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Abstract

The recent advancements in the field of the wireless networks lead to the development of the
short-lived networks formally known as Mobile Adhoc Networks. Mobile Adhoc Networks are
the networks that basically consist of mobile nodes connected to each other through the wireless
links. In this each mobile node plays the dual role of acting both as a router and the host in order
to forward, send and receive packets to the other node. The mobile nodes are free to move
anywhere and organize themselves into the network when they come in the range of each other.

To forward the packets in the mobile adhoc network the routing protocol is needed.

The routing protocol in Mobile Adhoc Networks is classified into two classes: the table driven

routing protocols and on demand driven protocols.

In this thesis work an attempt has been made to study, understand the behavior of the existing
protocols and to analyze the difference between the two frequent used reactive protocols DSR
and AODV in terms of packet losses and packets received by varying the simulation time and
finding out with the help of simulation analysis carried out in the ns-2 simulator that which one

out of two performs better when the mobile adhoc network has to be formed.

The results presented in this thesis work help us to choose one protocol out of two when the

mobile adhoc network has to be set up for the small amount of time.
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Chapter 1

Introduction

1.1. Introduction

Wireless networks refer to those networks that make use of radio waves or microwaves in order
to establish communication between the devices. The wireless network offers certain advantages

over the wired networks that are as follows:

» Setting up a wireless system is easy and fast and it eliminates the need for pulling out the
cables through walls and ceilings.

» Wireless networks can be extended to the places that cannot be wired.

» Wireless networks offer more flexibility and adapt easily to changes in the configuration

of the network.

Wireless networks can be classified in two types: Infrastructure network and Infrastructure less

(ad hoc) networks. These are defined as follows:
1.1.1. Infrastructure networks

In the infrastructure-based network, communication typically takes place only between the
wireless nodes and the access point, but not directly between the wireless nodes. The access
point does not just control medium access, but also acts as a bridge to other to wireless or wired
networks. The base stations are fixed as the node goes out of the range of a base station; it gets

into the range of another base station. The cellular networks are infrastructure-based network.
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Figure 1.1: An Infrastructure Network [1]



1.1.2. Infrastructure less networks

Ad-hoc wireless network do not need any infrastructure to work .Each node can communicate
directly with other node so no access point controlling medium access is necessary.
Infrastructure less networks, do not have fixed routers all the nodes in the network need to act as
routers and all nodes are capable of movement and can be connected dynamically in an arbitrary
manner. Mobile Ad hoc Networks (MANET) are example of infrastructure less network. In the

ad hoc network shown in Figure 1.2, node A can communicate with node D via nodes B and C, and vice

versa.

Figure 1.2: An Infrastructure less Network [2]
1.2. Mobile Adhoc Network

Mobile Adhoc Network (MANET) refers to a form of infrastructure less network connecting
mobile devices with wireless communication capability. Each node behaves as a router as well as
an end host, so that the connection between any two nodes is a multi-hop path supported by other
nodes [3]. MANET represents a system of wireless mobile nodes that can freely and dynamically
self-organize in to arbitrary and temporary network topologies, allowing people and devices to
communicate without any pre-existing communication architecture. Each node in the network
also acts as a router, forwarding data packets for other nodes. They communicate directly with
devices inside their radio range in a peer-to-peer nature. If they wish to communicate with a

device outside their range, they can use an intermediate device or devices within their radio



range to relay or forward communications to the device outside their range. An ad hoc network is

self-organizing and adaptive [4].

We quote the definition of a mobile ad hoc network from the charter of the corresponding
Internet Engineering Task Force (IETF) “A ‘mobile ad hoc network’ (MANET) is an
autonomous system of mobile routers (and associated hosts) connected by wireless links-the
union of which forms an arbitrary graph. The routers are free to move randomly and organize
themselves arbitrarily; thus, the network's wireless topology may change rapidly and
unpredictably. Such a network may operate in a standalone fashion, or may be connected to the

larger Internet"[5].

The presence of wireless communication and mobility make an adhoc network unlike a
traditional wired network, and requires the routing protocols used in ad hoc network based on
new and different principles. Routing in ad hoc environment is one of the important issues of
the most challenging and interesting research areas in MANET. Since mobile ad hoc network
change their topology frequently, routing in such network is a challenging task. Generally, the
main function of routing in a network is to detect and maintain the optimal route to send data
packets between source and destination via intermediate nodes. A MANET is a peer-to-peer
network that allows direct communication between any two nodes, when adequate radio
propagation conditions exist between these two nodes. If there is no direct link between the
source and the destination nodes, multi-hop routing is used. In multi-hop routing, a packet is

forwarded from one node to another, until it reaches the destination.
1.2.1. MANET Characteristics [5]

» Autonomous and infrastructure less-MANET is self-organized and independent of any
established infrastructure and centralized network administration. Each node runs as a

router and operates in distributed manner.

» Multihop routing- As there is no dedicated router, every node functions as a router and
aids in forwarding each others’ packets to intended destination. Hence, information

sharing among mobile nodes is made available.



» Dynamic network topology- Since MANET nodes move randomly in the network, the
topology of MANET changes frequently, leading to regular route changes, network

partitions, and possibly packet losses.

» Variation on link and node capabilities- Each participating node may be equipped with
different type of radio devices that have varying transmission and receiving capabilities,
and possibly operate on multiple frequency bands Asymmetric links might be resulted
due to this heterogeneity in the radio capabilities. Additionally, different software or
hardware configuration might result in variability in processing capabilities. Thus,
designing and standardization of MANET protocols and algorithms for this

heterogeneous network are complicated as dynamic adaptation is required.

» Energy-constrained operation- The processing power of node is restricted because the
batteries carried by portable mobile devices have limited power supply. As a result, the
services and applications that can be supported by each node are limited. Network
protocols must be developed to be power-aware since each node is functioning as both an

end system and a router.

> Network scalability- Many MANET applications may involve large networks with tens
of thousands of nodes especially that can be found in tactical networks. Scalability is

crucial to the successful deployment of MANET.

1.2.2 MANET Applications [5]

There are many applications of MANET:

> Military battlefield-The modern digital battlefield demands robust and reliable
communication in many forms. Most communication devices are installed in mobile
vehicles, tank, trucks etc. Also soldiers could carry telecomm devices that could talk to a
wireless base stationer directly to other telecom devices if they are within the radio range.
However these forms of communication are considered to be primitive. At times when
wireless base station is destroyed by enemy, a soldier will be prohibited from
communicating with other soldier if the called party is not within the radio range. This is
the scenario where mobile ad hoc networks come into play. Adhoc networks are well

known as self organizing networks since they are robust when nodes disappear due to

4



destruction or mobility. Through multi-hop communication, soldiers can communicate to

remote soldiers via data hoping and data forwarding from one radio device to another.

Sensor Networks-Another application of MANETS is sensor networks. This technology
is a network composed of a very large number of small sensors. These can be used to
detect any number of properties of an area. Examples include temperature, pressure,
toxins, pollutions, etc. Applications are the measurement of ground humidity for
agriculture, forecast of earthquakes. The capabilities of each sensor are very limited, and
each must rely on others in order to forward data to a central computer. Individual
sensors are limited in their computing capability and are prone to failure and loss. Mobile

adhoc sensor networks could be the key to future homeland security.

Automotive Applications-Automotive networks are widely discussed currently. Cars
should be enabled to talk to the road, to traffic lights, and to each other, forming ad-hoc
networks of various sizes. The network will provide the drivers with information about
road conditions, congestions, and accident-ahead warnings, helping to optimize traffic

flow.

Commercial sector-Ad hoc can be used in emergency/rescue operations for disaster
relief efforts, e.g. in fire, flood, or earthquake. Emergency rescue operations must take
place where non-existing or damaged communications infrastructure and rapid
deployment of a communication network is needed. Information is relayed from one
rescue team member to another over a small handheld. Other commercial scenarios

include e.g. ship-to-ship ad hoc mobile communication, law enforcement, etc.

Personal Area Network-Personal Area Networks (PANs) are formed between various
mobile (and immobile) devices mainly in an ad-hoc manner, e.g. for creating a home
network. They can remain an autonomous network, interconnecting various devices, at
home, for example, but PANs will become more meaningful when connected to a larger
network. In this case PANs can be seen as an extension of the telecom network or
Internet. Closely related to this is the concept of ubiquitous / pervasive computing where
people, noticeable or transparently will be in close and dynamic interaction with devices

in their surroundings.



1.3. Motivation

A wireless network is a growing new technology that will allow users to access services and
information electronically, irrespective of their geographic position. Wireless Networks are
classified in two classes - infrastructure network and infrastructure less (ad hoc) networks. On
the other hand the adhoc networks work without any pre-existing infrastructure. They are easy to
deploy and set up at any place and time, hence it decreased the dependence of the infrastructure.
Routing is the integral part of any kind of the network as it not only exchanges the data but also
the control information in the form of packets with its respective connected nodes in its range.
There are varieties of routing protocols available in the area of the mobile adhoc networks.
Witnessing and simulating their behavior by varying different parameters for improving the

performance of the adhoc network is the motivation for the chosen of the topic.
1.4. Thesis Outline

The thesis consists of 6 chapters which are organized as follows:

In Chapter 1 describes the introduction of wireless networks and mobile ad hoc network
characteristics and its application, motivation and thesis outline, Chapter 2 explains the concept
of routing protocols of MANET including the detailed description of AODV and DSR protocols,
Chapter 3 covers the problem statement, Chapter 4 describes the simulation model, Chapter 5
discusses the results of DSR and AODV protocols on varying simulation time and Chapter 6

describes conclusion with fixed parameters and feature scope.



Chapter 2

Literature Review

2.1. Routing

Routing is a process of determining a path between source and destination upon request of data
transmission during this process, at least one intermediate node within the internetwork is
encounter. This concept is not new to computer science since routing was used in the networks in
early 1970’s. But this concept has achieved popularity from the mid- 1980°s. The major reason
for this is because the earlier networks were very simple and homogeneous environments; but,
now high end and large scale internetworking has become popular with the latest advancements
in the networks and telecommunication technology. The routing protocol has two main functions,
selection of routes for various source-destination pairs and the delivery of messages to their correct

destination. The second function is conceptually straightforward using a variety of protocols and data

structures.

Routing protocols use metrics to evaluate what path will be the best for a packet to travel. A
metric is a standard of measurement; such as path bandwidth, reliability, delay, current load on
that path etc; that is used by routing algorithms to determine the optimal path to a destination. To
aid the process of path determination, routing algorithms initialize and maintain routing tables,
which contain route information. Route information varies depending on the routing algorithm

used.

Routing algorithms fill routing tables with a variety of information. Mainly Destination/Next hop
associations tell a router that a particular destination can be reached optimally by sending the
packet to a particular node representing the "next hop" on the way to the final destination. When
a router receives an incoming packet, it checks the destination address and attempts to associate
this address with a next hop. Some of the routing algorithm allows a router to have multiple
“next hop” for a single destination depending upon best with regard to different metrics. For
example, let’s say router R2 is be best next hop for destination “D”, if path length is considered
as the metric; while Router R3 is the best for the same destination if delay is considered as the

metric for making the routing decision[6].
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Figure 2.1: Routing in a Network [6]

Figure 2.1 shows a small part of a network where packet destined for node “D”, arrives at router
R1, and based on the path metric i.e. the shortest path to destination is forwarded to router R2
which forward it to the final destination. Routing tables also can contain other information, such
as data about the desirability of a path. Routers compare metrics to determine optimal routes, and
these metrics differ depending on the design of the routing algorithm used. Routers communicate
with one another and maintain their routing tables through the transmission of a variety of
messages. The routing update message is one such message that generally consists of all or a
portion of a routing table. By analyzing routing updates from all other routers, a router can build

a detailed picture of network topology.

Routing is mainly classified into static routing and dynamic routing. Static routing refers to the
routing strategy being stated manually or statically, in the router. Static routing maintains a
routing table usually written by a networks administrator. The routing table doesn’t depend on
the state of the network status, i.e., whether the destination is active or not. Dynamic routing
refers to the routing strategy that is being learnt by an interior or exterior routing protocol. This
routing mainly depends on the state of the network i.e., the routing table is affected by the
activeness of the destination [7]. The major disadvantage with static routing is that if a new
router is added or removed in the network then it is the responsibility of the administrator to
make the necessary changes in the routing tables. But this is not the case with dynamic routing as
each router announces its presence by flooding the information packet in the network so that
every router within the network learn about the newly added or removed router and its entries.

Similarly this is the same with the network segments in the dynamic routing [8].



2.1.1. Conventional protocols

If a routing protocol is needed, why not use a conventional routing protocol like link state or
distance vector? They are well tested and most computer communications people are familiar
with them. The main problem with link-state and distance vector is that they are designed for a
static topology, which means that they would have problems to converge to a steady state in an

ad-hoc network with a very frequently changing topology.

Link state and distance vector would probably work very well in an ad-hoc network with low
mobility, i.e. a network where the topology is not changing very often. The problem that still
remains is that link-state and distance-vector are highly dependent on periodic control messages.
As the number of network nodes can be large, the potential number of destinations is also large.
This requires large and frequent exchange of data among the network nodes. This is in
contradiction with the fact that all updates in a wireless interconnected ad hoc network are
transmitted over the air and thus are costly in resources such as bandwidth, battery power and
CPU. Because both link-state and distance vector tries to maintain routes to all reachable
destinations, it is necessary to maintain these routes and this also wastes resources for the same
reason as above. Another characteristic for conventional protocols are that they assume bi-
directional links, e.g. that the transmission between two hosts works equally well in both
directions. In the wireless radio environment this is not always the case. Because many of the
proposed ad-hoc routing protocols have a traditional routing protocol as underlying algorithm, it
is necessary to understand the basic operation for conventional protocols like distance vector,

link state and source routing.
2.1.2. Link State

In link-state routing [9], each node maintains a view of the complete topology with a cost for
each link. To keep these costs consistent; each node periodically broadcasts the link costs of its
outgoing links to all other nodes using flooding. As each node receives this information, it
updates its view of the network and applies a shortest path algorithm to choose the next-hop for
each destination. Some link costs in a node view can be incorrect because of long propagation

delays, partitioned networks, etc. Such inconsistent network topology views can lead to



formation of routing-loops. These loops are however short-lived, because they disappear in the

time it takes a message to traverse the diameter of the network.
2.1.3. Distance Vector

In distance vector [9] each node only monitors the cost of its outgoing links, but instead of
broadcasting this information to all nodes; it periodically broadcasts to each of its neighbors an
estimate of the shortest distance to every other node in the network. The receiving nodes then use
this information to recalculate the routing tables, by using a shortest path algorithm. Compared
to link-state, distance vector is more computation efficient, easier to implement and requires
much less storage space. However, it is well known that distance vector can cause the formation
of both short-lived and long-lived routing loops. The primary cause for this is that the nodes

choose their next-hops in a completely distributed manner based on information that can be stale.
2.1.4. Source Routing

Source routing [9] means that each packet must carry the complete path that the packet should
take through the network. The routing decision is therefore made at the source. The advantage
with this approach is that it is very easy to avoid routing loops. The disadvantage is that each

packet requires a slight overhead.
2.1.5. Flooding

Many routing protocols uses broadcast to distribute control information, that is, send the control
information from an origin node to all other nodes. A widely used form of broadcasting is
flooding [9] and operates as follows. The origin node sends its information to its neighbors (in
the wireless case, this means all nodes that are within transmitter range). The neighbors relay it
to their neighbors and so on, until the packet has reached all nodes in the network. A node will
only relay a packet once and to ensure this some sort of sequence number can be used. This

sequence number is increased for each new packet a node sends.
2.2. Routing in Mobile Ad hoc Networks

Routing in MANETsS is difficult since mobility causes frequent network topology changes and

requires more robust and flexible mechanisms to search for and maintain routes. When the
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network nodes move, the established paths may break and the routing protocols must
dynamically search for other feasible routes. With a changing topology, even maintaining
connectivity is very difficult. In addition, keeping the routes loop free is more difficult when the
hosts move. Besides handling the topology changes, routing protocols in MANETs must deal
with other constraints, such as low bandwidth, limited energy consumption, and high error rates,
all of which may be inherent in the wireless environment. Furthermore, the possibility of
asymmetric links, caused by different power levels among mobile hosts and other factors such as

terrain conditions, make routing protocols more complicated.
2.3. Problems with routing in Mobile Ad-hoc Networks

» Asymmetric links: Most of the wired networks rely on the symmetric links which are
always fixed. But this is not a case with ad-hoc networks as the nodes are mobile and
constantly changing their position within network. For example consider a MANET
where node B sends a signal to node A but this does not tell anything about the quality of

the connection in the reverse direction [10].

> Routing Overhead: In wireless ad hoc networks, nodes often change their location
within network. So, some stale routes are generated in the routing table which leads to

unnecessary routing overhead.

> Interference: This is the major problem with mobile ad-hoc networks as links come and
go depending on the transmission characteristics, one transmission might interfere with
another one and node might overhear transmissions of other nodes and can corrupt the

total transmission.

» Dynamic Topology: This is also the major problem with ad-hoc routing since the
topology is not constant. The mobile node might move or medium characteristics might
change. In ad-hoc networks, routing tables must somehow reflect these changes in
topology and routing algorithms have to be adapted. For example in a fixed network
routing table updating takes place for every 30sec [10]. This updating frequency might be

very low for ad-hoc networks.
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2.4. Classification of routing Protocols in MANET

These protocols can be divided into three categories proactive, reactive and hybrid. Proactive
protocols maintain routes to all nodes, including nodes to which no packets are sent. In reactive
protocols, routes between hosts are determined only when they are explicitly needed to forward
packets. Hybrid methods combine proactive and reactive methods to find efficient routes,

without much control overhead.
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Figure 2.2: Classification of Routing Protocols in MANET
2.5. Proactive Protocols (Table Driven Routing protocols)

The proactive protocols are maintained the routing information even before it is needed [11].
Each and every node in the network maintains routing information to every other node in the
network. Routes information is generally kept in the routing tables and is periodically updated as
the network topology changes. Many of these routing protocols come from the link-state routing
[12]. There exist some differences between the protocols that come under this category
depending on the routing information being updated in each routing table. The different types of

Table driven protocols are:
2.5.1. DSDV

The Destination-Sequenced Distance-Vector (DSDV) Routing Algorithm is based on Bellman-

Ford Routing Algorithm [13] with certain improvements. This protocol adds a new attribute,
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sequence number, to each route table entry at each node. Routing table is maintained at each

node and with this table; node transmits the packets to other nodes in the network.

The routing table updates can be sent in two ways: a full dump [14] or an incremental update. A
full dump sends the full routing table to the neighbors and could span many packets whereas in
an incremental update only those entries from the routing table are sent that has a metric change
since the last update and it must fit in a packet. If there is space in the incremental update packet
then those entries may be included whose sequence number has changed. When the network is
relatively stable, incremental updates are sent to avoid extra traffic and full dump are relatively
infrequent. In a fast changing network, incremental packets can grow big so full dumps will be

more frequent.
2.5.2. WRP

The Wireless Routing Protocol (WRP) is based on Distributed Bellman-Ford algorithm [15]. It
substantially reduces the number of cases in which routing loop can occur. It utilizes
information regarding the length and second-to-last hop of the shortest path to each destination.

WRP requires each node to maintain four routing tables.

» Distance table

» Routing table

» Link cost table

» Message retransmission list (MRL) table

Each entry of the MRL contains the sequence number of the update message, a retransmission
counter, an acknowledgment-required flag vector with one entry per neighbor, and a list of
updates sent in the update message. The MRL records which updates in an update message need

to be retransmitted and which neighbors should acknowledge the retransmission.

Nodes learn of the existence of their neighbors from the receipt of acknowledgments and other
messages. If a node is not sending messages, it must send a hello message within a specified time
period to ensure connectivity. Otherwise, the lack of messages from the node indicates the failure

of that link; this may cause a false alarm. When a mobile receives a hello message from a new
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node, that new node is added to the mobile’s routing table, and the mobile sends the new node a

copy of its routing table information.
2.5.3 OLSR

The Optimized link state routing (OLSR) protocol [16] is a proactive routing protocol and based
on periodic exchange of topology information. The key concept of OLSR is the use of multipoint
relay (MPR) to provide an efficient flooding mechanism by reducing the number of
transmissions required. In OLSR, each node selects its own MPR from its neighbors. Each MPR
node maintains the list of nodes that were selected as an MPR; this list is called an MPR selector
list. Only nodes selected as MPR nodes are responsible for advertising, as well as forwarding an
MPR selector list advertised by other MPRs. Generally, two types of routing messages are used
in the OLSR protocol, namely, a HELLO message and a topology control (TC) message. A

HELLO message is the message that is used for neighbor sensing and MPR selection.

In OLSR, each node generates a HELLO message periodically. A node’s HELLO message
contains its own address and the list of its one-hop neighbors. By exchanging HELLO messages,
each node can learn a complete topology up to two hops. HELLO messages are exchanged
locally by neighbor nodes and are not forwarded further to other nodes. A TC message is the
message that is used for route calculation. A TC message contains the list of the sender’s MPR
selector. In OLSR, only MPR nodes are responsible for forwarding TC messages. For MPR

selection, each node selects a set of its MPR nodes that can forward its routing messages.

2.6. Reactive Protocols (On-Demand Routing Protocols)

The reactive protocols don’t maintain routing information or routing activity at the network
nodes if there is no communication. If a node wants to send a packet to another node then this
protocol searches for the route in an on-demand manner and establishes the connection in order
to transmit and receive the packet [17]. These protocols were designed to reduce the overhead
encountered in proactive protocols by maintaining information for active routes only. This means
that the routes are determined and maintained for the nodes that are required to send data to a
particular destination. The route discovery usually occurs by flooding the route request packets

throughout the network. The different types of Table driven protocols are:
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2.6.1. DSR

The Dynamic Source Routing is use of source routing. That is, the sender knows the complete
hop-by-hop route to the destination. These routes are stored in a route cache [18]. The data
packets carry the source route in the packet header. When a node in the ad hoc network attempts
to send a data packet to a destination for which it does not already know the route, it uses a route
discovery process to dynamically determine such a route. Route discovery works by flooding the
network with route request (RREQ) packets. Each node receiving an RREQ rebroadcasts it,
unless it is the destination or it has a route to the destination in its route cache. Such a node
replies to the RREQ with a route reply (RREP) packet that is routed back to the original source.
RREQ and RREP packets are also source routed. The RREQ builds up the path traversed across
the network. The RREP routes itself back to the source by traversing this path backward. If any
link on a source route is broken, the source node is notified using a route error (RERR) packet.
The source removes any route using this link from its cache. A new route discovery process must
be initiated by the source if this route is still needed. DSR makes very aggressive use of source

routing and route caching.
2.6.2. AODV

The Ad hoc On-demand Distance Vector (AODV) routing protocol is based on DSDV and DSR
algorithm [19]. It uses the periodic beaconing and sequence numbering procedure of DSDV and
a similar route discovery procedure as in DSR. However, there are two major differences
between DSR and AODV. The most distinguishing difference is that in DSR each packet carries
full routing information, whereas in AODV the packets carry the destination address. This means
that AODV has potentially less routing overheads than DSR. The other difference is that the
route replies in DSR carry the address of every node along the route, whereas in AODV the route
replies only carry the destination IP address and the sequence number. An important feature of
AODV is the maintenance of timer-based states in each node, regarding utilization of individual

routing table entries. A routing table entry is expired if not used recently.
2.6.3. TORA

The Temporally Ordered Routing Algorithm (TORA) is a highly adaptive loop-free distributed

routing algorithm based on the concept of link reversal [20]. TORA is proposed to operate in a
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highly dynamic mobile networking environment. It is source initiated and provides multiple
routes for any desired source/destination pair. The key design concept of TORA is the
localization of control messages to a very small set of nodes near the occurrence of a topological
change. To accomplish this, nodes need to maintain routing information about adjacent (one-
hop) nodes. The protocol performs three basic functions: route creation, route maintenance, and

route removal.
2.6.4. ABR

The Associatively Based Routing (ABR) protocol checks the association between nodes and
transfer the messages from sources to destinations. Association [21] is a concept that verifies the
wireless connection between two nodes that actually involve in the procedure of transferring the
packets. In ABR, a route is selected based on the degree of association stability of mobile nodes.
Each node periodically generates an inspiration to signify its existence. When received by
neighboring nodes, this inspiration causes their Associativity tables to be updated. Association
stability is defined by connection stability of one node with respect to another node over time
and space. A high degree of association stability may indicate a low state of node mobility, while
a low degree may indicate a high state of node mobility. The three phases of ABR are: Route

discovery, Route reconstruction and Route deletion.
2.7. Hybrid Protocols

Hybrid routing protocols are combination of reactive and proactive protocol. The hybrid

protocols are:

2.7.1. ZRP

Zone Routing Protocol (ZRP) [22], the nodes have a routing zone, which defines a range that
each node is required to maintain network connectivity proactively. Therefore, for nodes within
the routing zone, routes are immediately available. For nodes that lie outside the routing zone,
routes are determined on-demand and it can use any on-demand routing protocol to determine a
route to the required destination.ZRP divides its network in different zones. That's the nodes
local neighborhood. Each node may be within multiple overlapping zones, and each zone may be

of a different size. The size of a zone is not determined by geographical measurement. It is given
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by a radius of length, where the number of hops is the perimeter of the zone. Each node has its
own zone. The advantage of this protocol is that it has significantly reduced the amount of

communication overhead when compared to pure proactive protocols.

2.7.2. ZHLS

The Zone-Based Hierarchical Link State Protocol [23] is based on the GPS (Global Positioning
System). ZHLS is similar to the Zone Routing Protocol. It is a hybrid routing protocol acting
similar like ZRP. The protocol is proactive when the destination node is in the same zone as the
node which sent the request. On the other hand, the protocol is reactive when the destination
node isn't within the zone from the source node. But in ZHLS the network is divided in non
overlapping zones. Unlike other hierarchical protocol, there is no zone head. The zone size
depend on node mobility, network density, transmission power and propagation characteristics.
Each node only knows the connectivity within its zone and the zone connectivity of the whole
network. The node knows its position and zone ID because of the Global positioning system. It
can determine its zone ID by mapping its physical location to a zone map. This zone map has to

be worked out at the design stage.

2.8. Comparison of Proactive and Reactive routing protocols

The following Table 2.1 briefly compares the Proactive (Table -Driven) routing protocol

With Reactive (On-Demand) routing protocols.

Table 2.1: Comparison of Proactive and Reactive Routing Protocols

Proactive (Table Driven ) Reactive (On Demand )

Routing protocols Routing protocols

Proactive routing protocols are tried to | In Reactive routing protocols, a route is built

maintain routes to all possible destination. only when demand.

It maintain multiple routes that might never | Does not maintain unnecessary routes and
needed and adding un necessary routing | minimize to control overhead.

overhead.

First packet latency is less when compare with | First packet latency is more when compare

reactive routing protocols. with proactive routing protocols because routes
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need to be built.

Acquire large traffic and power consumption.

Does not acquire large traffic and power
consumption compare to proactive routing

protocols.

Higher overhead in maintaining rout

To all destinations.

Lower overhead of message and

Storage.

2.9. Detail Description of Adhoc on Demand Distance Vector Routing (AODYV)

AODV is an on-demand dynamic routing protocol (AODV) [24] that maintains routing tables

with one entry per destination. This is in difference to DSR, which can maintain multiple routes

cache entries for each destination. It is an on-demand and distance-vector routing protocol,

meaning that a route is established by AODV from a destination only on demand. Used for both

uncast and multicasts using the ’J’ (Join multicast group) flag in the packets [25]. AODV defines

three types of control messages for route maintenance:

> RREQ - A route request message is transmitted by a node requiring a route to a node. As

an optimization AODV uses an expanding ring technique when flooding these messages.
Every RREQ carries a time to live (TTL) value that states for how many hops this
message should be forwarded. This value is set to a predefined value at the first
transmission and increased at retransmissions. Retransmissions occur if no replies are

received.

RREP - A route reply message is unchaste back to the creator of a RREQ if the receiver
is either the node using the requested address, or it has a valid route to the requested
address. The reason one can uncast the message back, is that every route forwarding a

RREQ caches a route back to the originator.

RERR - Nodes monitor the link status of next hops in active routes. When a link
breakage in an active route is detected, a RERR message is used to notify other nodes of
the loss of the link. In order to enable this reporting mechanism, each node keeps an
originator list, containing the IP address for each its neighbors that are likely to use it as a

next hop towards each destination.
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To find a path to the destination, the source broadcasts a route request packet. The neighbors in
turn broadcast the (RREQ) packet to their neighbors till it reaches an intermediate node that has
recent route information about the destination or till it reaches the destination in Figure 2.3. A
node rejects a route request packet that it has already seen. The route request packet uses
sequence numbers to ensure that the routes are loop free and to make sure that if the intermediate

nodes reply to route requests, they reply with the latest information only.

Figure 2.3: Propagation of Route Request (RREQ) Packet

When a node forwards a route request packet to its neighbors, it also records in its tables the
node from which the first copy of the request came. This information is used to construct the
reverse path for the route reply (RREP) packet. AODV uses only symmetric links because the
route reply packet follows the reverse path of route request packet. A Route Reply Packet

traverses back to the source in Figure 2.4; nodes along the path enter the forward route into their

tables.
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Figure 2.4: Path Taken by Route Reply (RREP) Packet
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Link failures are propagated by a route error (RRER) message from the link failure point to the
source node of that route. When the next hop link breaks, RRER packets are sent to a set of
neighboring nodes that communicate over the broken link with the destination. This process is
recursive and thus removes all routing entries containing these broken links in the routing tables.
A node also checks connectivity by broadcasting local Hello messages. Since nodes reply to the

first arriving RREQ, AODV favors least crowded route than shortest one.
2.9.1. Interesting Concepts of AODV

The concepts of AODV that make it desirable for MANETSs with limited band width include the
following [25]:

» Minimal space complexity: The algorithm makes sure that the nodes that are not in the
active path do not maintain information about this route. After a node receives the RREQ
and sets a reverse path in its routing table and propagates the RREQ to its neighbors, if it
does not receive any RREP from its neighbors for this request, it deletes the routing info

that it has recorded.

» Maximum utilization of the bandwidth: This can be considered the major achievement
of the algorithm. As the protocol does not require periodic global advertisements, the
demand on the available bandwidth is less. And a monotonically increased sequence
number counter is maintained by each node in order to supersede any stale cached routes.
All the intermediate nodes in an active path updating their routing tables also make sure
of maximum utilization of the bandwidth. Since, these routing tables will be used
repeatedly if that intermediate node receives any RREQ from another source for same
destination. Also, any RREPs that are received by the nodes are compared with the RREP
that was propagated last using the destination sequence numbers and are discarded if they

are not better than the already propagated RREPs.

» Simple: It is simple with each node behaving as a router, maintaining a simple routing
table, and the source node initiating path discovery request, making the network self-

starting.
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» Most effective routing info: After propagating an RREP, if a node finds receives an
RREP with smaller hop-count, it updates its routing info with this better path and
propagates it.

» Most current routing info: The route info is obtained on demand. Also, after
propagating an RREP, if a node finds receives an RREP with greater destination

sequence number, it updates its routing info with this latest path and propagates it.

» Loop-free routes: The algorithm maintains loop free routes by using the simple logic of

nodes discarding non better packets for same broadcast-id.

» Coping up with dynamic topology and broken links: When the nodes in the network
move from their places and the topology is changed or the links in the active path are
broken, the intermediate node that discovers this link breakage propagates an RERR
packet. And the source node re-initializes the path discovery if it still desires the route.

This ensures quick response to broken links.
2.9.2. Advantages and Disadvantages of AODV

The main advantage of AODV protocol is that routes are established on demand and destination
sequence numbers are used to find the latest route to the destination. The connection setup delay
is less. The HELLO messages supporting the routes maintenance are range-limited, so they do

not cause unnecessary overhead in the network [26].

One of the disadvantages of this protocol is that intermediate nodes can lead to inconsistent
routes if the source sequence number is very old and the intermediate nodes have a higher but
not the latest destination sequence number, thereby having stale entries and also multiple Route
Reply packets in response to a single Route Request packet can lead to heavy control overhead
[26]. Another disadvantage of AODV is that the periodic beaconing leads to unnecessary

bandwidth consumption.

2.10. Detail Description of Dynamic Source Routing (DSR) Protocol

Dynamic Source Routing (DSR) is an on demand, source based routing protocol. The sender

knows the complete hop by hop route to the destination [27]. In the route discovery process, the
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network is flooded by the route request (RREQ) packets where each node receiving it
rebroadcasts it, unless it is the destination. The addresses of intermediate nodes are enlisted on

DSR RREQ and RREP control packets.

Every node in the network uses these addresses to learn about the routes to other nodes in the
network and store them in their route caches. Once a RREP message is received, the sender node
knows the entire route to the destination. The sender stores this route in its cache for future use.
Data packets in DSR are routed by intermediate nodes using the complete route to destination
enlisted in the packet header. If the link breaks and the next node on the source route is not its
neighbor, it sends an error message to the source using a route error RRER packet, and leaves it
to the source to establish a new route. Else the node may try an alternate path. DSR stores

multiple paths per destination and does not use any expiry timers on route cache entries.

The two major phases of the protocol are route discovery and route maintenance. When the
source node wants to send a packet to a destination, it looks up its route cache to determine if it
already contains a route to the destination. If it finds that an unexpired route to the destination
exists, then it uses this route to send the packet. But if the node does not have such a route, then
it initiates the route discovery process by broadcasting a route request packet. The route request
packet contains the address of the source and the destination, and a unique identification number.
Each intermediate node checks whether it knows of a route to the destination. If it does not, it
appends its address to the route record of the packet and forwards the packet to its neighbors. A
route reply is generated when either the destination or an intermediate node with current

information about the destination receives the route request packet.

The DSR protocol is composed of two mechanisms that work together to allow the discovery and

maintenance of source routes in the ad hoc network:

2.10.1. DSR Route Discovery In route discovery source node is wishing to send a packet to a
destination node obtains a source route to destination. Route Discovery is used only when source
node attempts to send a packet to destination node and does not already know a route to
destination when any host receives a route request packet (RREQ). It processes the request

according to the following steps [27].
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» If (initiator address, request id) is found in this host than discard the route request packet
(RREQ).

» If this host’s address is already listed in the route record than discard the route request
packet (RREQ).

> If the target of the request matches this host’s address than return a copy of this route in
a route reply packet (RREP) to the initiator.

» Otherwise, append this host’s address to the route record, and re-broadcast the request.

In Figure 2.5, a node A is trying to discover a route to node G. To initiate the Route Discovery,
A transmits a RREQ message as a single local broadcast packet, which is received by all nodes
currently within wireless transmission range of A. Each RREQ message identifies the initiator
and target of the route discovery, and also contains a unique request id, determined by the
initiator of the RREQ. Each RREQ also contains a record listing the address of each intermediate
node through which this particular copy of the RREQ message has been forwarded. When
another node receives a RREQ, if it is the target of the route discovery, it returns a RREP
message to the initiator of the route discovery, giving a copy of the buildup route record from the
RREQ; when the initiator receives this RREP, it caches this route in its route cache for use in

sending subsequent packets to this destination.
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Figure 2.5: Route Discovery in DSR Routing Protocols

2.10.2. DSR Route Maintenance In route maintenance source node is able to detect, while using

a source route to destination, if the network topology has changed such that it can no longer use
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its route to destination because a link along the route no longer works. When Route Maintenance
indicates a source route is broken, source can attempt to use any other route it happens to know
to destination, or can invoke Route Discovery again to find a new route. Route Maintenance is
used only when source node is actually sending packets to destination node.

Basic Operations of Route Maintenance are [27]:

» Conventional routing protocols integrate route discovery with route maintenance by
continuously sending periodic routing updates.

» There are no periodic messages of any kind from any of the mobile hosts.

» It monitors the operation of the route and in form the sender of any routing errors. The

host sends a route error packet to the original sender.

In Figure 2.6, Node A has originated a packet for G using a source route through intermediate
nodes B and D. In this case, node A is responsible for receipt of the packet at B, node B is
responsible for receipt at D and node D is responsible for receipt finally at the destination G. If
the packet is retransmitted by some hop the maximum number of times and no receipt
confirmation is received, this node returns a RERR message to the original sender of the packet,
identifying the link over which the packet could not be forwarded. For example, in Figure 2.6, if
D is unable to deliver the packet to the next hop G, then D returns a RERR to A, stating that the
link from D to G is currently broken. Node A then removes this broken link from its cache any
retransmission of the original packet is a function for upper layer protocols such as TCP and for

sending such a retransmission or other packets to this same destination G.

Figure 2.6: Route Maintenance in DSR routing protocol
2.10.3. Advantages and Disadvantages of DSR
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DSR uses a reactive approach which eliminates the need to periodically flood the network with
table update messages which are required in a table-driven approach. The intermediate nodes

also utilize the route cache information efficiently to reduce the control overhead.

The disadvantage of DSR is that the route maintenance mechanism does not locally repair a
broken down link. The connection setup delay is higher than in table-driven protocols. Even
though the protocol performs well in static and low-mobility environments, the performance
degrades rapidly with increasing mobility. Also, considerable routing overhead is involved due
to the source-routing mechanism employed in DSR. This routing overhead is directly

proportional to the path length.
2.11. Comparison between AODYV and DSR

The AODV and DSR protocols have been analyzed theoretically. Table 2.2 summarizes and
compares the result from these theoretical, qualitative analyses and shows what properties the
protocols have and do not have. There are comparison between DSR and AODV on the base of

their characteristics are defined as

Table 2.2: Comparison of AODV and DSR

AODV DSR

Loop free Yes Yes
Multiple routes No Yes
Distributed Yes Yes
Reactive routing protocols Yes Yes
Unidirectional link support No Yes
Multicast Yes No

Periodic broadcasts Yes No
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Problem Statement

3.1. Problem Statement

The objective of the thesis is to select one out of a AODV and DSR reactive protocol when the
mobile ad hoc network has to be created for the small duration .In order to fulfill the objective a
comparative analysis between these two reactive protocols has to be carried out in the simulated
environment created in the ns-2 simulator comprising of 15 mobile nodes based on the two
basic parameters — packet received and packet loss and examining their values based on the

different simulation time scenarios.
3.2. Objectives

The various tasks carried out in achieving the objective can be outlined as follows:

Get a general understanding of ad -hoc networks.
Literature review of the existing routing protocols including DSR and AODV.

Learning of the OTCL script and its use in the NS-2.

YV V V V

Creating the simulated environment comprising of 15 mobile nodes in a boundary of 640

by 640.

» Implementing DSR and AODYV protocol on 15 mobile nodes by the use of OTCL script
in NS-2

» Analyzing the behavior of both the protocols with the help of X graph in NS2 simulator

» Discussing the results based on the study of X graph.
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Chapter 4

Simulation Model

4.1. Simulation

Simulation can be defined as “Imitating or estimation how events might occur in a real
situation.” It can involve complex mathematical modeling, role playing without the aid of
technology, or combinations. These assumption from a model of the system .The value lies in the
placing you under realistic conditions, that change as a result of behavior of others involved so

you cannot predict the sequence of events or the final outcome[28].

» Simulation can be used:
To study complex systems, compare design alternatives for a system that doesn’t exist

and study the effect of alternations to an exit system.

» Simulations should not be used:
If model assumptions are simple such that mathematical methods, those can be used to

obtain exact answers.

There are different simulators such as ns2, GloMoSim, OPNET etc., are being used by
researchers in order to evaluate the routing protocols. We have used ns2 for the evaluation of the
proposed routing protocol as the same is an open source, freely available and the programming

languages used are C++, Tcl and OTcl.

4.2. NS2 Overview

The network simulator (NS) [28], which is a discrete event simulator for networks, is a simulated
program developed by VINT (Virtual Internetwork Test-bed) project group. It supports
simulations of TCP and UDP, some of MAC layer protocols, various routing and multicast
protocols over both wired and wireless network etc. As shown in the figure 4.1, it is necessary to

trace the output in some of the output files for post-simulation analysis.
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Figure 4.1: Network Simulator

Depending on user’s requirement the simulation are stored in trace files, which can be fed as

input for analysis by different component:

» A NAM trace file (.nam) is used for the ns animator to produce the simulated
environment.

» A trace file (.tr) is used to generate the graphical results with the help of a component

called X Graph [29].
e .
/' Ns \
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Figure 4.2: Simplified User’s View of NS
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Figure 4.2, shows a simplified user’s view,ns is object-oriented Tcl (OTcl) script interpreter that
has a simulation event scheduler and network component object libraries, and network setup
(plumbing) module libraries(actually, plumbing modules are implemented as member functions
of the base simulator object). In the other words, to use ns, you program in OTcl script language.
To setup and run a simulation network, a user should write an OTcl script that initiates an event
scheduler, set up the network topology using the network objects and plumbing functions in the
library, and tells traffic sources when to start and stop transmitting packets through event
scheduler. The simulator uses this script during simulation .the term “plumbing “ is used for a
network setup, because setting up a network is plumbing possible data paths among network
objects by setting the neighbor pointer of an object to the address of an appropriate object. The

power of ns comes from this plumbing.

When the simulation is finished, the simulation results are produced in one or more text-based
output files that contain detailed simulation data, which can be used to analyze directly or can be
used in the graphical user interface Network Animator (NAM) [30]. This graphical user interface

shows the simulation result in an easy way.

The language that is written in NS-2 is not only OTcl but also C++. The event scheduler and the
basic network component objects in the data path are written and compiled using C++ to reduce
packet and event processing time. These compiled objects need the OTcl linkage to create a

matching OTecl object for each of the C++ objects to be able to work with OTcl interpreter.
4.2.1. Architectural of NS
The NS-2 architecture is composed of five parts:

Event scheduler
Network components
Tclcl

OTcl library

YV V V V V

Tcl 8.0 script language

These five components together make up NS, which is an object-oriented extended Tcl

interpreter with network simulator libraries Figure 4.3 shows the general architecture of ns. In
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this figure, a general user (not an ns developer) can be thought of standing at the left bottom
corner, designing and running simulations in Tcl using the simulator objects in the OTcl library.
The event schedulers and most of the network components are implemented in C++ and
available to OTcl through the OTecl linkage that is implemented using Tclcl. The whole thing

together makes the ns, which is a OO extended Tcl interpreter with network simulator libraries.

Eventscheculer ns 2
Ll
Motwork
Ol Componont

Tel &.0
ULEH

Figure 4.3: Architectural views of ns

4.2.2. Tool Command Language (Tcl)

Tool Command Language, Tcl [31] is a powerful interpreted programming language developed
by John Ouster out at the University of California, Berkeley. Tcl is a very powerful and dynamic
programming language. It has a wide range of usage, including web and desktop applications,
networking, administration, testing etc. Tcl is a truly cross platform, easily deployed and highly
extensible. The most significant advantage of Tcl language is that it is fully compatible with the

C programming language and Tcl libraries can be interoperated directly into C programs.
4.2.3. The Network Animator (NAM)

The biggest advantage of network animator (NAM) is that it provides a graphical user interface
(GUI) for the different simulation environment according to the parameters specified by the user.

The Xgraph utility generates the graphical output of the input data (or trace files).
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To animate network traffic in several ways, nam interprets a trace file containing time-indexed
network events, as Figure 4.4 shows. Typically, an ns simulation generates this trace, but nam
can also use processing data from a live network to produce a trace. Nam usually runs offline
using traces stored on disk, but it can also play traces from a running program. The nam trace file
contains all information needed for the animation—both on static network layout and on
dynamic events such as packet arrivals, departures, and drops and link failures [30]. The input

file for wireless networking simulations also includes information on node location and

movement.
nAm
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Tl _ Packet animation
ﬁﬁ}ﬂpﬂnr‘nl ___,,a-r""’ Automatic layout
- - -
s Flltering Helative layout
et ork o wirless layout
P -
rata ~ — __ sPreprocessing <~ Protocal praphs
= TR
e SR
| -
Other —

LWOHIrCE S

Figure 4.4: Block diagram of NAM

NAM is GUI for replaying the simulation and auto-layout or defines node positions in script.
Nam is a visual aid showing how packets flow along the network .It is a Tcl based animation tool
for viewing network simulation traces and real world packet trace data. The first step to use
NAM is to produce the trace file. The trace file should contain topology information, e.g., nodes,
links, as well as packet traces. Usually, the trace file is generated by ns2. When the trace file is
generated, it is ready to be animated by NAM. Upon startup, NAM will read the trace file, create
topology, pop up a window, do layout if necessary and then pause at the time of the first packet
in the trace file, through its user interface, NAM provides control over many aspects of

animation [30] The main window of NAM is shown below:
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Figure 4.5: Screenshot of NAM Window [32]
4.2.4 Structure of Trace File

When tracing in to an output ASCII file, the trace is organized in 12 fields as in Figure 4.6, the

meaning of fields is:

Event |Tme |From |{To [Pkt |Pkt |Flags |Fid |8 |Dst  Seq |Pht
Node |Nede | Type | Size Addrs | Addrs Num |id

Figure 4.6: Fields of Trace File
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1) The first field is the event type and given by one of four available symbols r, +, - and d
which correspond respectively to receive, enqueued, dequeued and dropped.

2) The second field is telling the time which the event occurs.

3) Gives the input node of the link at which the events occurs.

4) Gives the output node of the link at which the events occurs.

5) Gives the packet type such as continuous bit rate (CBR) or transmission control protocol
(TCP).

6) Gives the size of the packet.

7) The field is some kind of flags.

8) This is the flow identity of [Pv6, which can specify stream color of the NAM display and
can be use for further analyze purposes.

9) This is the source address in the form of “node. Port”.

10) This is the destination in the form of “node. Port”.

11) This is the network layer protocol’s packet sequence number. NS keeps track of UDP
packet sequence number for the analysis purposes.

12) The last field is the unique identity of the packet.

Results of simulation are stored into trace file (*.tr). Trace Graph was used to analyze the trace

file.
4.2.5. The Trace Graph

It is a data presentation system for Network Simulator NS2. The simulator doesn’t have any
options implemented to analyze simulations results so it’s hard to use it. Trace graph [33] system
provides many options for analysis, including 250 graphs and statistical reports. Trace graph
supports the following NS2 trace file formats; wired, satellite, wireless (old and new trace),
wired-cum-wireless. Trace file loading stage is divided into 4 stages; automatic trace file format
recognition, trace file parsing to extract necessary simulation data which is saved to a temporary
file, trace files can contain much more data than is needed by the system, so unnecessary
information is omitted to speed up trace file loading, temporary file loading, constants
calculations (packets types, packets sizes, flows IDs, trace levels, number of nodes, simulation
time) — in order to speed up data processing. Wireless and wired-cum-wireless trace files are

parsed and saved in Trace graph format.
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4.3 Mobility Models

The mobility model is designed to describe the movement pattern of mobile users, and how their
location, velocity and acceleration change over time. Since mobility patterns may play a
significant role in determining the protocol performance, it is desirable for mobility models to
follow the movement pattern of targeted real life applications in a reasonable way. One
frequently used mobility model in MANET simulations is the Random Waypoint model [34], in
which nodes move independently to a randomly chosen destination with a randomly selected
velocity. The Random Waypoint model is extensively used in simulation studies of MANET so

that Random Waypoint Mobility Model is used in our work.
4.3.1. Random Waypoint Mobility Model

The Random Waypoint Mobility Model [34] is extensively used in simulation studies of
MANET. In this mobility model a node selects its destination and its speed. The node keeps
moving until it reaches its destination at that speed. In the RWP model the nodes, i.e.; mobile
users, moves along a zigzag path consisting of straight legs from one waypoint to the next. the
movement of the nodes is in a straight-line and we assume that is way point is drawn from the
uniform distribution over the given convex domain. The nodes choose their destination either
randomly or get their coordinates from the tcl script that is provided by the user. This is very
clearly shown in the figure 4.6 given below. In RWPMM node begins the simulation by waiting
a specified pause-time. After this time it selects a random destination in the area and a random
speed distributed uniformly between 0 m/s and Vmax. After reaching its destination point, the

mobile node waits again pause for time seconds before choosing a new waypoint and speed.

L =0 Lo L= =M =SS0 mlaly’

Figure 4.7: Traveling Pattern of Different Mobile Nodes using the RWPMM
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4.4. Traffic Model

Continuous bit rate (CBR) traffic sources are used. The source-destination pairs are spread
randomly over the network. The number of source-destination pairs and the packet-sending rate

in each pair is varied to change the offered load in the network.

The mobility model uses the random waypoint model in a rectangular field. The field
configurations used is: 670 m x 670 m field with 15 nodes. Here, each packet goes from its
location to a destination with a randomly. When they are reached at its destination than another
random destination is targeted after a pause time. Here,simulations are run for 10 and 20

simulated seconds.
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Chapter 5

Implementation & Results

5.1. Simulation Parameters

As already outlined, we have to select one out of DSR and AODYV reactive protocol when the
mobile adhoc network has to be created for the small duration. The whole scenario comprises of
15 mobile nodes using both DSR and AODYV is simulated in NS-2 simulator with the assumption
that all the mobile nodes receives packets as well as forward them to all the neighboring nodes

without filtering them on the basis of the destination address.

The needed Parameters to carry out the simulation and their corresponding values for both

protocols are specified below:

Table 5.1: Simulation Parameters

Parameter Value

Number of Nodes 15

Topography Dimension 670 mx 670 m

Traftic Type CBR

Radio Propagation Model Two-Ray Ground Model
MAC Type 802.11.Mac Layer
Packet Size 512 bytes

Mobility Model Random Way Point
Antenna Type Omni directional
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All the above mentioned parameters in the table remains same for both DSR and AODV
protocols but only one parameter — Simulation Time is varied for 10 seconds and 20 seconds

and the behavior of both DSR and AODV is examined by studying the X Graph.
5.1.1. Simulation Scenario of 15 mobile nodes

The mobile adhoc network comprising of 15 mobile nodes is constructed in the NS-2 simulator
with the use of OTCL script in the topological boundary area of 670 m x 670 m. The position of
the mobile nodes is defined in terms of X and Y coordinates values and it is written in the

movement scenario file.
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Figure 5.1: A Screenshot of 15 Mobile Nodes Implementing DSR and AODV

37



Bilz Eril ¥iew Icimital Help

seloged LGud inslange]

SME_
Sms
amE
Ems_
S
sms
5Ms
Sns_
s
SN
SME
Ens_
S
GmE
S5
Saud_
syod
Syod
sgad
Eyod
Syod
agad
Syod
Saod_
syad
Syod
sgad

at
al
at
at
al
at
at
al
at
aL
at
at
al
at
at

sel-disl
zet-dist
sl izl
aet-niat
set-dist
szl disl
aat-dist
sot dist
sal-disl
seft-dist
sl disl
sat-flst

B AAAAAAARAGER

8 _HHoHeHaEanY

A _AARARARARGAR
B _HHEHE R
0, Baaaaaacana0
A _AARARARHAGAER
B _HHOHBHEHa GG
0, 888888000000
A ARRAAAAAAGER
B BHEHEHEEaHEH
A _AABARARARGEG
B _HEEHEHEEE LG
. BEEARAAAAGAEH
A _AARARARARGEG
B _HHEHHHEHa LY

O
fnude
"inei s
"tnods
"fnuds
"inade
"$nodc
"oy
s
"fauds
e
"gnods
"fnuds
"inade
"tnodc

2

T10 soldosl 450, 363222015723 L20 518253111150 S8, 371785500152

12
REL

ey
_i]

17}
TRl
i3

{18}
{11)
(12}
{13}
[14]

getd=et S0, CARFAA91GTAE TELT1E2EITLIT07 TR0 FTITAGAS91GY

setdent 425 LRIZSLGNGTLN AES S19RR1TT0152 FOATITASA9915L
getdast FHE.DE20AYLLGAE ARY D1YIEILIIINE DL ETLTELENELLT
suldosl 220, 2632212005743 408 512283111152 24, 370725200152
getdest 45A.4RIZ44915743 49, 5192083111752 24, 3T TASA99154

sotdost LhE. 2032820154 8 B1MZEI1I1IILE 4h. 7L IEREIU1LS
seldesl 209, 2603242515740 42, 512282111152 55, 3717050599152

setdast
soldosl

setdent ISR IRIFLIQISTLL TEE.S1IIRATTITIRE P4OATITASAG91SLS

TR AAZFAA91574E 19
330, &n3pesl]nges 30

LF18383111152
J3132E311115E

TA.ITITERRY1GS
g, 5L

setdest ADD_ 032049915543 AY D1YIEILIIILE bl 3TLIELEYYLLS
sildosl 330.263222015743 42 512253111152 55, 3TLTa550015=
getdaat SAALSRIAPA91STAR A9.51928717 778 AR, T TASN99154
sotdost 400 203222015043 48 S1NIEI1II10E 24, FTLIELEUOLLS

]

-

ki oh D DT
LT I N T

1z

| T

Ld i Lad BN L S i BJ = RIS

1.5

| B neepakilocalhase~r || i Seve Susenshol |

Figure 5.2 (a): A Screenshot of Movement Scenario file showing Nodes Movements

Ellz
sniode

shade [0
soode 0
Eunﬂﬁ:
Snude_

Snodc
Snode
snode

shnidR
Snnile

EunHH:
Snude_

Snodc
smodc
snode

shnide
Smide
Smunde
Snude_

Snodc
smodc
snode

snnide
EMHHH_:
Smode |
Snede_ [
v

Snodc

Edit

FRY

{1}
5
\.2]

r1

wicw Jemiinal  Help

cet I 0. DOABGCEEEDD0R
et ¥ T3 ARROEERAARAA
sel ¥ 434 ARGEE ZDBAAARA
sel ?: 2. ARAAGEE R DD0A
SUL Y 234, HHUEEE 22000
st X L2, BHUEL Y Baag0d
sct £ . DOO0UEE Ea00g
set ¥ 21D, ABGCEEIDAAAA
At X 1. ARROGERRARAR
sel TR DAARGERZADAA
sl Y: 8. AARAGE ABAR
sl X B3D, HHUEEE 22000
sot 2 UL DHHHUED Y B0
sct ¥ 174, 000CE I DDO0aa
cet X 11D, G8QCEEIDa88A
AT T R.DARABEER AARA
sel W 0T BRRGEER T ADAAA
sel ¥

56l £ J

sot ¥ 4bH, iE3E0EELAEES
st ¥ 35D, 2ROSEIRREE3E
cet I 3. DO8B0CEEDDaR
et ¥ 4TS A5TFA1TTIRAY
sel X 8T OALAISNAFANST
sel T plile]
58l T_ dEIlanl
st X dLH, S0LdqlE4lngss

BE,B-1 Q8%

| |3 BespakEhocalhosl - | @ Sove Scroznshot

E1 L]

Figure 5.2 (b): A Screenshot of Movement Scenario file showing Nodes Position

38



5.1.2. Traffic set up between the Mobile Nodes

The traffic flow in terms of the exchange of packets between the mobile nodes is read from the

following traffic generator script.
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Figure 5.3: A Screenshot of Traffic Generator Script

39



ﬂnﬁ.ppliraﬁnns Flares Syctem “i L:;:, |L‘1 i .qﬂ e ul b E5h46M Despak chaudhary

ila Mizgr FemongEis | giwn]=l raw ||
A4 |. - | .k m [ . Hr || Lieogg | foopn 2000 :'_:‘
i) &
=
j
r
2 ©. ©
& @-'- @-:Ih-\
J ‘__z"'.- H\jo
i [E
@dﬁ: @ |
Y i
-\‘@' ® / o
o o ©
F1
|IIIIII HJIL?II IIII|III (- II|I I II|II IIIII|IIIIIIIII 01 1 Y O M I| |
] I3
¢ B Decpak@localhoesl-... T pam: simplel.nam ]| 7 [Narm Corsclz vl 14] [ B '

Figure 5.4: Flow of Traffic between the Mobile Nodes
5.1.3. Generation of Trace File

The trace file is generated after running the simulation for the specified simulation time. The
trace file provides the following information about the action that happens with the respect of
packets-send(s), received(r), dropped (d), the time when the action happens, the node where the
action takes place, the layer of the node where the action takes place, the sequence number of

packet, packet type etc.
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The trace file output is then converted into X Graph to show the results in graphical format by

Figure 5.5: A Screenshot of Generated Trace File

Lol
.

the following command: exec X Graph dsr.tr aodv.tr —geometry 800 m x 600 m.
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Figure 5.6 shows the X graph of DSR when the simulation is carried only for 10 seconds . the

packet received and packet loss is initially zero at the time of start because initially there is no

CBR connection. As the CBR connections establish the number of packet that lost increases

as compare to packet received but as simulation time increases substantially the number of

packet received increases.
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Figure 5.7: X Graph of 10 Seconds Simulation time for AODV

Figure 5.7 shows the X graph of AODV when the simulation is carried only for 10 seconds the
packet received and packet loss is initially zero at the time of start because initially there is no
CBR connection. As the CBR connections establish between the nodes the number of packet
received in comparison to packet loss increases. Later on, the packet loss increases

substantially as simulation time increases.
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Figure 5.8: X Graph of 20 Seconds Simulation time for DSR

Figure 5.8 shows that initially in the case of DSR the packet losses are higher as compared to the

packet received but as the simulation precedes further the packet loss rate decreases in case of

DSR.
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Figure 5.9: X Graph of 20 Seconds Simulation time for AODV

Figure 5.9 shows that initially the packet losses in the case of AODV approximate equal tozero.

As simulation time increases the packet loss goes down and packet receiving increases.
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Chapter 6

Conclusions

6.1.Conclusions

» We have simulated and compared the two frequent used reactive protocols DSR and
AODYV in two different simulation time scenarios 10 seconds and 20 seconds and
observing their behavior in terms of two significant parameters Packet Loss and Packet
Received in order to find out which one should be preferred when the mobile ad hoc
network has to be set up for the small amount of time.

» The whole simulation scenario consisting of 15 nodes is created by writing the OTCL
script in NS-2 and analyzing the parameters Packet Loss and Packet Received with the
help of generated X Graph.

» By studying and analyzing the outputs appeared in Xgraph we come to this conclusion
that AODV must be preferred over DSR when the MANET has to be set up for the small

amount of time.

6.2. Future Scope

» In the future, the work can be extended on the other categories of the routing protocols
such as proactive and hybrid routing protocols in order to find the appropriate protocol in
their category on the basis of the varied simulation time.

» It can be further extended by implementing the scenario with the different mobility
models such as Random Walk, Random Point Group Mobility Models and observing the
behavior of protocols by varying the simulated time.

» Also the behavior of the protocols can be studied further by carrying the simulations on
different parameters like varying the number of mobile nodes, the topology area choice of

the traffic type between the mobile nodes other than the simulation time.
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