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ABSTRACT

Mobile Ad hoc Networks (MANET) are wireless networks without an infrastructure, which
are usually set up on a temporary basis to serve a particular purpose within a specific period
of time. The importance of MANET can never be over-emphasized as it has found
applications in so many fields of human endeavor. An efficient routing protocol for MANET
has become a necessary and important issue to be considered before deploying any mobile
network. In our thesis, we investigated the effects of cache size and cache expiry time on the
overall performance of the Dynamic Source Routing protocol which is basically on-demand.
Detailed simulations were carried out, using OPNET Modeler 14.5, on 20 and 30 mobile
nodes networks for different values of path cache size and cache expiry time. One can
intuitively assume that the larger a path cache size and the cache expiry time, the better the
performance of the routing protocol. Nevertheless, as can be shown in our simulation results,
a smaller cache capacity can indirectly affect the performance of the routing protocol and the
cache expiry time has an infinitesimal or no effect on the performance of the dynamic source

routing protocol for MANET.

Keywords: MANET, DSR, Route Cache, Cache Size, Cache Expiry time, Routing
Protocols.
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CHAPTER ONE

INTRODUCTION

obile Ad hoc Networks (MANET) are wireless networks without any fixed
infrastructure, which are usually set up on a temporary basis to serve a
particular purpose within a specific period of time. They are most suitable in
situations where the deployment of an infrastructure is neither feasible nor cost effective.
MANET has been an interesting area of research for over two decades now. A lot of institutes
and corporations have sponsored lots of research on MANET. This is as a result of the varied
applications of these networks. MANET has found applications in every day communication
needs of organisations, especially in conferencing. They are also used in emergency services;

home networking; embedded computing applications; personal area networks, etc.

Effective routing has become an issue of significant concern in MANET. This is because
mobile networks need to be handled by ordinary nodes that have neither specialised
equipment nor a fixed position in the network. Therefore any effective and efficient routing
for MANET must tackle the challenges posed by the mobility of the nodes, their limited
energy resources and heterogeneity, and lots more. So many routing protocols have been
designed for MANET that have in one or the other way solved the aforementioned
challenges to some extent. Of all the protocols overviewed, we discovered that the Dynamic
Source Routing (DSR) protocol has got some special characteristics geared at improving the
efficiency of routing in MANET.

Our work is focused on the caching mechanism of the DSR protocol. We investigated the
effects of cache size and cache expiry time on the performance of DSR protocol. Ordinarily,
we put a hypothesis increase in the cache size and its timeout would improve the performance
of the dynamic source routing protocol for MANET. This assumption might not completely
be correct due to some factors such as the availability of relevant routes in the cache. To
prove our hypothesis, we simulated some mobile ad hoc networks operated upon the DSR
protocol in order to find out the effects of the cache capacity and the cache timeout on the
performance of the DSR protocol. The simulations were carried out on OPNET modeller 14.5

and results collected were thoroughly analysed.
2



This thesis report is divided into seven chapters. Chapter one introduces the topic. It briefly
describes the subject of our thesis and finally summaries the contents of each chapter.
Chapter two reviews previous works in the field of routing protocols for mobile networks.
Chapter three poses some problem statements and provided the hypothesis that forms the
basis for our work. Chapter four gives a general description of MANET, providing a
theoretical background for our work. It deals with the makeup of a typical mobile network
and the media access strategies adopted for MANET. It also discusses the major challenges
with regard to MANET. In chapter five, we take a holistic overview of some of the routing
protocols designed for mobile networks. The routing protocols are basically divided into four
parts, namely: proactive, reactive, hybrid and geographical routing protocols. We describe
few example protocols in each of the four major parts mentioned above. Chapter five further
discusses the caching strategies for DSR protocol. This is to give a better understanding of
the protocol. Chapter six discusses the simulation setup and implementation on OPNET
modeller 14.5 while the analyses of simulation results are proffered in chapter seven. Our

work is concluded in chapter eight with a suggestion for further work.



CHAPTER TWO

REVIEW OF THE STATE OF THE ARTS

The Dynamic Source Routing (DSR) protocol is a simple and efficient on-demand routing

protocol basically designed for use in multi-hop wireless ad hoc networks.

According to [1], the protocol comprises of two main mechanisms of “Route Discovery” and
“Route Maintenance”, which work together to allow nodes to discover and maintain routes to
arbitrary destinations in ad hoc networks. The authors further stated that the protocol operates
entirely on demand, allowing the routing packet overhead of DSR to scale automatically only
what is needed to react to changes in the routes currently in use. The protocol allows multiple
routes to any destination and at the same time allowing each packet sender to select and

control the routes used in routing its packets.

DSR protocol usually searches for and attempts to discover a route to some destination node
only when a sending node originates a data packet addressed to that node. In order to avoid
the need for such a route discovery to be performed before each data packet is sent, DSR
must cache routes previously discovered. Johnson et al [2] presented an analysis of the effects
of different design choices for caching in DSR using cache structure, cache capacity and
cache timeout as basis for their analysis. They carried out an extensive simulation using ns-2
simulator and designed a set of new mobility metrics that allow accurate characterisation of

the relative difficulty that a given movement scenario presents to the DSR.

In [7], the authors tried to improve the performance of DSR protocol considering the mobility
effect of nodes in cache management. This was accomplished by treating the paths differently
with regards to their static position, rather than discarding them after the expiration time they
have been assigned. The authors showed, through simulations, that nodes stability are erratic
and nodes mobility vary so that assigning an expiration time to the nodes route cache will

consequently degrade the performance of the routing protocol.

For route caches to be effective, they need to adapt to frequent topological changes. Mahesh
K. Marina and S. Das [3], carried a simulation study, using ns-2 simulator, of the problem

keeping the caches up-to-date in mobile ad hoc networks. They presented three techniques



namely: wider error notification; route expiry mechanism with adaptive timeout selection and
the use of negative caches. These techniques were aimed at improving the cache correctness
in DSR [2]. Their simulation results showed that the combination of the techniques improved
the packet delivery by about 15% at high mobility relative to the base DSR and consistently

outperformed the base DSR in terms of average delay and overhead packets.

In [8], A. Shukla and N. Tyagi proposed new route cache maintenance in DSR protocol in
order to improve the performance of the DSR protocol. This was achieved by allowing nodes
to learn about the route caches of neighbors’ nodes, instead of sending route error packets to

the source, due to link failure, before forwarding the packets to the destination.

X. Yu and Z. Kedem [4], proposed a distributed adaptive cache update algorithm in order to
address the staleness of cached routes due to the mobility of ad hoc networks. In their
proposal, they defined a new cache structure called a cache table and that each node
maintains in its cache table the information needed for cache updates. When a link failure is
detected, their algorithm notifies all reachable nodes that have cached the link in a distributed

manner. However, their algorithm does not use any ad hoc parameters.

J. Garrido and D. Maradin [5] developed a caching strategy that allows nodes to update their
cache, when there is a topological change in the network. Their strategy zeroed on a
mechanism that would delete invalid links from the route cache. They defined a new field in
link cache structure called “NeighboursToBelnformed” to maintain the additional information
necessary for disseminating the link failure information. They adopted three procedures in
their implementation, namely: “addRoute” — defined as the collection and maintenance of
additional information necessary for updates; “findRoute” — searching of routes maintained in
the cache and “linkcachelnvalidation” — disseminating the broken link information to the

nodes that have cached it. They evaluated their mechanism using ns-2 simulator.

In [9], the authors proposed an adaptive link caching scheme for on-demand routing in
MANET. They opined that the time out of link cache is difficult to set; therefore an
estimation based on the link’s life time was proposed. This suggests the life time of an active
link between two nodes and the probability that the link will be available during the life time

of the active link between two nodes.



CHAPTER THREE

PROBLEM STATEMENT AND HYPOTHESIS

3.1 Problem Statement
The Dynamic Source Routing protocol is unarguably the most referred protocol for mobile

networks. The effectiveness of the protocol is not unconnected with its caching mechanisms,
that is, the ability to store already discovered routes in the nodes’ caches. This capability of
the DSR protocol has been shown to reduce the overall control overhead involved in packets
data transmission. In our thesis, we investigate the effects of cache capacity and cache
timeout (cache expiry time) on the performance of the DSR protocol. Our research questions
are established as below:
e How does the size of the cache of the nodes involved in a MANET affect the route
discovery time, average packet delay and overhead routing traffic of the DSR
protocol?

e How does the cache timeout affect the route discovery time, average packet delay and

overhead routing traffic of the DSR protocol, regardless of the capacity of the cache?

3.2 Hypothesis
We have assumed ordinarily that the increase in the size of nodes’ caches carried out in

parallel with an increase in the cache expiry time would enhance the route discovery time,
average packet delay of the DSR protocol for MANET. This unilateral assumption is to be
verified through a series of simulations with the view of answering the research questions
posed in the preceding section. The simulations shall be carried out on OPNET modeler 14.5

and structured as stated below:

e The cache size mechanism variation with a constant cache expiry time. This approach

enables us to answer the first research question.

e Variation of the cache expiry time mechanism while maintaining the same cache size.

Applying this strategy helps us to investigate the second research question.



CHAPTER FOUR

THEORETICAL BACKGROUND - OVERVIEW OF MANET

In this chapter, we discuss about the formation of a MANET and how different types of
mobile devices can make up MANET. Also, how MANET can be generated by the
movement of these mobile devices and some challenges that are confronted in MANET are

analyzed. Furthermore, MANET MAC protocols and its applications are explained.

4.1  Homogenous Mobile Device Network.
Two or more mobile devices (MD) that have networking capabilities and wireless

communications are said to establish a MANET. The MD should be within their radio ranges.
A destination MD that is out of radio range from the source MD, an intermediate MD that is
within radio range with the destination MD can forward the packets from the source MD to
the destination MD.

According to [10], it is proposed an ad hoc wireless network to be self-organizing and
adaptive. This suggests that, the MANET can be formed and be reformed without any system
administration. The MANET can be represented in various forms, which can be standalone,
mobile, or networked. An MD has the capability to detect the availability of other MD within
the radio perimeter, this enable a routing handshake to be established which gives room for
communication and sharing of information among the MD. The MANET does not require
any fixed router or fixed radio base stations to make connection. The MANET that has two or

more mobile devices that is of the same type is said to set up homogeneous mobile device

=

network as can been seen in figure 1 below.

]
[ ]

=
O

= =

Iz

Figure 1: Homogeneous Mobile Device Network



4.2 Mobile Devices Heterogeneity.
Heterogeneity comes into MANET due to the kinds of MDs that made up the MANET.

Heterogeneity has some effect in MDs communication performance and the design of the
communication protocols according to [10]. It shows that, these MDs have differences in
terms of their size, memory, computational power, and battery capacity. MDs features allow
some MDs to act as a server while others can act as a client. Examples of different types of
MDs are pocket PC, laptop, cellular phones etc. MANET that is set up by different types of
mobile devices is said to be heterogeneous mobile device network, as can be seen below in

figure 2.

Figure 2: Heterogeneous Mobile Device Network

4.3 MD Movement.
In MANET, MD are always moving. This movement can be initiated either by the source

node, destination node, or the intermediate node. These MD movements allow the network to

take different shape. The movement of these MDs affects directly the routed information.

4.3.1 Displacement of MD in a Route.
An established MANET comprises of a source node, intermediate node(s) and a destination

node. The source node has downstream links which help in forwarding the routed packets
from the source node to the destination node. The source node stores the downstream links
from itself to the destination node. The source node used the stored downstream links to route
packets to the destination node. The source node can migrate away from the MANET.
Neighbouring MDs of the migrated source MD should be aware of the migration in order to

discard the link to the migrated source MD.

This destination node, which has also an upstream links to the source node, stores these links
for subsequent usage and it can also leave MANET at any time. A neighbouring MD should

be aware of the destination node migration so as to remove the stored link to this destination
8



node. Also, the intermediate node(s) can still leave the network thereby creating a link
failure. A new route has to be established in order to route packets from the source node to
the destination node. This new route is achieved by broadcasting over the wireless medium,
another intermediate node routing the packets to the destination node. This tends to consume

bandwidth and increase the overall network control traffic.

4.3.2 Displacement by subnet-Bridging MD
Subnet-bridging node tends to merge two or more subnets together. This merging node plays

an important role when the source node and the destination node are not in the same subnet
network. The subnet bridging node aids in routing packets coming from the source node to
the destination node via others intermediate nodes. If this merging node decides to leave the
network, the merger subnet network will be fragmented into smaller network. The figure 3
below shows a mobile device bridging two networks together.
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Figure 3: An Example of a Mobile Device Bridging Two Networks
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4.4  The Challenges of Mobile Ad Hoc Networks
The usefulness of MANET in everyday life can never be over emphasised. Despite the

myriad applications of MANET, it still poses a lot of challenges ranging from spectrum
availability to routing issues. In this section, we highlight some of the obvious challenges in
MANET.

4.4.1 Allocation of Spectrum
MANET is operated at a particular radio spectrum. MANET is operated over a specified

spectrum range. A 2.4 GHz band application of a system has some interference with wireless
LAN systems. Due to the nature of MANET whereby, a MD can join and leave the network
at any time, it becomes difficult to firmly control and decide who should pay for this

spectrum.

4.4.2 Media Access in MANET
In MANET, mobile devices lack a centralized control and global synchronization. This

makes Frequency Division Multiple Access (FDMA) and Time Division Multiple Access
(TDMA) not suitable for the network. Media access control protocols are incorporated into
MD. In MANET, the MD make use of this media access, hence the MAC protocol creates a
common channel that is utilized in a distributed form. The MAC protocol must acquire an
access to the common channel and at the same time try to avoid collision with other

neighbouring mobile devices.

4.4.3 Routing in MANET
In MANET, there is always a rapid change of the topology structure due to the quick and fast

mobility of the mobile devices. The rapid change of the MDs topology is possible because the
MDs are small, portable and highly integrated, [10]. Distance-vector and link-state based
routing protocols cannot cope effectively with the rapid dynamic change of the topology.
Hence, the performance of the routing protocol leads to a poor route convergence and very

low communication throughput [10]. A standard and efficient routing protocol is required.

4.4.4 Multicasting in MANET
In MANET, due to the frequent mobility of mobile devices in the network, multicasting of

packets is difficult to be achieved. Multicasting on the internet is viable because the multicast
backbone includes a network of multicast routers that can transmit multicast packets via non-
multicast routers. Multicast protocols use a broadcast-and-prune method to setup a multicast

tree rooted at the source, [10]. Multicasting is possible because the routers are stationary and
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as soon as the multicast tree is formed, tree nodes will not move. This is not feasible in the
MANET.

4.4.5 Energy efficiency in MANET
Power dissipation in a network protocol is an important issue that has not been given enough

attention. Power technology is lagging behind micro-processor technology. Most mobile
devices powered by mains are static. MDs are mainly powered by batteries which do not last
for a long time. MDs should give room for power conservation. MD transmits packets to the
destination node via routing protocol. The intermediate nodes forward these packets to the
destination node. The routing protocol of these intermediate nodes consumes some power

from the battery in order to forward these packets to the destination node.

4.4.6 TCP Performance in MANET
In MANET, transport control protocol (TCP) is connection oriented; hence it transmits data

after connection has been established. TCP is an end-to-end protocol base that implements a
congestion and flow control in a network. TCP assumes that the MD route is static in nature.
Congestion and flow analysis is carried out in the source and destination nodes but not in the
intermediate nodes. TCP makes use of the round trip time and packet loss to decide the
occurrence of congestion in the network. TCP has a problem of distinguishing between
mobility of MD and network congestion, because mobility of MD leads to packet loss and

long round trip time. An enhancement of TCP protocol is necessary

4.4.7 Security and Privacy in MANET
The MANET is an intranet connection based. This makes external attacks on the network to

be minimal. In the network, packets are forwarded by intermediate nodes till they get to the
destination node. It is difficult to identify a hostile MD who can corrupt the packets before
forwarding it. Hence, forwarded packets should be authenticated by recognizing the source of

the packets and the flow ID or label.

45  MANET Media Access Protocols
MANET is constituted of mobile devices that interact through a shared communication

medium, which is the common channel. Media Access Control (MAC) protocols are set of
rules that allow the efficient use of a shared medium [10]. In MANET, every mobile device
has the tendency to be mobile. There is no fixed MD that plays the role of a central controller.

The MAC protocol implements per-link communications but not end-to-end communication.
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45.1 MANET Synchronous MAC Protocols
Synchronous MAC protocol in MANET implies that all the mobile devices are synchronized

to the same time. A timer master broadcasts a regular beacon. All MD set their clocks to the
master’s time when they hear the beacon. A centralized co-ordination is required to

synchronize time events.

45.2 MANET Asynchronous MAC Protocols
In asynchronous MAC protocols all mobile devices do not use the same time. The channel

access is controlled by a more distributed control mechanism. Access to the channel is

contention-based.

453 MANET MAC Protocol ‘‘Receiver Initiated *’
In MANET, MAC protocol is also categorized based on who initiates the communication

request. In the receiver initiated type, the receiver initiates a request to the sender without
knowing if the sender has information that it wants to send to the receiver. This is a passive
way of request initiation. Only one control message is utilized. Examples of receiver initiated

protocols are multiple accesses with collision avoidance by Invitation (MACA-BI) etc.

4.5.4 MANET MAC Protocols ‘‘Sender Initiated *’
In the sender initiated MAC protocols, the sender-initiate the communication request. The

sender informs the receiver that it has a data to send. The sender sends a request-to-transmit
message to the receiver. The receiver in turn, sends to the sender a clear-to-send messaging
implying that the sender is free to send the data. Examples of sender-initiated MAC protocols
are multiple access with collision avoidance with acknowledgement (MACAW), floor

acquisition multiple access (FAMA) etc.

48  MAC Protocols for MANET
MANET makes use of the MAC protocols in order to carry out their operations. These

protocols are sets of rules that allow the MANET to run efficiently.

4.8.1 Multiple Access with Collision Avoidance (MACA)
MACA is triggered with a three-way handshake. The sender sends a RTS message to the

receiver, so that a channel can be reserved for the data transmission to the receiver. The

neighbouring MDs around the sender are automatically blocked from the transmitting

message to the same receiver. The receiver in turn sends a CTS message to the sender and at

the same time, neighbouring MDs are blocked from transmitting data to the sender. This is

done to avoid collision of data. There is no carrier sensing in MACA, hence there is tendency
12



of collision occurrence during the RTS-CTS phase. Slot time for MACA is the period RTS
packet is sent. Multiple RTS packets are sent by mobile devices, at the end only one MD will
receive the CTS message. This grants the MD that receives the CTS message to commence
with data communication session, while others MDs will be blocked from transmitting data.
Figures 4 below, show the three-way handshake utilized in MACA protocol in MANET

|
® @

Figure 4: Three-way Control Handshake utilized in MACA
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4.8.2 Multiple Access with Collision Avoidance by Invitation (MACA-BI)
MACA-BI uses a two-way handshake and it incorporates RTS packet. CTS message is called

ready-to-receive (RTR) message. In MACA-BI, a mobile device does not transmit data unless
it has been invited by the receiver. The receiver always assumes that the sender has data to be
sent. This process is repeated all the time and this can deteriorate the communication

performance of the network.

The turnaround time in transmit / receive of MACA-BI is greatly reduced. MACA-BI uses a
single control message. MACA-BI suffers less control packet collision than MACA because
it makes use of half as many control packets as MACA. Figure 5 below shows the two-way
control handshake in MACA-BI.
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Figure 5: Two-way Control Handshake in MACA-BI
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4.8.3 Power-Aware Multiple Access with Signalling (PA-MAS)
PAMAS has the same concept of MACA MAC protocol with an additional signalling

channel. PAMAS has the ability to minimized battery consumption rate by selectively
powering off mobile devices that are not participating in the transmission and reception
packets session. The sender sends an RTS message to the receiver and enters into wait-for-
CTS state. If the CTS message does not arrive on time, then the sender goes to a binary
exponential back off state. When the CTS message arrives, the sender will now go into
transmit-data state. The receiver in turn sends the CTS message to the sender and switch to
await-data state. Upon receiving the data, the receiver starts to transmit a busy tone over the
signalling channel and switch to receive-data state.

4.8.4 Dual Busy Tone Multiple Access (DBTMA)
The busy tone in DBTMA informs neighbouring mobile devices that there is an on-going

transmission process. The shared channel is splitter into two, data and control channels. The
data packets are transmitted via the data channel and the control packets (RTS and CTS) are
transmitted via the control channel. The two busy tones indicate transmission and reception in
progress. The sender sends RTS message to the receiver. The receiver in return sends CTS
message along with a receive-busy tone message. Neighbouring nodes that hear the tone are
restricted from transmission. The sender upon receiving the CTS message, it transmits the
data along with a transmit-busy tone message. The transmit-busy tone message alerts and

prevents neighbouring nodes from transmission.

4.9  Applications of MANET
MANET has a vast scale of usage because of its flexibility. MANET can be used in the

office. A personal digital assistant (PDA) can be synchronized with a desktop in the office for
the transfer of files, emails. MANET can also play an important role at home. A user’ ad hoc
device can communicate with the one at home to aid unlocking the doors, activate lights on
getting home. Others application of MANET are automatic flight check-in; no waiting in line,

acquiring traffic information in the car to avoid traffic congestion etc.
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CHAPTER FIVE

OVERVIEW OF ROUTING PROTOCOLS FOR MANET

51 Introduction
Routing in ad hoc networks has become an interesting area of research within industrial and

academic circus. Several routing protocols have been designed for multi-hop ad hoc
networks. These protocols cover a wide range of design choices and approaches, from simple
modifications of internet protocols, to more complex multi-level hierarchical schemes.
Although the ultimate end goal of a protocol may be operation in large networks, most

protocols are typically designed for moderately sized networks of 10 to 100 nodes.

Before describing the different routing approaches and example protocols, it is necessary to
explain the developmental goals for an ad hoc routing protocol so that the design choices of
the protocols can be better understood [14]. The design choices should be adapted in relation
to the defining characteristics of ad hoc networks which comprises poor devices, limited
bandwidth, high error rates, and a continually changing topology. The following are the

design goals for MANET routing protocol according to [14]:

e Minimal control overhead. Control messaging consumes bandwidth, processing
resources, and battery power in transmitting and receiving a message. Because
bandwidth is at a premium, routing protocols should not send more than the
minimum number of control messages they need for operation. They should be
designed in such a way that the control message threshold is relatively low. While
transmitting is roughly twice as power consuming as receiving, both operations are
still power consumers for the mobile devices, thus reducing control messaging also

helps to conserve battery power.

e Minimal processing overhead. Algorithms that are computationally complex require
significant processing cycles in devices. Because the processing cycles cause the
mobile device to use resources, more battery power is consumed. Protocols that are
lightweight and require a minimum of processing from the mobile device reserve

battery for more user-oriented tasks and extend the overall battery life time.
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Multi_hop routing capability. Because the wireless transmission range of mobile
nodes is usually limited, source and destination nodes may typically not be within
direct transmission range of each other. Hence, the routing protocol must be able to
discover multi_hop routes between source and destination nodes so that

communication between these nodes is possible.

Dynamic topology maintenance. Once a route is established, it is likely that some
link in the route will break due to node mobility. In order for a source to
communicate with a destination, a viable routing path must be maintained, even
while the intermediate nodes or even the source or destination nodes are mobile.
More so, because link breaks in ad hoc networks are very common, link breaks must

be handled quickly with a minimum of associated overhead.

Loop prevention. Routing loops occur when some node along a path selects a next
hop to the destination that is also a node that occurred earlier in the path. When a
routing loop exists, data and control packets may transverse the path multiple times
until either the path is fixed and the loop eliminated, or until the time to live (TTL)
of the packet reaches zero. Because bandwidth is limited and packet processing and
forwarding is expensive, routing loops are extremely wasteful of resources and are
detrimental to the network. Even a transitory routing loop will have a negative

impact on the network. Therefore, loops should be avoided at all times.

The limited resources in MANET have made designing of efficient and reliable routing
protocols a very challenging task. An intelligent routing protocol is required to efficiently use
the limited resources while at the same time being adaptable to the changing network
conditions such as network size, traffic density and network partitioning. In the same way,
the routing protocol may need to provide different levels of Quality of Service (QoS) to

different types of applications and users [15].

With the design goals described in the preceding section in mind, numerous routing protocols
have been developed for ad hoc networks. There are far too many proposed routing protocols
than can be discussed in this section. Therefore, this section describes the characteristics of
classes of routing approaches, and subsequently describes the operations of particular routing

protocols within those classes.
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5.2  Proactive Routing Protocols.
The proactive routing protocols designed for ad hoc networks are derived from the traditional

distance vector and link state protocols developed for use in wire-line internet. The primary
characteristic of proactive protocols is that each node in the network maintains a route to
every other node in the network at all times. Route creation and maintenance are
accomplished through some combination of periodic and event-triggered routing updates.
Periodic updates consist of routing information exchanges between nodes at set time
intervals. The updates occur at specific intervals, regardless of the mobility and traffic
characteristics of the network. On the other hand, event-triggered updates are transmitted
whenever some event, such as a link addition or removal, occurs. The mobility rate directly
affects the frequency of event-triggered updates because link changes are more likely to

occur as mobility increases.

Proactive approaches have the advantage of readily available routes the moment they are
required. Because each node consistently maintains an up-to-date route to every other node in
the network, a source can simply check its routing table when it has data packets to send to
some destination and begin packet transmission. However, the primary disadvantage of these
protocols is that the control overhead can be significant in large networks or in networks with
rapidly moving nodes. Proactive protocols tend to perform well in networks where there is a
significant number of data sessions within the network. In these networks, the overhead of
maintaining each of the paths is justified because many of these paths are utilised, in the

following sub-sections, we describe some proactive routing protocols.

5.2.1 Destination-Sequenced Distance Vector Routing (DSDV).
The DSDV protocol is a distance vector protocol that implements a number of customisations

to make its operation more suitable for MANET. DSDV utilises per-node sequence numbers
to avoid counting to infinity problem common in many distance vector protocols. The
sequence number of a node is usually increased by that node when there is a change within
the node’s neighbourhood. When given a choice between two routes to a destination, a node
always selects the route with the greater destination sequence number. This ensures the

utilisation of the most recent information.

Because DSDV is a proactive routing protocol, each node maintains a route to every other
node in the network. The routing table of a typical node in DSDV routing contains the
following information for each entry: destination IP address, destination sequence number,
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next-hop IP address, hop count, and install time. DSDV utilises both periodic and event-
triggered routing table updates. Every time interval, each node broadcasts to its neighbours its
current sequence number, along with any routing table updates. The routing table updates in
DSDV are of the form: <destination IP address, destination sequence number, hop count>.
After receiving an update message, the neighbouring nodes utilise this information to
compute their routing table entries using an iterative distance vector approach. In addition to
periodic updates, DSDV also utilises event-triggered updates to announce important link
changes, such as link removals. Such event-triggered updates ensure timely discovery of

routing path changes.

DSDV implements two primary optimisations to improve performance in mobile networks.
The first is that it defines two types of updates namely: full and incremental updates. Full
updates are transmissions of a node’s entire routing table, while incremental updates include
only those routing table entries that have changed size since the last full update. The other
optimisation is the implementation of a mechanism to damp routing fluctuations. In spite of
these optimisations, DSDV still introduces large amounts of overhead to the network due to
the requirement of the periodic update messages. Consequently, the protocol will not scale in
large networks since a large portion of the network bandwidth is used in the updating

procedures [15].

5.2.2 Optimised Link State Routing (OLSR)
The Optimised Link State Routing (OLSR) protocol is a variation of the traditional link state

routing, modified for improved operation in ad hoc networks. In OLSR approach, each node
maintains topology information about the network by periodically exchanging link-state
messages. The usefulness of OLSR is that it minimises the size of each control message and
the number of rebroadcasting nodes during each route update by employing Multi-Point
Relaying (MPR) strategy. To achieve this, during each topology update, each node in the
network selects a set of neighbouring nodes to retransmit its packets. This set of nodes is
called the Multi-Point Relays of that node. To select the MPRs, each node periodically
broadcasts a list of its one hop neighbours using HELLO messages. Each node selects some
of the one hop neighbours from the HELLO messages, which covers all of its two hop
neighbours. For instance, in figure 6, node S can select nodes A, B, C and D to be the MPR
nodes, since these nodes cover all the nodes, which are two hops far off. The optimal path to
every known destination is determined by each node by use of the topology information, and
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this information is stored in a routing table. Thus, routes to every destination are readily

available when data transmission starts.

o

—O
—O

Figure 6: Multipoint Relays

5.2.3 Cluster-head Gateway Switch Routing (CGSR)
The CGSR protocol is a clustering scheme that uses a distributed algorithm called the Least

Cluster Change (LCC). By aggregating nodes into cluster, controlled by cluster heads, a
framework for developing additional features for channel access, bandwidth allocation, and
routing is created. Nodes communicate with the cluster head, which in turn communicate

with other cluster heads within the network, figure 6.
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Figure 7: Cluster-head Gateway Switch Routing.

Selecting a cluster head is a very important task because frequently changing cluster heads
will have an adverse effect on the resource allocation algorithms that depend on it. Thus,
cluster stability is of paramount importance in CGSR approach. Low-power localised
Clustering, (LLC) algorithm is employed in CGSR approach. LLC is stable in that a cluster
head will change only in two conditions: when two cluster heads come within the range of
each other or when a node gets disconnected from any other cluster. CGSR is an effective
way for channel allocation within different clusters by enhancing spatial re-use. The explicit
requirement of GCSR on the link layer and MAC scheme is: each cluster is defined with
unique CDMA code and hence each cluster is required to utilise spatial reuse of codes.

Within each cluster, TDMA is used with token passing.
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Gateway nodes are defined as those nodes which are members of more than one cluster and
therefore need to be communicating using different CDMA codes based on their respective
cluster heads. The main factors affecting routing in these networks are token passing (in
cluster heads) and code scheduling (in gateways). CGSR uses a sequence number scheme, as
in DSDV, to reduce stale routing table entries and gain loop-free routes. A packet is routed
through a collection of these cluster heads and gateways in this protocol. The advantage of
this protocol is that each node only maintains routes to its cluster head, which means that
routing overheads are lower compared to flooding routing information through the whole
network. However, there are significant overheads associated with maintaining clusters. This
is because each cluster head needs to periodically broadcast its cluster members’ tables and

updates its table based on the received updates.

5.2.4 Global State Routing (GSR)
The GSR is based on the traditional link state algorithm with an improved way of information

dissemination. This is achieved by restricting the update messages between intermediate
nodes only. Each node in GSR maintains a link state table based on the up-to-date
information received from neighbouring nodes, and periodically exchanges its link state
information with only the neighbouring nodes. This can significantly reduce the number of
control message transmitted through the network. The size of update messages can be
relatively large and as the size of the network grows, the update messages will get even

larger. Thus, a considerable amount of bandwidth is consumed by them.

5.2.5 Wireless Routing Protocol (WRP)
WRP is among the first set of work on routing algorithms which is similar to the Distributed

Bellman — Ford (DBF) algorithm. In WRP, the routing table contains an entry for each
destination with the next hop and a cost metric. The route is chosen by selecting a neighbour
node that would minimise the path loss. Link costs are also defined and maintained in a

separate table, and various techniques are available to determine these link costs.

Routing update packets have to be frequently sent in order to maintain the routing tables. The
update messages are sent only to the neighbour set of a node and contain all the routes which
the node is aware of. Only the recent path changes are sent in these messages and of course,
not the whole routing table. To keep the links updated, empty HELLO packets are sent at
periodic intervals only if no other update messages need to be sent. These HELLO packets
are not required to be acknowledged specifically.
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5.2.6 Source-Tree Adaptive Routing (STAR)
The STAR is an effective table-driven protocol based on the link state algorithm. Each node

in STAR maintains a source tree which contains preferred links to all possible destinations.
Up-to-date tables are maintained by nearby source trees by the exchange of information. A
route selection algorithm is executed based on the propagated topology information to the
neighbours. The routes are maintained in a routing table containing entries for the destination

node and the next hop neighbour.

Link State Update (LSU) messages are used to update changes of the routes in the source
trees. Since these packets do not experience timeout, no periodic messages are required.
STAR protocol provides two distinct approaches: Optimum Routing Approach (ORA) and
Least Overhead Routing Approach (LORA). ORA obtains the shortest path to the destination
while LORA minimises the packet overhead. Star also requires a neighbour protocol to
ensure that each node is aware of its active neighbours. It scales well in large networks as a
result of the significant reduction in bandwidth consumption for the routing updates while at
the same time reducing latency by using predetermined routes. Conversely, this protocol may
have significant memory and processing overheads in large and highly mobile networks. This
is because each node is required to maintain a partial topology graph of the network which

may change frequently as the neighbours keep reporting different source trees.

5.3 Reactive Routing Protocols
Reactive routing techniques, also known as on-demand routing, take a very different

approach to routing than proactive routing approaches. A large percentage of the overhead
from proactive protocols stem from the need for every node to maintain a route to every other
node in the network at all times. In a wired network, where connectivity patterns change
relatively infrequently and resources are abundant, maintaining full connectivity graphs is a
worthwhile expense. A route is readily available whenever it is needed at the expense of
enormous routing overhead. In ad hoc networks, however, link connectivity can change
frequently and control overhead is very costly. Because of these reasons, reactive routing
protocols take a departure from traditional internet routing approaches by not continuously
maintaining routes between all pairs of network nodes. Instead, routes are only discovered
whenever they are actually needed. When a source node needs to send data packets to some
destination, it checks its route table to determine whether it has a route. If no route exists, it

performs a route discovery to find a path to the destination. Hence, route discovery, which is
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the flooding of the whole network with route request messages, is carried out on-demand. If
two nodes never need to talk to each other, then they do not need to utilise their resources
maintaining a path between each other. To reduce overhead, the search area may be reduced
by a number of optimisations.

The merit of this approach is that control and signalling overheads are most likely to be
reduced compared to proactive protocols, particularly in networks with low to moderate
traffic loads. When the number of data sessions in the network becomes high, then the
overhead generated by the route discoveries becomes high, and may even surpass that of the

proactive routing approaches.

The major disadvantage of this approach is the introduction of route acquisition latency. That
IS, when a route is needed by a source node, there is some finite latency while the route is
being discovered. In contrast, with a proactive protocol, routes are typically available the
moment they are needed, implying that there is no delay to begin the data session. The

following sub-sections give a description of the major reactive routing protocols.

5.3.1 Dynamic Source Routing (DSR)
One of the most widely referred routing algorithms is the DSR protocol. DSR, as with most

other reactive routing protocols, has two basic mechanisms for its operation, namely; route

discovery and route maintenance.

Route discovery contains both route request RREQ and route reply RREP messages. In route
discovery phase, when a node wishes to send a message, it first broadcasts an RREQ packet
to its neighbours. Every node within the broadcast range adds their node ID to the RREQ
packet and rebroadcasts. Eventually, one of the broadcast messages will reach either the
destination or a node that has a recent route to the destination. Since each node maintains a
route cache, which is a buffer for discovered routes by a node, it first checks its cache for a
route that matches the requested destination before rebroadcasting the RREQ packet.
Maintaining a route cache in every node reduces the overhead generated by a route discovery
phase. If a route is found in the route cache, then the node will return an RREP message to
the source node rather than forwarding the RREQ message further in the network. The first
packet that reaches the destination node will have a complete route. DSR assumes t. hat the
path obtained is the shortest since it takes into consideration the first packet to arrive at the

destination node. An RREP packet is sent to the source that contains the complete route from
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itself to the destination. Thus, the source node knows its route to the destination node and can

initiate routing of data packets. The source node caches this route in its route cache.

Figure 8, shows a diagrammatic depiction of the route discovery phase. In the figure, there
are four nodes; A, B, C and D where nodes A and D are the source and destination nodes
respectively. When A wants to send data packets (DP), it first checks its route cache whether
it has a direct route to D. If it does not find a route to D, it then broadcasts an RREQ message
to its neighbours. When B receives the RREQ message, it stores the route AB and also checks
if it has a route to D in its route cache. If it finds a route to D, it sends an RREP message to A
which in turn initiates the sending of the data packet to D via the discovered route. If B does
not find a route to D in its cache, it rebroadcasts the RREQ message to its neighbours. The
process continues until the RREQ message reaches D, assuming no intermediate node has a
route to D. When the RREQ message gets to D, it stores routes AB, BC, and CD in its cache
and forwards an RREP message to A which on reception of the message commences the

sending of data packet through the discovered route.

Source RREQ(A) [ RREQ(A,B) RREQ(A,B,C) [ Destination

A e B -~ C -

j RREP(A,B,C,D) RREP(A,B,C,D) RREP(A,B,C,D)
DP(A,(B),C,D) ' DP(A,B,(C),D) DP(A,B,C,(D)) '

Figure 8: Route discovery mechanism in DSR
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In route maintenance phase, two types of packets are used, namely; route error (RERR), and
acknowledgements (ACK). DSR ensures the validity of the existing routes based on the ACK
received from the neighbouring nodes that data packets have been transmitted to the next hop
successfully. Acknowledgement packets also include passive acknowledgements as the node
overhears the next hop neighbour forwarding the packet en route to the destination. An
RERR packet is generated when a node encounters an obstruction in transmission, implying
that a node has failed to receive an ACK message. This RERR packet is sent to the source
node in order for it to re-initiate a new route discovery phase if an alternative route to the
destination cannot be found. Upon receiving the RERR message, nodes remove the route
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entries that use the broken link from their route caches. An example route maintenance
mechanism is shown in figure 9. In the figure, when C does not receive an ACK message
from the destination node, D, it senses an obstruction along route CD and sends an RERR
message to the source node, A, which seeks for an alternative route to forward data packets to

D, or rather embarks on a fresh route discovery process if there are no alternatives.

j RERR(C-D)
DP(A,(B),C,D)

Figure 9: Route maintenance mechanism in DSR protocol.
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One distinguishing characteristic of DSR from other on-demand routing protocols is the fact
that DSR’s cache entries need not have lifetimes. Once a route is placed in the route cache, it
can remain there until it fails. However, timeouts, capacity limits and cache replacement
policies have been shown to improve DSR’s performance. These will be discussed in details
later in this chapter. Furthermore, DSR nodes have the option of promiscuous listening,
whereby nodes can receive and process data and control packets that are not addressed, at the
MAC layer, to themselves. Through promiscuous listening, nodes can utilise the source
routes carried in both DSR control messages and data packets to gratuitously learn routing
information for other network destinations. To reduce the overhead of carrying source routes
in data packets, DSR also allows flow state to be established in intermediate nodes. This flow
state effectively allows hop-by-hop forwarding with the same source-based route control as
provided by the source route.

Another distinguishing feature of DSR is that it does not require any periodic beaconing (or
HELLO message exchanges), therefore nodes can enter sleep mode to conserve their power.
This also serves a considerable amount of bandwidth in the network.

5.3.2 Ad hoc On-demand Distance Vector (AODV)
AODV routing protocol is developed as an improvement to DSDV routing algorithm. The

purpose of DSDV is to reduce the number of broadcast messages sent throughout the
network. This is achieved by discovering routes on-demand instead of keeping a complete

up-to-date route information.
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A source node seeking to send a data packet to a destination node checks its route table to see
if it has a valid route to the destination node. If a route exists, it simply forwards the packets
to the next hop along the way to the destination. On the other hand, if there is no route in the
route table, the source begins a route discovery process. It broadcasts an RREQ packet to its
immediate neighbours until the request packet reaches either an intermediate node with a
route to the destination or the destination itself. This RREQ packet contains the IP address of
the source node, current sequence number, the IP address of the destination node and the last
known sequence number. The RREQ packet also contains a hop count, initialised to zero, and
an RREQ ID. The RREQ ID is a per-node, monotonically increasing counter that is
incremented each time the node initiates a new RREQ. In this way, the source IP address,
together with the RREQ ID, uniquely identifies an RREQ and can be used to detect

duplicates.

When a neighbouring node receives an RREQ packet, it first creates a reverse route to the
source node. The node from which it receives the RREQ is the next hop to the source node,
and the hop count in the RREQ is incremented by one to get the hop distance from the
source. The node subsequently checks whether it has an active route to the destination. If it
doesn’t have a valid route to the destination, it simply rebroadcasts the RREQ, with the
incremented hop count value, to its neighbours. In this manner, the RREQ floods the network
in search of a route to the destination. Figure 10 illustrates the RREQ flooding procedure. An
intermediate node can reply to the route request packet only if it has a destination sequence
number that is greater than or equal to the number contained in the RREQ packet header.
When the intermediate nodes forward RREQ packets to their neighbours, they record in their
route tables, the address of the neighbour from which the first copy of the packet has come
from. This recorded information is later used to construct the reverse path for the RREP
packet. If the same RREQ packets arrive later on, they are discarded. When the RREP packet
arrives from the destination or the intermediate node, the nodes forward it along the
established reverse path and store the forward route entry in their route table by the use of

symmetric links.
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Route maintenance is required if either the source or the intermediate node moves away. If a
source node becomes unreachable, it simply re-initiates the route discovery process. If an

intermediate node moves, it sends a link failure notification message to each of its upstream
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neighbours to ensure the deleting of that particular part of the route. Once the message
reaches the source node, it then re-initiates the route discovery process. Local movements do
not have global effects, as was the case in DSDV. The stale routes are discarded; as a result,
no additional route maintenance is required. AODV has a route aging mechanism, however, it
does not find out how long a link might be alive for routing purposes. The latency is
minimised by the avoidance of the use of multiple routers. AODV combines unicast,
multicast, and broadcast communications. It uses only symmetric links between neighbouring
nodes. AODV provides both a route table for unicast routes and a multicast route table for
multicast routes. Destination sequence numbers are used to ensure that all routes are loop-
free, and the most current route information is used whenever route discovery is executed.

AODV deletes invalid routes by the use of a special route error message.

5.3.3 Temporally Ordered Routing Algorithm (TORA)
TORA is adaptive and scalable routing algorithm based on the concept of the link reversal. It

finds multiple roots from source to destination in a highly dynamic mobile networking
environment. An important design concept of TORA is that control messages are localised to
a small set of nodes nearby a topological change. Nodes maintain routing information about
their immediate one hop neighbours. TORA has three basic functions namely; route creation,

route maintenance and route erasure.

Nodes use a “height” metric to establish a Directed Acyclic Graph (DAG) rooted at the
destination during the route creation and route maintenance phases. The link can be either an
upstream or downstream, based on the relative height metric of the adjacent nodes. TORA’s
metric contains five elements: the unique node ID, logical time of a link failure, the unique
ID of a node that defined the new reference level, a reflection indicator bit, and a propagation

ordering parameter.

Route maintenance is necessary when any of the links in DAG is broken. The strength of this
protocol is the way it handles link failures. TORA’s reaction to link failures is so optimistic
that it will reserve the links to re-position the DAG for searching an alternative path.
Effectively, each link reversal sequence searches for alternative routes to the destination. This
search mechanism generally requires a “single pass” of the distributed algorithm since the
routing tables are modified simultaneously during the outward phase of the search
mechanism. Other routing protocols such as LMR (Light-weight Mobile Routing) use two-

pass whereas both DSR and AODV use three-pass procedure. TORA achieves its single-pass
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procedure with the assumption that all the nodes have synchronised clocks, through GPS, to
create a temporal order of topological change of events. One drawback of TORA is that the

algorithm may also produce temporary invalid routes.

5.3.4 Associativity-Based Routing (ABR)
ABR uses the property of associativity to decide on which route to choose. In ABR, route

stability is the most important factor in selecting a route. Routes are discovered by
broadcasting a “broadcast query” request packets. With the assistance of these packets, the
destination becomes aware of all possible routes between itself and the source. Based on

these available routes, a path is selected using the associativity property of these routes.

The ABR protocol maintains a degree of associativity by using a mechanism called
associativity ticks. According to this mechanism, each node in the network maintains a tick
value for each of the neighbours. Every periodic link layer HELLO message increases the
tick value by one each time it is received from a neighbour. Once the tick value reaches a
specified threshold value, the route will then be considered as being stable. If the neighbour
goes out of the range, then the tick value is reset to zero. Hence, a tick level above the

threshold value is an indication of a rather stable association between these two nodes.

Once a destination has received the broadcast query packets, it has to decide which path to
select by checking the tick-associativity of the nodes. The route with the highest degree of
associativity is selected since it is considered the most stable of the available routes. ABR is
quiet an effective algorithm in selecting routes because it focuses on the route stability to a
great extent. However, some inherent disadvantages include memory requirements for the
routing tables; excessive storage needs for storing the ticks and an additional computation to

maintain the tick count along with greater power demands.

5.3.5 Signal Stability-based Adaptive routing (SSA)
SSA routing is a descendent of ABR. The main routing criterion is the signal and location

stability. The basic routing framework is similar to any standard on-demand routing protocol
and signal strength, otherwise known as link quality, between neighbouring nodes plays a

major role in the route selection process in SSA protocol.

There are two sub-protocols within the SSA protocol known as the Dynamic Routing
Protocol (DRP) and the Static Routing Protocol (SRP). The DRP interacts with the network
interface device driver dealing with signal strengths to determine the actual strength of a
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received signal. Using this signal information, the DRP maintains a signal stability table that
categorises each link with the neighbouring nodes as strong or weak. This table is updated
with every new packet received. For example, if a HELLO packet is received, the signal
strength is monitored and the signal stability table is upgraded, whereas for other packets,
such as route update packets, data packets, etc, the packet is sent to the SRP for further
processing. The SRP performs the routine tasks such as forwarding packets according to the

existing routing table, replying to route requests, and so on.

The RREQ is given an option on the type of link it requests — that is, strong, weak or a
combination of both. If the RREQ specifies only strong links, all the RREQ packets coming
from a perceived weaker link are dropped. Thus, the final discovered path consists of only
strong links. If there are multiple paths from source to destination using strong links, the
destination can choose among them. The destination can simply choose the first RREQ it
receives. If however, no strong links are found, the protocol could fall back on other available

weaker links.

Two enhancements to the selection process are proposed in SSA. In the first case, the link
strength (strong or weak) is added for each hop into the RREQ packet and then forwarded
toward the destination. In this case, the destination does not select the first RREQ packet
received, but waits for a period of time to choose the best route among all the RREQs within
a set time interval. The second improvement suggests that any intermediate node can make an
unnecessary RREP for a route it already has prior information about.

The SSA protocol uses similar scheme as the ABR protocol to determine the reliability of
links before selecting a particular route. While SSA uses signal strength, ABR uses
associativity ticks; however, the objective of selecting a route with greatest reliability remains
the same. One disadvantage of SSA when compared to DSR and AODYV is that intermediate
nodes cannot reply to RREQs sent toward a destination, which may potentially create long
delays before a route can be discovered. This is as a result of the destination node being
responsible for selecting the route for data transfer. Another demerit of SSA is that no attempt
is made to repair routes at the point where the link failures occur. More so, in SSA, the
reconstruction occurs at the source, which may introduce extra delays, since the source must

be notified of the broken link before another one can be found.
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5.3.6 Routing On-demand Acyclic Multi-path (ROAM)
The ROAM routing algorithm uses coordination among nodes along directed acyclic sub-

graphs that are defined only on the routers’ distances to the respective destinations. This
operation is known as a diffusing computation. The main motivation comes from the fact that
conventional on-demand schemes tend to use flooding during route discovery repeatedly until
a destination is obtained. If no route is found out initially, the source does not know whether
to initiate another route discovery or not. This may be a problem when a malicious router
indefinitely queries the network for a non-existing route, thereby causing network congestion.
Standard protocols have no mechanisms to protect against such type of attacks. In ROAM
however, either a search query results in the destination path or all the routers determine that
the destination is unreachable. Each router in ROAM maintains distance routing, and link
cost tables. While the distance table maintains the distances of nodes for each destination as
the feasible distance, and the reported distance; the link cost table provides the link costs to
each of the adjacent neighbours of the router.

Queries, replies and updates are the three types of control packets used in ROAM routing
protocol. A router updates its routing table for a destination when it needs to add an entry for
a particular destination, modify its distance to the destination and erase the entry for the

destination.

The routers in ROAM are either in active or passive states. If a router has sent queries to all
its neighbours and awaiting a reply, it is in an active state; otherwise, it is in a passive state.
Selection of loop-free paths allows a router select a neighbour as its successor only if it is a
“feasible successor”. This provides the shortest loop-free path to the destination and it’s
determined by two different algorithms based on the fact that they are either passive or active.
A diffusing search is started by a router when it requests a path to a destination, and this
packet is propagated through routers that have no entry of the node. The first router that has
an available route to the destination responds to the source with the distance to the node. At
the end of this search, the source either has a finite distance to the destination or realises that
the destination is unreachable. Link costs are also updated based on the packets received.

The ROAM routing algorithm provides loop-free multipath if the successors are selected
using the passive and active successor algorithms. The very nature of this protocol makes it
suitable for wireless networks with limited mobility. However, in highly dynamic networks,

it may prevent nodes from entering sleep mode in order to conserve power.
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5.4  Hybrid Routing Protocols
Hybrid routing protocols are a new generation of protocols that combine the characteristics of

both reactive and proactive routing protocols under different scenarios. These protocols are
designed to increase scalability by allowing nodes with close proximity to work together to
form some sort of a backbone in order to reduce the route discovery overheads. This novelty
is mostly achieved by proactively maintaining routes to near nodes and determining routes to
far away nodes using a route discovery strategy. Hybrid routing protocols are predominantly
zone or cluster based. This section describes a number of different hybrid routing protocols
proposed for MANET.

5.4.1 Zone Routing Protocol (ZRP)
ZRP is a well known hybrid protocol that is most suitable for large-scale networks. Its name

is derived from the use of “zones” that define the transmission radius for every participating
node. This protocol uses a proactive mechanism of node discovery within a node’s immediate

neighbours, while inter-zone communication is carried out by using reactive approached.

ZRP utilises the fact that node communication in ad hoc networks is mostly localised, thus
the changes in the nodes topology within the vicinity of a node are of primary importance.
ZRP makes use of this characteristic to define a framework for node communication with
other existing protocols. Local neighbourhoods, called zones are defined for nodes. The size
of a zone is based on a factor defined as the number of hops to the perimeter of the zone.
There may be various overlapping zones, which helps in route optimisation.

Neighbour discovery is accomplished by either IntrAzone Routing Protocol (IARP) or simple
HELLO packets. IARP is a proactive approach and always maintains up-to-date routing
tables. Since the scope of IARP is restricted within a zone, it is also referred to as a “limited
scope proactive routing protocol”. Route queries outside the zone are propagated by the

RREQs based on the perimeter of the zone instead of flooding the network.
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The IntErzone Routing Protocol (IERP) uses a reactive approach for communicating with
nodes using the Bordercast Resolution Protocol (BRP). Since a node does not resend the
query to the node in which it received it originally, the control overhead is thus significantly

reduced and redundant queries are also minimised.

ZRP provides a hybrid framework of protocols, which enables the use of any routing strategy
according to various situations. It can be optimised to take full advantage of the strengths of

any current protocols. The ZRP architecture is shown figure 13.

5.4.2 Fisheye State Routing (FSR)
FSR is a hierarchical routing protocol which aims at reducing control packet overhead by

introducing the multi-level scopes. It is essentially a table-driven protocol that implements

the “fisheye” technique. This fisheye technique is very effective in reducing the size of
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information required to represent graphical data. It uses the concept that the eye of a fish
captures, with greater detail, the view nearer to the focal point while detail decreases as the

distance to the focal point increases.

FSR is similar to link state routing, because it maintains a routing table at each node. The
only difference is the way these tables are maintained. FSR introduces the “scopes” concept,
which depends on the number of hops a packet travels from its source. A higher frequency of
update packets are generated for nodes within smaller scope whereas for farther-away nodes,
updates are fewer in general. Each node maintains a local topology map of the shortest paths

which is exchanged periodically among nodes.

FSR allows distinct exchange periods for different entries in the routing tables. These scopes
are considered based on the distance between each node and the source. The foremost benefit
of FSR is the reduction of message size, since the routing information of the far-away nodes
is omitted. With an increase in size of the network, a “graded” frequency update plan can be
adopted across scopes to minimise the overall overhead. Thus, this protocol scales well to
large size of networks while keeping the control overhead low without compromising on the
accuracy of route calculations. Routes to farther destinations may seem stale; however, they

become increasingly accurate as a packet approaches its destination.

5.4.3 Landmark Ad hoc Routing (LANMAR)
This protocol combines properties of link state and distance vector algorithms and builds

subnets of groups of nodes which are likely to move together. A “landmark™ node is elected
in each subnet, similar to FSR. The key difference between the FSR protocol and the
LANMAR protocol is that the LANMAR table consists of only the nodes within the scope

and landmark nodes, whereas FSR contains the entire nodes in the network in its table.

During the packet forwarding process, the destination is checked to see if it’s within the
forwarding node’s neighbour scope; if so, the packet is directly forwarded to the address
obtained from the routing table. On the other hand, if the packet’s destination node is much
farther, the packet is first routed to its nearest landmark node. As the packet gets closer to its
destination, it acquires more accurate routing information. Thus, in some cases, it may bypass
the landmark node and become routed directly to its destination. The link state update process
is again similar to the FSR protocol. Nodes exchange topology updates with their one-hop

neighbours. A distance vector, which is calculated based on the number of landmarks, is
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added to each update. As a result of this process, the routing tables’ entries with smaller

sequence numbers are replaced with larger one.

5.4.4 Relative Distance Micro-discovery Ad hoc Routing (RDMAR)
RDMAR attempts to minimise the routing overheads by calculating the distance between the

source and the destination, therefore limiting each route request packet to certain number of
hops. RDMAR protocol is very similar to existing reactive protocols since it uses the two
standard phases of route discovery and route maintenance. However, route discovery
broadcast messages are limited by a maximum number of hops which is calculated using the
relative distance between the source and destination. Each node also maintains a routing table
that contains: the next hop neighbour of each known destination; an estimated relative
distance between all known source and destination nodes; a timestamp at which the current
entry was made; a timeout field indicating the time at which a particular route is no longer

active; and a flag specifying if a route still exists or not.

The estimated distances are measured by the source nodes using: the last known distance
between the respective nodes; the last time when the route was updated; and also the
estimated speed of the destination node. Each node also maintains two other data structures: a
data transmission buffer — that queues data being transmitted until an explicit
acknowledgement is received and a route request table — that stores all necessary information

which pertains to the most recent route discovery.

Route discovery is carried out by broadcasting route request packets and expecting a route
reply packet from the destination. Each node also occasionally probes for bidirectional links
by sending a packet on the link where it has just received a packet. Route maintenance is
performed when a route failure occurs and the node resends the data up to a maximum
number of retries. This is why the intermediate nodes buffer data packets until they receive
link level acknowledgements from the next hop node. When a node link fails at an
intermediate node close to the destination, this node sets the “emergency” flag in its route
request packets such that it increases the possibility of a faster recovery time. If however, the
route has completely failed, the intermediate node forwards a “failure notification” to the
source node by unicasting it to all neighbouring nodes involved. When a node receives a

failure notification, it updates its routing table accordingly.
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5.4.5 Scalable Location Update-based Routing Protocol (SLURP)
SLURP focuses on developing architecture scalable to large networks. A location update

mechanism maintains location information of the nodes in a decentralised fashion by
mapping node IDs to specific geographic sub-regions of the network where any node located
in this region is responsible for storing the current location information for all the nodes
situated within the region. When a source wishes to send a packet to a destination, it first
queries nodes in the same geographic sub-region of the destination to get an estimate of its
position. It then uses a simple geographic routing protocol to send the data packets. Since the
location update cost is dependent on the speed of the nodes; for high speeds, a larger number
of location update messages are generated.

55  Geographical Routing Protocols
Geographical routing protocols for MANET assume that the individual nodes are aware of

the locations of all the nodes within the network. The easiest and best technique is the use of
the Global Positioning System (GPS) to determine exact coordinates of these nodes in any
geographical location. This location information is then utilised by the routing protocol to
determine the routes. There are so many proposed geographical routing protocols. Below is a

description of some of the prominent ones among them.

55.1 Location-Aided Routing (LAR)
The LAR protocol suggests an approach that utilises location information to minimise the

search space for route discovery toward the destination node. The aim of this protocol is to
reduce the routing overhead for the route discovery phase. LAR uses GPS to obtain the

location information of a node.

Once the source node knows the location of the destination node and also has some
information of its mobility characteristics such as the direction and speed of movement of the
destination node, the source sends route request to nodes only in the “expected zone” of the
destination node. Since these route requests are flooded throughout the nodes in the expected
zone only, the control packet overhead is considerably reduced. If the source node has no
information about the speed and the direction of the destination node, the entire network is

considered as the expected zone.

Before sending a packet, a source node determines the location of the destination node and
defines its “request zone”, the zone in which it initiates flooding with the route request

packets. In some cases, the nodes outside the request zone may also be included. If the source
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node is not inside the destination node’s expected zone, the request zone has to be increased
to accommodate the source node. Two schemes are defined in LAR to identify whether a

node is within the request zone.

In the first scheme, the source node simply includes the smallest rectangle containing the
current location of the source nodes and the expected zone of the destination node based on
its initial location and current speed. The speed factor may be varied to either include the
current speed or the maximum obtainable speed within the network. This expected zone will
be a circle centred at the initial location of the destination node with a radius dependent on
the speed of its movement. The source node sends the route request packets with the
coordinates of the entire rectangle. The nodes receiving these packets check to see whether
their own locations are within the zone. If so, they forward the packet using the regular
flooding algorithm; otherwise, the packets are simply dropped.

In the other scheme, the source node calculates the distance between itself and the destination
node based on the GPS coordinates and includes these values within the route request
packets. An intermediary node receiving this packet calculates its distance from the
destination. If its distance from the destination is greater than that of the source, then the
intermediary node is not within the request zone and hence drops the packet. Otherwise, it

forwards the packet to all its neighbours.

LAR essentially describes how location information such as GPS can be used to reduce the

routing overhead in MANET and ensures maximum connectivity.

5.5.2 Distance Routing Effect Algorithm for Mobility (DREAM)
DREAM protocol is another location-based MANET protocol that utilises the node location

information from GPS for communication. DREAM is partly proactive and partly reactive
protocol where the source node sends the data packet in the direction of the destination node
by selective flooding. In DREAM, only the data packets are forwarded to the next hop
neighbour, not the control packets. This characteristic markedly differentiates DREAM from
other location-based protocols. Each node maintains a table of the location information for
each node. The periodic location updates are distributed among the nodes to keep this
information as up-to-date as possible. Collectively updating location table entries depicts the
proactive nature of the protocol whereas the fact that all intermediate nodes in a route
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perform a lookup and forward the packet in the general direction of the destination exhibits

DREAM’s reactive characteristics.

DREAM is based on the classical observations: the “distance effect” and the “mobility
effect”. The distance effect states that the greater the distance between two nodes, the slower
they appear to move with respect to each other. Hence, the location information tables can be
updated depending on the distance between the nodes without making any concessions on the
routing accuracy. The mobility effect determines how often the location information packets
can be generated and forwarded.

In an ideal scenario, however, whenever a node moves, it should update the entire network
but not generate any packets when it’s idle. Nonetheless, a node keeps generating location
update packets at periodic intervals. This can be a function of the node’s mobility. Thus, the
nodes with higher mobility generate more frequent location update messages. This allows
each node to send control packets based on their mobility and helps to reduce the overhead by
a great extent. DREAM is not affected by packets delays, like other reactive protocols, since
it does not need any route discovery procedure. The DREAM approach is both energy and
bandwidth efficient because control message generation is optimised with respect to node

mobility. Besides, it is also loop-free, robust and adaptive to mobility.

5.6  Caching Strategies for the Dynamic Source Routing Protocol.
The Dynamic Source Routing (DSR) protocol is the protocol of choice in our thesis. It is a

simple but very effective routing protocol for MANET. In this section we intend to take a
closer look at some of the peculiar features of DSR protocol with regards to it caching

mechanism.

5.6.1 Cache organisation
One major advantage of DSR protocol is the availability of a caching mechanism. A cache is

basically a buffer specifically for storing routes. The caching mechanism in DSR ensures the
avoidance of wasteful route discoveries, thereby reducing control overheads and at the same
time saving enormous bandwidth and energy. When routes are discovered, they are
immediately stored in the nodes’ routes caches so that subsequent transmission of data
packets along the same routes can take place without re-initiating a fresh route discovery

process.
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One basic design choice to be made in developing a caching strategy for DSR protocol is to
determine how the cache is to be organised or structured, i.e., determining the kind of data
structure to be used to represent the cache. Two types of cache organisation can be used in
DSR namely; path cache and link cache. In path cache, a node caches a complete path from
route discovery process whereas in link cache, a node caches each link separately. A path
cache is not very complex to implement and easily ensures that all paths are loop-free, since
each individual route from an RREP is loop-free. To locate a route in a path cache, the source
node can simply search its cache for any available path that leads to the destination node.
Conversely, to locate a route in link cache, a node must utilise a much more complex search
algorithm to locate the current best route through the graph to the destination node.
Implementing such search algorithm is very difficult and might involve much CPU

processing.

5.6.2 Cache capacity
Cache capacity is the amount of routes that can be stored in the cache of any particular node.

Cache capacity is an important choice to be considered while designing a DSR protocol. For
a link cache, the obvious design choice is to allow the cache to store any links that are
discovered, since there is a fixed maximum number of N?links could exist in a mobile ad hoc
network of N nodes. However, for a path cache, the maximum storage space that could be
needed is much larger than that of link cache, since each path is cached separately and there

IS no sharing in the data structure even when two paths share a number of common routes.

5.6.3 Cache Timeout
Cache timeout is a strategy devised to deal with the route staleness in DSR caching

mechanism. It is the amount of time that a route would remain in a node’s route cache before
it would be deleted. Cache timeout predicts the life time of any particular route. Cache
timeout strategy, as with cache capacity, also introduces some design choices to be
considered while implementing the DSR protocol. Although, a path cache has a mechanism
for removing route entries via a capacity limit, for link cache, the timeout can be either static
or adaptive. In adaptive timeout, each link is removed from the cache after a certain amount
of time has elapsed since the link was added to the cache. On the other hand, in adaptive
timeout, a node decides an appropriate timeout after which an added link will be deleted from
the cache. The adaptive timeout value should be based on the properties of the link or the

nodes constituting the endpoints of the link.
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5.7

Optimisations for DSR

A lot of optimisations have been proposed for the DSR protocol. There are optimisations to

route discovery, route maintenance and caching strategies for the dynamic source routing

protocol.

5.7.1

5.7.2

Optimisation to route discovery.
Non-propagating RREQs: this optimisation attempts to avoid the initiation of a

request flooding when the destination of the packets is within the range of the source.
To achieve this, a source searching a route to a destination, broadcasts an RREQ with
the limit of propagation set to zero. In this way, the neighbouring nodes receiving this
RREQ packet are not allowed to re-broadcast it. After a certain time (30ms), if the
source does not receive an RREP packet, it re-broadcasts an RREQ with the limit of

propagation set to the maximum value.

Replying from cache: a node receiving an RREQ packet to a destination to which it
has a route maintained in its cache, is able to send an RREP to the source of the

RREQ message, instead of rebroadcasting the RREQ packet.

Gratuitous RREPs: this optimisation supposes that nodes are on promiscuous mode.
When a node overhears a transmission of a packet between two nodes and finds its
address in the source route of the packet being transmitted, it can send a
GRATUITOUS ROUTE REPLY (GRREP) to the originator of the packet with a
shorter route from the source to itself. The source of the packet can store this shorter
route in its cache and use it to send subsequent data packets. If this route breaks, the
source can reuse the previous route, since it can store more than one route to the same

destination.

Optimisation to route maintenance.
Salvaging: when an intermediate node detects that the next hop in the source route is

unreachable and it can forward the packet, it attempts to find an alternative route in its
cache. If it finds a route to the destination in its cache, it changes the source route of
the packet’s header and sends the packet using the alternative route. If it does not find
a route to the destination, it discards the packet and does not initiate a route discovery
process. In both cases, the node sends an RERR message to the source of the data

packet.
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5.7.3

Gratuitous RERRs: a source receives an RERR message indicating that a route of the
source route is broken. If the source broadcasts an RREQ packet, a neighbour not
belonging to the source route of the previous RERR might send an RREP with a new
source route, but containing the broken path. To avoid this, the source piggybacks this
RERR message on its RREQ packet. Thus, the neighbours do not generate RREPS

containing the broken path.

Optimisations to caching strategies.
Snooping: when a node forwards a data packet, it adds the route from the source to

itself. In this optimisation, it can as well “snoop” in the unprocessed part of the source

route and add to its cache, the route from itself to the destination of the data packet.

Tapping: nodes operate in promiscuous modes. Under promiscuous mode, nodes
disable the address filtering function, thus they receive every packet that they can
overhear. They extract important information from these overheard packets, such as
new routes from RREPSs or information about broken routes from RERRS.
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CHAPTER SIX

SIMULATION SCENARIO AND IMPLEMENTATION.

This chapter comprises an overview of the performance metrics upon which the evaluation of
the dynamic source routing protocol caching mechanism was based and the design concepts
of the simulation aspect of our thesis work. OPNET modeller 14.5 was used as the simulation

tool.

6.1 Performance Metrics
Two network metrics and one cache metric were evaluated in our simulation work and they

are average packet end-to-end delay, routing overhead and route discovery time.

6.1.1 Average Packet End-to-End Delay
The average packet delay of a network is the average time it takes an application on a source

node to generate a packet until the packet is received by the application layer of the
destination node. It includes delays that arise as a result of propagation and transmission
buffering for the period of the route finding, queuing at the network interface and
retransmission at the MAC layer.

6.1.2 Routing Overhead Traffic
The routing overhead traffic of a network is the amount of routing packets that is transmitted

over the network. The routing overhead determines the scalability of the protocol in the
network. It is expressed in bits per second or packet per second. Due to the mobility of the
nodes in the MANET, there is always an occurrence of link failure which leads to the
initialization of route discovery and route maintenance processes. The broadcast request
packets generated by route discovery and the route error packet generated as a result of the
link failure; will also increase the overhead packets in the network. The route overhead

depicts the effectiveness of ad hoc routing protocols.

6.1.3 Route Discovery Time
-The time taken for the dynamic source routing protocol (DSR) in the source node to

establish a route with the DSR in the destination node is called the route discovery time. The
route discovery process starts by transmitting a broadcasting request packet by the source
node. If an intermediate node does not have the route to the destination node in its route

cache, the request packet is retransmitted and at the same time the node will add its address to
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the route record of the broadcast packet. This is repeated in MANET until the broadcast
packet gets to the destination node. The destination will now send the accumulated route to

the source node. The time taken to establish this connection is the route

6.2  Simulation Scenario
The simulation was set up with the view of investigating the performance of DSR protocol

caching mechanism. Our emphases were on the effects of the route cache size and route
cache expiry time. Every other parameter was fairly kept constant for all the simulated
scenarios. The simulations were divided into twelve different scenarios with the following

network parameters as stated in the table below.

Table 1:  Simulation Network Parameters.

Scenario No. of Nodes Cache Size Route Expiry Time
(Bits) (Seconds)

Setup 1 20 5 10

Setup 2 20 10 10

Setup 3 20 15 10

Setup 4 20 10 5

Setup 5 20 10 10

Setup 6 20 10 15

Setup 7 30 5 10

Setup 8 30 10 10

Setup 9 30 15 10

Setup 10 30 10 5

Setup 11 30 10 10

Setup 12 30 10 15

Our simulation was deployed for a typical campus sized network of 700 X700 meters. The

mobile nodes were distributed uniformly in this created geographical entity. The mobile

nodes have a common traffic source generated by a MANET traffic generator and they are

WLAN mobile clients transmitting a power of 0.1W and a data rate of 11Mbps. The traffic

generator also has a data rate of 11Mbps but a transmitting power of 0.5 W. We used a

constant bit rate source because it is widely used in routing protocol comparison studies.
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Random waypoint mobility model was used for the simulation. This model ensures that the
mobile nodes are configured with mobility status. A pause time of 240 seconds and a start
time of 20 seconds were also used. The mobile nodes have a trajectory of 50 meters as
minimum and 600 meters as maximum. The trajectory record was configured for all the
nodes. We acquired data gathered by the global discrete event statistics on the routing
protocol and wireless LAN. Each of the scenarios was run for 60 minutes at the nodes speed

of 10_m/s. The simulation was conducted for three performance metrics.

6.3  Simulation Platform
-OPNET Modeler 14.5 simulator was used in our simulation. OPNET Technologies

Incorporation provides network application and management simulation platforms as well as
associated services. OPNET solution addresses application performance management
comprising network planning, engineering operations and network research and development,
R&D.

OPNET Modeler is a network modeling and simulation software solution. OPNET network
R&D solutions provide vast simulation platforms for academic research work. The simulation
and modeling tools are widely used by researchers in the evaluation and improvement of
wireless protocols e.g. WIFI, WIMAX etc; design of MANET routing protocols, analysis of
optical network designs etc. OPNET modeler 14.5 executes four phases in order to complete
a simulation process. These phases consist of modeling of the network; choosing the required
parameters; running the simulation of the created model; and viewing and analysis of results.

The simulation setup on OPNET is shown in the figure 14.
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Figure 14: An Example of 30 Nodes Simulated Network Model in OPNET
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CHAPTER SEVEN

ANALYSIS OF SIMULATION RESULTS

In this chapter, we analyze the results gathered from the simulated scenarios. The parameters
that we used for the evaluation of the network performance were clearly defined in section
6.2 of the preceding chapter. The average values of the performance and cache metrics were
collected. The parameters include the routing overhead traffic, packet end-to-end delay and
route discovery time. The evaluation of the effects of cache capacity and cache expiry time
on the DSR protocol is carried out against these parameters.

Figures 15, 16, 21 and 22 show the routing overhead traffic for both 20 and 30 nodes
scenarios which have their nodes’ route cache sizes and expiry times set to various values.
This pattern of variation of cache size and cache expiry time was carried out for both the 20
and the 30 nodes scenarios respectively. We steadily increased the cache size, in a step of 5
bits, while keeping the cache expiry time constant. From the graphs extracted and the
tabulated results, it can be observed that as the cache size increases while keeping the cache
expiry time constant, the routing overhead traffic increases exponentially and subsequently
stabilized to a maximum value. Then we steadily increased the cache expiry time while
keeping the cache size constant. For this case, we also observed that when the cache size was
kept constant at 10 bits while increasing the cache expiry time, the routing overhead traffic
were approximately the same irrespective of the amount of the cache expiry time. The 30
nodes scenarios which has a large amount of broadcast enquiry packets, route discovery
packet, route error packet due to link failures as the mobile nodes are moving from one place
to another were found to incur more overhead routing traffic than the networks made up of
20 nodes.

Figures 17, 18, 23 and 24 show the graphs for the average end-to-end delay for both 20 and
30 nodes networks. Following the same pattern of variation for the cache size and cache
expiry time, we observed that the average end-to-end delays for the various scenarios started
off at a maximum value and subsequently decrease exponentially until it stabilizes to a
minimum value. The stabilized minimum value for the average end-to-end delay is seen to
increase with increase in cache capacity at constant cache expiry time. Also, the delay is

approximately the same when the cache capacity is kept constant at 10 bits while increasing
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the cache expiry time at 5 seconds interval. More so, the stabilized minimum values for the

average end-to-end delay is higher for the 30 nodes networks when compared with the 20

nodes scenarios.

Figures 19, 20, 25 and 26 show the graphs for the average route discovery time for both 20

and 30 nodes scenarios. As with the average end-to-end delay, the average route discovery

time also increases with increase in the cache size at constant cache expiry time. There is an

infinitesimal change in average route discovery time at constant cache size with increasing

cache expiry time. Contrary to the average end-to-end delay, the average route discovery

times for the 30 nodes networks are smaller than that of the 20 nodes network. This is

because of the fact that the more the number of nodes with relevant routing information, the

smaller the average route discovery time needed to discover a route to a destination.

The tabulated results from the simulations are presented in the table 2.

Table 2: Simulation Results
No. of Cache Route Expiry | Routing Av. End- | Av. Route
Nodes Size Time Overhead | To-End Discovery
(Bits) (Seconds) Traffic Delay Time
(Bits) (Seconds) | (Seconds)
Setup 1 20 5 10 2460.0 0.00370 0.10100
Setup 2 20 10 10 1597.8 0.00450 0.12440
Setup 3 20 15 10 0868.4 0.00627 0.17050
Setup 4 20 10 5 1600.5 0.00491 0.12410
Setup 5 20 10 10 1596.7 0.00455 0.12480
Setup 6 20 10 15 1580.2 0.00434 0.12710
Setup 7 30 5 10 3716.0 0.00760 0.07785
Setup 8 30 10 10 3117.0 0.00763 0.08522
Setup 9 30 15 10 2347.0 0.00840 0.10280
Setup 10 30 10 5 3127.0 0.00761 0.08415
Setup 11 30 10 10 3119.0 0.00768 0.08527
Setup 12 30 10 15 3115.0 0.00761 0.08562
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Figure 15: Routing Overhead Traffic for cache expiry time 10, and 20 nodes; a) cache size 5,
b) cache size 10 and c) cache size 15.
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Figure 16: Routing Overhead Traffic for cache size 10, and 20 nodes; a) cache expiry time 5,
b) cache expiry time 10 and c) cache expiry time 15.
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Figure 17: Average End-To-End delay for cache expiry time 10, and 20 nodes; a) cache size
5, b) cache size 10 and c) cache size 15.
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Figure 18: Average End-To-End delay for cache size 10, and 20 nodes; a) cache expiry time
5, b) cache expiry time 10 and c) cache expiry time 15.
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Figure 19: Route Discovery Time for cache expiry time 10, and 20 nodes; a) cache size 5, b)
cache size 10 and c) cache size 15.
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Figure 20: Route Discovery Time for cache size 10, and 20 nodes; a) cache expiry time 5, b)
cache expiry time 10 and c) cache expiry time 15.
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Figure 21: Routing Overhead Traffic for cache expiry time 10, and 30 nodes; a) cache size 5,
b) cache size 10 and c) cache size 15.
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Figure 22: Routing Overhead Traffic for cache size 10, and 30 nodes; a) cache expiry time 5,
b) cache expiry time 10 and c) cache expiry time 15.
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Figure 23: Average End-To-End delay for cache expiry time 10, and 30 nodes; a) cache size
5, b) cache size 10 and c) cache size 15.
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Figure 24: Average End-To-End delay for cache size 10, and 30 nodes; a) cache expiry time
5, b) cache expiry time 10 and c) cache expiry time 15.
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Figure 25: Route Discovery Time for cache expiry time 10, and 20 nodes; a) cache size 5, b)
cache size 10 and c) cache size 15.



MANET_DSR_PROJECT-MANET_CACHE SIZE10_CACHE EXPIRY5_30 NODES.., [ . [WF5eS] -
e J—

€3 MANET_DSR_PROJECT-MANET CACHE SIZELO CACHE EXPIRY10_30 NO EXPIRY10_30 NODES-.
——

a) b)

Figure 26: Route Discovery Time for cache size 10, and 20 nodes; a) cache expiry time 5, b)
cache expiry time 10 and c) cache expiry time 15.



CHAPTER EIGHT

CONCLUSIONS AND FUTURE WORK

8.1 Conclusions

We simulated twelve different setups. Six of the setups have 20 nodes each in the networks
while the remaining six setups have 30 nodes in each of the networks. The parameters of
interest in our simulations were the cache route size and the cache expiry time of the dynamic
source routing protocol. The performance metrics evaluated were the average end-to-end
delay; routing overhead traffic; and the route discovery time. In this project a MANET
generator station generated the traffic that was sent to the destination mobile nodes.

In our thesis, we have identified that the higher the nodes’ cache capacity, the better the
performance of the dynamic source routing protocol for mobile ad hoc networks. This is
because a higher cache size reduces the average end-to-end delay, the routing overhead traffic
and average route discovery time. This conclusion can be supported by the mechanism of
route discovery described in the literature [1]. The cache size is simply a storage buffer for
already discovered routes to some destinations. The higher the capacity of the cache, the
more discovered routes it can store. Therefore, the probability of engaging in a fresh route
discovery is reduced when a source node wants to transmit data packets to some destination
since the certainty of finding the available routes is higher with increase in the size of the
cache. Avoiding unnecessary route discoveries reduces the routing overhead traffic, the

average end-to-end delay and the average route discovery time.

Following our simulation results, it can also be concluded that the performance of the
dynamic source routing protocol is dependent on the cache size and not the cache expiry time
(cache timeout). This implies that a path cache has got a special mechanism that deletes route
entries through a cache capacity limit. It should be noted that the cache timeout is the
maximum amount of time when a particular route can remain in the cache of a node before
being deleted. This generalization comes in handy when considering design choices for the

dynamic source routing protocol.

It can further be established from our simulation results that the higher the number of nodes
in a network, the higher the routing traffic and the average end-to-end delay but the lower the

route discovery time. In order to reduce the incurrence of high routing overhead traffic and
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average end-to-end delay, a high capacity cache should be used when the number of nodes in
a MANET (that employs the DSR protocol) is high. This increases the performance of the

protocol.

8.2 Future Work
We are suggesting that further research work should be carried out on the evaluation of the

performance of the DSR caching mechanism. Our work was limited to the path cache
organization of the dynamic source routing protocol as provided by the simulator (OPNET)
employed in our simulations. We therefore suggest the exploration of the link cache
organization of the same protocol in order to validate our findings with regards to the effects
of cache capacity and cache expiry time on the performance of the DSR protocol. To achieve

this, a different simulator should be adopted.
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