, for both protocols, the throughput increases as the amount of traffic
injected in the network increases (figure 9-1).
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8.3 Performance Comparison of AODV and OLSR for Varying Mobility

Figure 9-2: Throughput Comparison for AODV and OLSR
In terms of throughput, the two protocols show similar performance as the mobility rate is varied (pause
time 5s to 15s) (figure 9-2). This is primarily because the two protocols differ significantly when the
topology size changes, but for the case of mobility, the topology size is constant.

Figure 9-3: End-to-End Delay Comparison for AODV and OLSR
In terms of end-to-end delay, the delay remains more or less constant as the mobility is varied (figure 93). Both protocols are well equipped to handle mobility scenarios and therefore give acceptable
performance.
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In terms of routing overhead, the important point to note is that the routing overhead remains more or less
constant for both the protocols with AODV giving a smaller routing overhead due to its reactive nature
(figure 9-4). The overhead remains constant because it is mainly dependent on the network size and not
on the mobility.

Figure 9-4: Routing Overhead Comparison for AODV and OLSR

Figure 9-5: Packet Delivery Comparison for AODV and OLSR
In terms of packet delivery and loss, again, both protocols perform more or less similarly because the
topology size remains constant and hence, the number of routing packets remains more or less constant
giving a constant and somewhat stable performance for both protocols (figure 9-5 and 9-6).
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Figure 9-6: Packet Loss Comparison for AODV and OLSR
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Chapter 9
Conclusion and Future Work

The aim of this work was to evaluate the performance of routing protocols AODV and OLSR. In this
thesis, based on the results of simulation a comparative analysis was done between selected routing
protocols AODV and OLSR and the results were documented. The performance has been evaluated based
on parameters that aim to figure out the effects of routing protocols. By comparing these protocol
performances, this work justifies that the AODV routing protocol performs better compared to OLSR in
terms of:
1) End-to-end delay
2) Throughput
3) Packet loss
4) Packet delivery ratio
5) Routing overhead
AODV is a reactive protocol and creates a very low routing overhead due to discovering
routes only when needed, OLSR is proactive in nature. From the comparative analysis of routing
protocols, the AODV outperforms the OLSR. The AODV has low load than OLSR respectively. From the
above results 4-3, 4-4, 4-5, 4-6 and 4-7 the behavior of all the routing protocols in different number of
mobile nodes, it can be seen that which routing protocol perform well. In terms of network size, mobility
and traffic load AODV shows better results than OLSR. From the simulated results the behaviors of all
routing protocols for different numbers of mobile nodes was observed and we came to the conclusion that
AODV routing protocol performs well. The study of these routing protocols shows that the AODV is
better in wireless ad-hoc network according to the simulation results but it is not necessary that AODV
perform always better in all the networks. Its performance may vary by varying the network. At the end
we came to the point that the performance of routing protocols vary with network size and selection of
accurate routing protocols according to the network that ultimately influence the efficiency of that
network in efficient way.
Future work is about the development of modified version of the selected routing protocols, which should
consider different aspects of routing protocols such as rate of higher route establishment with less route
breakage and the weakness of the protocols mentioned should be improvised.
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9.1 Answer to the Research Questions
The answers to these research questions based on our research results in the following section
RQ1. Which routing protocol has the lowest end-to-end delay for wireless Ad-Hoc network topology?
Ans. Network Size: The overall end-to-end delay for the two protocols is comparable but OLSR has a
slightly higher delay compared to AODV. The primary reason is that for larger topologies, OLSR creates
more routing packets due to its proactive nature, which causes collisions and results in larger delays
compared to AODV. This creates a similar routing overhead for all topologies.
Traffic Load: Both protocols have increasing delays as the traffic load is increased because increased
traffic on the wireless medium causes collisions, which in turn necessitate retransmissions at MAC layer,
resulting so in larger end-to-end delays.
Mobility: The delay remains more or less constant as the mobility is varied. Both protocols are well
equipped to handle mobility scenarios and therefore give acceptable performance.
RQ2. Which protocol provides the highest network throughput?
Ans. Network size: AODV provides a higher throughput for larger topologies because it has smaller
routing overhead compared to OLSR, which created a lot of overhead for larger topologies.
Traffic Load: AODV is higher than that of OLSR mainly because the problem of routing overhead and
higher collision rate in OLSR as the load increase.
Mobility: The two protocols differ significantly when the topology size changes
RQ3. Which routing protocol has the least routing overhead for wireless ad-hoc network?
Ans. Network Size: OLSR generated a lot of HELLO and topology control messages, which results in
large overhead while AODV relies on infrequent route discoveries which generates less traffic.
Traffic Load: OLSR general generates a larger overhead being a proactive protocol while AODV
generates a smaller overhead as it creates routes only when required.
Mobility: AODV gives a small routing overhead due to its reactive nature. The overhead remains
constant because it mainly depends on the network size and not on the mobility.
RQ4. Which routing protocol has the highest packet delivery ratio for wireless ad-hoc network?
Ans. Network Size: AODV creates smaller overhead and hence causes fewer collisions even for larger
topologies thereby achieving better PDR.
Traffic Load: Excessive packets worsen the network conditions as the load increases and hence OLSR
performs worse than AODV. The performance of both protocols deteriorate as the load increases
Mobility: The protocol performs more or less similarly because the topology size remains constant.
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RQ5. Which routing protocol has the lowest packet loss for wireless ad-hoc network?
Ans. Network Size: The overhead of OLSR is small for smaller topologies, the significantly large routing
overhead of OLSR degrades performance, creating interference in the network and causing loss of
packets.
Traffic Load: Excessive packets worsen the network conditions as the load increases and hence OLSR
performs worse than AODV. Overall, the performance of both protocols deteriorates as the load
increases.
Mobility: Both protocols perform more or less similarly because the topology size remains constant and
hence, the number of routing packets remains more or less constant giving a constant and somewhat
stable performance for both protocols.

Page |52

Chapter 10
Appendix
Appendix-A
10.1.1: NS-2 installation
AODV routing protocol has been implemented as part of NS2. But OLSR has been implemented as a
patch and must be added to NS2. To add OLSR protocol to NS2 we can download patch from
http://sourceforge.net/projects/um-olsr/
and
follow
installing
instruction
from
http://masimum.inf.um.es/fjrm/development/um-olsr/.
1. After installing VMware, the first step in the installation of NS-2 is to download the file ns-allinone2.35.tar.gz from sourceforge http://sourceforge.net/projects/nsnam/ and save it into the folder.
2. Type “tar –ZVFX ns-allinone-2.35.tar.gz” to extract the ns-2 files. This file contains all the libraries
o
o
o
o
o
o
o
o
o
o
o

tk release 8.5.10
Tcl release 8.5.10
Tclcl release 1.20
Otcl release 1.14
Ns release 2.35
Nam release 1.15
Xgraph version 12.2
CWeb version 3.4g
SGB version 1.0
Gt-itm gt-itm and sgb2ns 1.1
Zlib version 1.2.3

3. The installation folder ns-2.35 contains the installation script which has to be installed.
o cd ns-allinone-2.35
o ./install
4) When the installation complete add the following patch into the file “.bashrc”
NSHOME=~/ns-allinone-2.35
OTCL_LIB=$ (NS HOME)/ otcl-1.14
NS2_LIB=$ (NSHOME 10 / library
Export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:$OTCL_LIB:$NS2_LIB
Export TCL_LIBRARY=$ (NSHOME)/tcl 8.5.10 / library
PATH=$PATH: $ (NSHOME)/ ns-2.35: $ (NSHOME)/ nam-1.15
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5. Test whether NS-2 directory should be added to the $PATH variable
o Test by executing “ echo $PATH”
6. To verify the installation type ns

10.1.2: OLSR patch to NS-2
1. OLSR has been implemented as a patch and must be added to NS2.
2. To add OLSR protocol to NS2 we can download patch from
http://sourceforge.net/projects/um-olsr/ and follow installing instruction from
http://masimum.inf.um.es/fjrm/development/um-olsr/.
o cd ns-allinone-2.35/ns-2.35/
o tar zxvf um-olsr-0.8.8.tgz
o ln –s ./um-olsr-0.8.8 ./olsr
o patch –p1 < olsr/ um-olsr_ns-2.35_v0.8.8.patch
3. If you are installing UM-OLSR on a running installation of ns-2:
o ./configure
o Make distclean
o ./configure
o Make
By the above steps one can be sure of installing olsr in ns-2
4. One can check it by running the examples, folders that are present in ns-2.35
Example: genericscript.tcl

Appendix-B
1. Excerpts from Simulation implementation

10.2.1: LoadVariation.sh
###################################################################
awk 'BEGIN {printf "" > "results"}'
KB="1024"
Protocol="AODV"
StopTime="200"
TopType="A"
Nodes="50"
counter="1"
multiple="200"
while [ $counter -le 4 ]
do
Topology="/home/jani/AODV-OLSR/Scenarios/"$Nodes"Node-pause5-speed1-700-700-"$TopType
DataRate=$[$counter*$multiple] # specify the data rate of one source in KBps
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DataRate=$[$DataRate * $KB] # x 8 to convert into bits
# Generate the five sources and destinations
src1="0" src2="1" src3="2" src4="3" src5="4"
dst1=$[$Nodes-1] dst2=$[$Nodes-2] dst3=$[$Nodes-3]
dst4=$[$Nodes-4] dst5=$[$Nodes-5]
initialTime="20"
TimeDuration=$[$StopTime-$initialTime] # subtract starting time
ns GenericScript.tcl $Nodes $Protocol $StopTime $Topology $DataRate
printf "$Protocol-$DataRate" >> "results"
printf "\n" >> "results"
awk -f PDR.awk duration=$TimeDuration traceFile.tr
awk -f PacketLoss.awk duration=$TimeDuration traceFile.tr
awk -f Throughput.awk duration=$TimeDuration traceFile.tr
awk -f Delay.awk s1=$src1 s2=$src2 s3=$src3 s4=$src4 s5=$src5 d1=$dst1 d2=$dst2 d3=$dst3
d4=$dst4
d5=$dst5 traceFile.tr
awk -f RtOverhead.awk traceFile.tr
counter=$[$counter+1]
done
cp results results-$Protocol-$DataRate
###################################################""

10.2.2:MobVaration.sh
awk ‘BEGIN {printf "" > "results"}'
KB="1024"
Protocol="AODV"
StopTime="200"
Nodes="50"
counter="1"
mobility="1"
while [ $counter -le 3 ]
do
if [ $counter == "1" ]; then mobility="5"
fi
if [ $counter == "2" ]; then mobility="10"
fi
if [ $counter == "3" ]; then mobility="15"
fi
Topology="/home/jani/AODV-OLSR/Scenarios/"$Nodes"Node-pause"$mobility"-speed1-700-700"
DataRate="500" # specify the data rate of one source in KBps
DataRate=$[$DataRate * $KB] # x 8 to convert into bits
#Generate the five sources and destinations
src1="0" src2="1" src3="2" src4="3" src5="4"
dst1=$[$Nodes-1] dst2=$[$Nodes-2] dst3=$[$Nodes-3]
dst4=$[$Nodes-4] dst5=$[$Nodes-5]
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initialTime="20"
TimeDuration=$[$StopTime-$initialTime] # subtract starting time
ns GenericScript.tcl $Nodes $Protocol $StopTime $Topology $DataRate
printf "$Protocol-$Nodes-pause$mobility" >> "results"
printf "\n" >> "results"
awk -f PDR.awk duration=$TimeDuration traceFile.tr
awk -f PacketLoss.awk duration=$TimeDuration traceFile.tr
awk -f Throughput.awk duration=$TimeDuration traceFile.tr
awk -f Delay.awk s1=$src1 s2=$src2 s3=$src3 s4=$src4 s5=$src5 d1=$dst1 d2=$dst2 d3=$dst3
d4=$dst4 d5=$dst5 traceFile.tr
awk -f RtOverhead.awk traceFile.tr
counter=$[$counter+1]
done
cp results results-$Protocol-$mobility
###################################################""

10.2.3: NWSizeVaration.sh
###################################################################
awk 'BEGIN {printf "" > "results"}'
KB="1024"
Protocol="AODV"
StopTime="200"
TopType="A"
counter="1"
multiple="25"
while [ $counter -le 4 ]
do
Nodes=$[$counter*$multiple] # total nodes
Topology="/home/jani/AODV-OLSR/Scenarios/"$Nodes"Node-pause5-speed1-700-700-"$TopType
DataRate="500" # specify the data rate of one source in KBps
DataRate=$[$DataRate * $KB] # x 8 to convert into bits
# Generate the five sources and destinations
src1="0" src2="1" src3="2" src4="3" src5="4"
dst1=$[$Nodes-1] dst2=$[$Nodes-2] dst3=$[$Nodes-3]
dst4=$[$Nodes-4] dst5=$[$Nodes-5]
InitialTime="20"
TimeDuration=$[$StopTime-$initialTime] # subtract starting time
ns GenericScript.tcl $Nodes $Protocol $StopTime $Topology $DataRate
printf "$Protocol-$Nodes-$TopType" >> "results"
printf "\n" >> "results"
awk -f PDR.awk duration=$TimeDuration traceFile.tr
awk -f PacketLoss.awk duration=$TimeDuration traceFile.tr
awk -f Throughput.awk duration=$TimeDuration traceFile.tr
awk -f Delay.awk s1=$src1 s2=$src2 s3=$src3 s4=$src4 s5=$src5 d1=$dst1 d2=$dst2 d3=$dst3
d4=$dst4
d5=$dst5 traceFile.tr
awk -f RtOverhead.awk traceFile.tr
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counter=$[$counter+1]
done
cp results results-$Protocol-$TopType
###################################################""

10.2.4: Generic Script:
# Simulation Script File With Simulation Parameters #
############################ MAC parameters #####################
#Mac/802_11 set RTSThreshold_ 3000
Mac/802_11 set dataRate_ 11Mb
Mac/802_11 set basicRate_ 1Mb
Mac/802_11 set CWMin_
31
Mac/802_11 set CWMax_
1023
Mac/802_11 set SlotTime_
0.000020; # 20us
Mac/802_11 set SIFS_
0.000010; # 10us
Mac/802_11 set PreambleLength_
144
; # 144 bit
Mac/802_11 set ShortPreambleLength_ 72
; # 72 bit
Mac/802_11 set PreambleDataRate_ 1.0e6 ; # 1Mbps
Mac/802_11 set PLCPHeaderLength_ 48
; # 48 bits
Mac/802_11 set PLCPDataRate_
1.0e6 ; # 1Mbps
Mac/802_11 set ShortPLCPDataRate_ 2.0e6 ; # 2Mbps
Mac/802_11 set RTSThreshold_
3000 ; # bytes
Mac/802_11 set ShortRetryLimit_
7
; # retransmissions
Mac/802_11 set LongRetryLimit_
4
; # retransmissions
Mac/802_11 set newchipset_
false ; # use new chipset,
Mac/802_11 set SlotTime_ 0.000020
Mac/802_11 set SIFS_ 0.000010
Mac/802_11 set PreambleLength_ 144
Mac/802_11 set PLCPHeaderLength_ 48
Mac/802_11 set PLCPDataRate_ 1.0e6
Mac/802_11 set aarf_ false
########################################################################
Antenna/OmniAntenna set Gt_
Antenna/OmniAntenna set Gr_

1
1

Phy/WirelessPhy set bandwidth_ 11Mb
Phy/WirelessPhy set freq_ 9.14e+08

;# transmitter antenna gain
;# receiver antenna gain
;

Phy/WirelessPhy set Pt_ 0.281838
#Phy/WirelessPhy set RXThresh_ 6.0908e-10
Phy/WirelessPhy set RXThresh_ 4.65262e-10
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########################################################################

set val(chan) Channel/WirelessChannel ;# Channel type
set val(netif) Phy/WirelessPhy
# network interface
set val(ifq) Queue/DropTail/PriQueue ; # Queue type
#set val(ifq) Queue/DTail/PriQ
#set val(ifq) CMUPriQueue
;# Queue type
set val(ll) LL
;
# Link layer
set val(ant) Antenna/OmniAntenna
;# Antenna type
set val(ifqlen) 500
;
# Interface Q len
set val(mac) Mac/802_11
;
# MAC
#set val(nn)
25
;
# no. of nodes
#set val(rp)
AODV
;
# routing protocol
set val(x)
700
set val(y)
700
#set val(stop) 150.1
;# stop time
set val(prop) Propagation/TwoRayGround
#######################################################################
###
Update Parameters from Simulation.sh File
###
set val(nn)
set val(rp)
set val(stop)
set sc
set val(rate)

[lindex $argv 0];
[lindex $argv 1];
[lindex $argv 2];
[lindex $argv 3];
[lindex $argv 4];

puts "nn is $val(nn)"
#######################################################################
set ns_ [new Simulator]
set tracefd [open traceFile.tr w]
set namtrace [open simwrls.nam w]
$ns_ use-newtrace
$ns_ trace-all $tracefd
$ns_ namtrace-all-wireless $namtrace $val(x) $val(y)
set topo [new Topography]
$topo load_flatgrid $val(x) $val(y)
set god_ [create-god $val(nn)]
##############################################################
##
Configuring the nodes
$ns_ node-config -adhocRouting $val (rp) \
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-llType $val(ll) \
-macType $val(mac) \
-ifqType $val(ifq) \
-ifqLen $val(ifqlen) \
-antType $val(ant) \
-propType $val(prop) \
-phyType $val(netif) \
-channelType $val(chan) \
-topoInstance $topo \
-agentTrace ON \
-routerTrace ON \
-macTrace OFF \
-movementTrace OFF \
for {set i 0} {$i < $val(nn)} {incr i} {
set node_($i) [$ns_ node]
}
# ************* STOP Procedure ******************************
proc stop {} {
global ns_ tracefd namtrace
$ns_ flush-trace
close $tracefd
close $namtrace
exit 0
}
# *************************************************************
############################################################
set up connections
#$ns_ node-config -adhocRouting OLSR
for {set j 0} {$j < 5} {incr j} {
set udp($j) [new Agent/UDP]
$udp($j) set fid_ $j
set udpsink($j) [new Agent/Null]
}
for {set j 0} {$j < 5} {incr j} {
$ns_ attach-agent $node_($j) $udp($j)
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}
set index [expr {$val(nn)-1}]
for {set j 0} {$j < 5} {incr j} {
$ns_ attach-agent $node_($index) $udpsink($j)
set index [expr {$index-1}]
}
for {set j 0} {$j < 5} {incr j} {
$ns_ connect $udp($j) $udpsink($j)
}
for {set j 0} {$j < 5} {incr j} {
set cbr($j) [new Application/Traffic/CBR]
$cbr($j) attach-agent $udp($j)
$cbr($j) set packet_size_ 1500B
$cbr($j) set rate_ $val(rate)
}
#####################################################################################
####
Start and Stop Timings of the connections
$ns_ at 20 "$cbr(0) start"
$ns_ at 20.1 "$cbr(1) start"
$ns_ at 20.2 "$cbr(2) start"
$ns_ at 20.3 "$cbr(3) start"
$ns_ at 20.4 "$cbr(4) start"
$ns_ at $val(stop)
$ns_ at $val(stop)
$ns_ at $val(stop)
$ns_ at $val(stop)
$ns_ at $val(stop)

"$cbr(0) stop"
"$cbr(1) stop"
"$cbr(2) stop"
"$cbr(3) stop"
"$cbr(4) stop"

#####################################################################################
###########
puts "Loading mobility pattern....."
source $sc
##########################################################################

##

defining initial node positions for NAM
for {set i 0} {$i < $val(nn)} {incr i} {

Page |60

$ns_ initial_node_pos $node_($i) 40
}
########################################################################
##

telling nodes when the simulation ends

for {set i 0} {$i < $val(nn)} {incr i} {
$ns_ at $val(stop) "$node_($i) reset"
}
########################################################################
##

Ending NAM and the simulation

$ns_ at $val(stop) "stop"
$ns_ at [expr $val(stop)+0.001] "puts \"Simulation ends \" ; $ns_ halt"
#######################################################################
$ns_ run
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Results in the Form of Tables

AODV – Varying Network Size
Load

PDR

Packet Loss

Throughput

Delay

Overhead

0

0

0

0

0

0

25

30

70

764

1466

764

50

74

26

1842

976

1842

75

85

15

2062

502

2062

100

94

6

2285

329

2285

AODV – Varying Traffic Load Results
Load (Mbps)

PDR

Packet Loss

Throughput

Delay

Overhead

0

0

0

0

0

0

1

99

1

967

11

30

2

92

8

1803

387

45

3

60

40

1835

1097

60

4

44

56

1800

1420

70
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AODV – Varying Mobility (Pause Time)
Pause Time

PDR

Packet Loss

Throughput

Delay

Overhead

5

77

23

1886

821

164

10

85

15

2089

297

120

15

64

36

1568

753

521

OLSR – Varying Network Size
Load

PDR

Packet Loss

Throughput

Delay

Overhead

0

0

0

0

0

0

25

43

57

1064

1597

484

50

56

44

1364

856

1727

75

68

32

1649

955

3273

100

80

20

1967

1191

5407

OLSR – Varying Traffic Load Results
Load (Mbps)

PDR

Packet Loss

Throughput

Delay

Overhead

0

0

0

0

0

0

1

98

2

953

46

1536

2

71

29

1392

580

1695

3

49

60

1192

1125

1769

4

35

65

1400

1344

1745
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OLSR – Varying Mobility (Pause Time)
Pause Time

PDR

Packet Loss

Throughput

Delay

Overhead

5

79

21

1918

597

1678

10

77

23

1889

581

1445

15

68

32

1665

610

1821
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