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ABSTRACT

Mobile Ad-hoc network (MANET) is a collection of mobile nodes which communicate
over wireless channels without any centralized control or existing infrastructure. The
freely movement of nodes allow them to join or leave the network independently. Due to
node mobility, wireless channels and limited resources makes the provision of Quality of
Services (QoS) in MANETs very challenging. With the emerging use of multimedia
applications over MANETs which requires different types of QoS provision from the
networks. The Admission Control (AC) and QoS-Aware routing (QAR) protocols have
made a progress in provision of QoS up to some extents. In this thesis, various AC and
QAR protocols are reviewed and their characteristics and limitations are identified. We
also make a comparison between DSR and AODV routing protocols in different network
scenarios.
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FIRST CHAPTER
1.1

Introduction

Mobile Ad-hoc networks (MANETs) consist of a set of mobile nodes operating without
centralized administration communicating over a wireless interface [1]. The field of mobile
ad-hoc networking grew out of packet radio networks [2]. In MANETs, the nodes are selforganized; they may move and join or leave the network without central controlling entities.
(e.g., access points or base stations). In MANETs multihop scenario occurs, where the
packets sent by the source host reaches destination host through several intermediate hosts.
Dynamic discovery is done by individual node so for direct communication with other node
[2]. MANET applications are nowadays used especially in military and in emergencies,
entertainments and outdoor business environments where centralized administration is
difficult and expensive to install [2].

Figure 1.1: Mobile Ad-hoc Networks
MANETs has conceived to provide spontaneous, robust and ubiquitous communications in
areas where the provision of central infrastructure is limited or lacking. Internet access may
be provided by gateway node, but MANET users are typically collaborators sharing
messages and content with each other. The communication between different nodes is
established through transmitters, receivers and smart antennas. These antennas may be fixed
or mobile. The term node refers to any electronic device like mobile phone, laptop, personal
digital assistance etc. These nodes can communicate with each other and can forward data to
neighbor nodes as a router

1.2

Problem Statement

Due to the nodes mobility, wireless channel and unavailability of centralized control, it is
very challenging to guarantee Quality of Service (QoS). To provide QoS we have to fulfill all
these requirements including Admission Control (AC), QoS-aware routing (QAR), traffic
policing, Resource Reservation, traffic scheduling and possibly QoS aware MAC protocol.
The purpose of AC is to accept data sessions whose QoS requirements can be satisfied
without affecting those of previously admitted sessions, otherwise session is rejected. AC
must establish if there are any necessary links or availability of node resources. Figure 1.2
illustrates an example of MANET topology.
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Figure 1.2: Mobile Ad-hoc Network.

Direct communication between devices is shown by arrows. From the nodes where direct
communication is not possible, need to use intermediate nodes to relay messages hop by hop.
Due to increase in bandwidth of the wireless channels, variety of services can be provided,
such as online games and video conference. These services require the guarantee of a certain
bandwidth, otherwise, the quality of services will be degraded. Therefore, Quality of Service
(QoS) is an important issue in the MANET [3].

1.2.1

Design Issues and Constraints

The design of efficient routing protocols is a critical issue for both wired and wireless
networks. Admission Control (AC) and QoS-Aware Routing (QAR) protocols are facing the
following design issues and constraints. These issues and constraints must be kept in mind
while designing these protocols.

1.2.1.1 Lack of Centralized Control
The advantage of an ad-hoc network is that it is formed spontaneously without fixed
architecture. Participant nodes or members can change their positions dynamically and can
join or leave the network independently. Due to this nature of mobile ad-hoc networks it is
difficult to provide centralized control. Thus it is difficult to achieve efficient and fair
Medium Access Control (MAC). Thus those communication protocols are preferred which
utilize only locally available states and operate in a completely distributed manner [4]. This
increases complexity and an algorithm‟s overheads, as information about the participant
nodes must be collected efficiently. There is no central entity to collect resource state
information and admission decisions. Instead of central administration, nodes must make
decisions based on available network resources, which may lead to potential inaccuracies.
Due to lack of infrastructure the control and management of the network is distributed among
the nodes.
11

1.2.1.2 The Unreliable Wireless Channels
Due to interference from the other transmissions, thermal noise, multi-path fading and
shadowing effects the received signal are prone to bit errors. Such errors may lead to packets
being not decidable. Packet error due to interference from other transmissions is referred to a
collision at the MAC layer. They can be decreased by Forward Error Correction (FEC), or
802.11‟s retransmission scheme [5]. However, persistent packet error can result in link
failure, leading to re-routing, increased packet delay and congestion and packet dropping.

1.2.1.3 Node Mobility
The nodes in MANET are free to move which are completely independently and randomly as
far as the communications protocols are concerned. This means that topology information
must be uploaded frequently due to short life time and to allow packets to be routed to their
destination. Node mobility leads to broken links, causing QoS violations [6]. An active node
may move into the range of another transmitter, thereby reduces its channel access time and
increases its interference [6]. Cashed information may be out of date under high mobility and
in low mobility it is more likely to be accurate [7]. The data session admitted based on the
original level of available channel time may now be starved of transmission opportunities.
The session would then need to be re-admitted on a new route [5]. These factors mean that
no packet delivery related guarantees can be made.
Dynamic network topology is created due to nodes mobility. These links will be formed
dynamically when two nodes come into the transmission range of each other and are torn
down when they are out of range. The rate of change of topology of a network may be less
than the propagation and transmission of routing information propagation; then all routes will
be staled which will rapidly decrease the efficiency of routing protocol either totally fail.

1.2.1.4 Channel Contention
Nodes in a MANET must communicate on a common channel to discover network topology.
However, this raises the interference and channel contention problem. In order to make
correct admission decisions, a node must know about the traffic that could interfere with the
reception of its transmissions. As aware of the interference any newly-admitted traffic would
introduce to the nodes in its vicinity [5]. The well-understood hidden node [10] and exposed
node [11] problems are also caused by channel contention. Network‟s capacity utilization
efficiency is reduced by exposed node problem, and collision is caused by hidden nodes.
A signal may cause interference beyond rang at which it can be reliably decoded. This
provokes the hidden node problem, reduces the effective capacity of the network and
increases the chance of collisions. For example, two data sessions being forwarded on routes
within the interference range of each other, this will reduce the channel capacity available to
nodes on the each others‟ routes. Mutual contention and interference between nodes on a
route forwarding the packets of a data session is caused by channel contention. This means
that a data session consumes multiple times its stated capacity requirement at each node [12].
This phenomenon may call intra-route contention.

1.2.1.5 Limited Resources
Generally wireless devices have less computational power, limited power supply and less
memory, compared to desktop computers typically employed in wired networks [9].
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Low memory capacity, greater overheads and limited power supply has a major impact on
the provision of QoS assurances. Such factors may affect the design of MANET protocols.
Higher overheads and greater time spent in energy draining transmission mode. Limited
memory capacity place limitations on the amount of information stored in data session
information and routing tables. Communication protocols should aim to use as less processor
time as possible, since some mobile devices have slower and less complex processors, such
as PDAs and smart phones. Therefore, it is important that communication protocols do not
cause a slow-down in user applications running on such devices.

1.3

Aims and Objectives

Due to unpredictable nature of Mobile Ad-hoc networks, assurance of QoS in such networks
is challenging. The aim of this thesis is to provide a comprehensive survey of routing
protocols and Admission control protocols for MANETs. This thesis addresses to the
operation mechanism, strength and weakness of these protocols.
Researchers who are working on designing protocols for provisioning of QoS in MANETs
can get benefits from reading this thesis. In addition, reader can also get a clear idea that how
Ad-hoc networks work and how these protocols improve or degrade the performance of these
networks. Finally, future work is provided for researchers.

1.4

Research Questions

In our thesis we focus on the following questions:
What are the main issues in the design of efficient routing protocols for Mobile Ad-hoc
networks?
How information are gathered and propagated by different routing protocols in Mobile Adhoc Networks?
How the efficiency of proactive routing protocols in MANETs decreases in case of high
mobility?
How Admission Control Mechanism estimates the network resources and how guaranteed
QoS are achieved?

1.5

Scope of Thesis

This thesis provides a comprehensive survey of Routing mechanisms and Admission control
schemes designed to achieve the guaranteed QoS for MANETs. The Network layer part
addresses to the Routing mechanisms and limitations of different Reactive and Proactive
protocols designed for MANETs.
In this thesis, we focus on most important functions: Admission Control (AC) and QoSaware routing. We consider AC protocols that are designed for Multi-hop MANETs, found
in literature and tabulate their main features.
The simulation part contains the performance comparison of DSR and AODV protocols in
different scenarios by varying number of mobile nodes. The purpose of simulation is to
observe that how these protocols affect the performance of networks in different scenarios.
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1.6 Challenges and Motivation
One of the newest fields today is that of ad-hoc networks, mainly called Mobile ad-hoc
network (MANET). Within the past few years this field has gained attention due to the
proliferation of inexpensive, wireless devices and the network community‟s interest in
mobile computing.
Due to the lack of infrastructure this field undergoes lots of challenges. Better solutions to
the basic communication challenges in MANETs are still being researched. Consider that
end-to-end packet delay is mainly dependent on the queuing time at intermediate nodes.
Naturally, this is determined by the number of packets in the queue which is dictated by the
expected MAC layer servicing time (EST) and arrival rate of a single packet. The channel
access delay is a function of the traffic loads and the number of nodes competing for access.
Throughput is also controlled by link‟s transmission rate and the fraction time a node is able
to gain channel access, which again depends on the interfering nodes and traffic load. The
traffic load can be controlled through Admission Control and routing.
From this argument it is possible to conclude, that the way in which throughput and delay are
controlled, are closely related. The imposed PDF has three main contributors [6]: packet drop
occurs due to time out and route failure, the 802.11 MAC layer retransmission counts being
exceeded due to collisions or channel errors, or buffer overflow making the packet arrival
rate higher than the packet servicing rate. Thus, apart from packet losses due to channel
errors and mobility, the PDF can also be controlled by handling the level of admitted traffic.
Therefore, network capacity management is the key to the provision of QoS assurances.
Without AC, too many offered traffic admitted, which surly will cause over-loading of the
network resources and lead to the degradation of the QoS. Admission control mechanisms
requires the testing of full routes for multi-hop networks, since having suitable residual
resources at the source node does not necessarily mean that an application‟s requested QoS
can be supported end-to-end.
At the same time, to find nodes AC requires QoS-aware routing protocol, if any, that can
serve the application. In fact, a full system for providing QoS assurances requires Admission
control (AC) and QoS-aware routing (QAR).
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1.7 Thesis Structure
This thesis report consists of six chapters.
Chapter 1 gives basic introduction to the thesis topic, design issues and lists out the
challenges motivation and thesis outlines.
Chapter 2 contains the basic review of the background study of the best effort network layer
routing protocol. The purpose of this chapter is because these routing protocols forms basis
for most of the AC and QAR protocols.
Chapter 3 presents different AC and QAR protocols which are designed to get better
provision of QoS. In which we will discuss different AC and QAR protocols and its
mechanisms.
Chapter 4 is about simulation methodology and parameters used in our simulation.
Chapter 5 shows the simulations results of the performance metrics.
Chapter 6 contains the conclusions we get from literature review and simulation results and
future work.
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2

SECOND CHAPTER

2.2.1 Network Layer- Routing Protocols
Routing means to select a suitable path. Routing protocols in MANETs mean that the
participant nodes can share data and utilize the available resources. Protocols are the set of
rules through which the participant nodes (computers, mobile nodes, electronic devices etc)
can communicate and can exchange data. In MANETs, routing is mostly done with routing
tables. Unicast, multicast and broadcast are different mechanisms used to exchange data from
source to destination.

2.2.1 Routing Types
There are two basic routing types:

2.2.1

Static Routing

It is permanent, in which administrator manually forward the data packets in the network.
These are configured by the administrator.

2.2.2

Dynamic Routing

Dynamic routing is automatically done by the router and the traffic is routed according to
routing tables. In dynamic routing the router keeps information about the network. It is more
flexible than static routing.

Figure 2.1 Routing Types Update

2.2.1 Classification of Routing Protocols
Generally, routing protocols in MANETs are classified as bellow as shown in the figure 2.2:
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Figure 2.2 Classification of Routing Protocols
Routing for the provision of best effort services is possibly the single most studied problem
in MANETs with dozen of suggested solutions [15], which have lead to the development of
many routing protocols, with a number of different strategies for a given network scenario.
Therefore, it is difficult to determine the performance under different network scenarios,
such as increasing traffic, number of nodes etc.
Several routing protocols have been suggested for mobile ad-hoc networks. These routing
protocols can be divided into three categories; proactive, reactive and hybrid [15]. Routes to
all nodes are maintained in proactive methods, including those nodes to which no packets are
sent [15]. This method is also called table-driven method. Reactive methods are called ondemand methods [15]. Routes between the participant nodes are determined only when they
need to forward packets. The combination of both reactive and proactive method is called as
hybrid.
In MANETs, the main issue in routing protocol is to maintain connectivity despite of mode
mobility. The main goal of protocol is to provide best effort based services simple rank
routes by their length in hops, shortest path and lowest end-to-end packet delay. Another goal
is to minimize the routing overheard.
Only a few of the most popular protocols are studied here.

2.3.1

Destination Sequenced Distance Vector Routing

The destination sequenced distance vector (DSDV) routing is one of the earliest proposed
proactive distance vector, designed for MANETs [16]. This is built on the classic distribution
bellman ford (DBF) [17] algorithm. In DSDV each mobile participant advertises, to each of
its current participant, its own routing table (for instance, by broadcasting its entries) [16].
Since, the entries in the table may change quickly the advertisement should be made
frequently to ensure that every participant node can locate its adjacent or neighbour node in
the network. This is done to ensure the shortest number of hops for a route to a destination;
and even if there is no direct communication link, the node can exchange data in this way.
The data advertised by each participant node will contain its new sequence number and the
following information for each new route [16]:


The destination address
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The required number of hops to reach the destination and
The new sequence number, originally stamped by the destination.

The transmitted routing tables will also contain the hardware address and network address of
the mobile host. The routing tables contain the sequence number created by the transmitter.
Routes with more recent sequence numbers are preferred as the basis for making forwarding
decisions. The paths have same sequence numbers; those with the smallest metric will be
used. The sequence number is sent to all mobile nodes in natural way in which the routing
tables are propagated which may individually decide to maintain a routing entry for that
originating mobile node. The receiver adds an increment to the metric before advertising the
route along with the received routes in broadcasting, since one more hope will be required by
incoming packets to reach the destination.
Two types of updates are defined: an incremental update and a full dump containing the
whole routing table. These contain information about the changes in topology that have
occurred since the last update. The incremental updates occupy the channel for much shorter
period of time and are more efficient.
A node discards any routing table entry containing fresher information when a routing update
is received. This is denoted by a higher sequence number. Fresher information is always
preferred for routing. The shorter one is selected from two equally fresh routes.
The DSDV ensures that routes are free of loops at all time through the sequence number
mechanism, which is a major advantage of DSDV over the DBF scheme. This is because
only a destination node may update its own sequence number. Therefore packet advertises its
presence when it is initially broadcasted. All neighbors receive this information and
propagate it further with the original sequence number. A node updates its next hoop to a
destination if it receives an updates with a higher sequence number.
The major disadvantages of DSDV are that [18]:
- It does not support multi path routing.
- Time delay for the advertisement of routes is difficult to determine.
Routing table‟s advertisement for larger network is difficult to determine.

2.3.2

Optimized Link State Routing

A well known proactive link-state protocol developed for mobile ad-hoc networks is the
Optimized link state routing (OLSR) protocol [19]. It is also called table driven protocol and
proactive protocol, i.e. it exchanges topology information regularly with other nodes of the
network. Each participant node selects a set of its neighbor nodes called “multipoint relay”
(MPR), which are responsible for forwarding control traffic. An efficient mechanism is
provided by MPRs for flooding control traffic by reducing the number of transmissions
required [20]. The MPR nodes are shown in figure 2.3:

18

Figure 2.3 MPR nodes send the TC Messages
Nodes selected as MPRs have responsibility when declaring link state information in the
network. The MPRs relay by some neighbour node(s) announces this information
periodically in their control messages. The participant node announces to the network, that it
has access to the nodes which have selected as it as an MPR. HELLO packet and Topology
Control (TC) messages are used by node to discover their neighbours. All nodes do not
broadcast the rout packets only MPR nodes broadcast route packets in the network. Routes
from the source to the intended destination are built before use and each node in the network
keeps a routing table, which makes the routing overheads for OLSR higher than other
reactive routing protocols such as DSR or AODV.
In OLSR, nodes send HELLO messages to their neighbours at a regular interval, advertising
their presence and determine the link status. For example, A and B are neighbour nodes, A
sends HELLO message to node B. If node B receives HELLO message, we can say it is
asymmetric link and vice versa. But if both way communications is possible then we will call
it symmetric link as show in the figure 2.4:

Figure 2.4 HELLO messages in MANET using OLSR

The HELLO messages are received by the MPR nodes. HELLO message contains
information about the neighbors. This enables the mobile node to have table which contains
19

information about all its multiple hop neighbours. In case of symmetric connection, a node
selects minimal number of MPR nodes. It broadcasts Topology Control (TC) messages at
predetermined TC interval and contains information about link status to enable QoS aware
routing.
The above mechanism ensures that the participant nodes have adequate information to route
packets to any destination.

2.3.3

Dynamic Source Routing Protocol

The Dynamic Source Routing (DSR) protocol [21, 22] performs two functions: Route
Discovery and Route Maintenance. When a node in the ad-hoc network wants to send a
packet without knowing a route to destination, it uses route discovery. The route is cached
for reuse and maintenance mechanism is used to detect broken route.
In DSR, source node performs route discovery to send data being unaware of a route to the
destination. That is, the sender learns the complete ordered sequence of network hops to
reach the destination. This list of hops is carried by each packet to be routed. Since the
packets contain all the routing decisions, therefore the intermediate nodes do not need to
keep up-to-date routing information.
Route discovery is done by flooding a Route Request (RReq) packet throughout the network
in a controlled manner. When each node receives the RReq it adds its own address to the
packet header to record the taken route. The destination node will eventually receive a copy
of the RReq and then unicasts a Route Reply (RRep) packet. The RRep packet is sent back to
the source node along the same route accumulated in the RReq but in reverse direction as
show in the figure 2.5 and figure 2.6.

Figure 2.5 Route Request (RReq) Source „S‟ to the Destination „D‟
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Figure 2.6 Route Reply (RRep) from the Destination „D‟ to Source „S‟
In DSR Route Error (RE) message performs maintenance procedure and is generated if a
node that detects a link or node failure. In order to remove broken routes from route cache,
RE is sent to the source nodes of all data packets bound to be forwarded over the broken link.
For efficient route discovery and maintenance, all nodes in DSR may cache any routing
information they forward, whether that is in RReq, RReps, and RE or in data packet headers.
To facilitate this, participant nodes must operate in promiscuous mode, processing all packets
received at the MAC layer, regardless of whether they are the intended recipient or not.
Packets can be “overhead” and “free” routing information in such way and is often referred
to as “aggressive caching”. The inefficiency of standard flooding is somehow
counterbalanced by this mechanism. A source node is allowed by a RReq with short time-tolive to discover a route by relying on intermediate nodes to reply from their route caches.
The route cache also allows nodes with broken link to salvage packets that would otherwise
be dropped. This is done by inserting a new route into their source route header. Finally, any
node overhearing a packet for which that is not the next hop, but is bound to receive later,
may send a route shortening message to the source node of the packet.

2.3.4

Ad-hoc On-Demand Distance Vector Routing

AODV is one of main rivals of DSR in the field of MANETs routing [23, 24] and is also a
reactive distance-vector protocol. AODV algorithm gives flexibility for changes in the link
situation. The differences between DSR and AODV are: AODV is routing table based and
does not employ source routing. It uses sequence numbers to determine the freshness of
routing information and it may use periodic HELLO message for neighbor discovery, as
opposed to a link layer solution.
Let us consider each participant node as a possible destination. Routing tables at each node
contain an entry for every known destination node. This entry lists the next hop towards and
the known sequenced number for that destination, indicating the freshness of the information.
AODV contains three messages: Route Requests (RReqs), Route Replies (RReps) and Route
Errors (RERRs) [23, 24] which are used to discover and maintain routes across the network.
AODV is a reactive routing protocol; route discovery is done by issuing an RReq. RReq
packet contains sequence number of the source node and if a route was previously known, it
contains the last known sequence number for the intended destination. The RReq is
broadcasted and any node receiving it may set up a pointer containing information from the
sender, labeling it as the next hope in the route to the RReq initiator. Destination node or any
intermediate may issue RRep with a newer route to the destination. This newer route is
21

indicated by the sequence number for that destination being higher than the one in the RReq.
Route replies are unicast back to the RReq initiator, as in DSR.
If HELLO messages are employed, then node along an active route periodically broadcasts a
HELLO packet. HELLO packet is simply an RRep packet with a TTL of one hop, which
ensures the awareness of node‟s neighbors of one-hop route to it.
When a broken link is detected, then the detecting node originate and disseminate an RE
message, listing all of the new unreachable destinations.

2.2.1

Summary

In this chapter we have discussed the most common routing protocols which form the basis
for most of the AC and QAR protocols. All of them have different methods for gathering and
propagating topological information. In MANETs, reactive routing is the most advance
method of routing, due to the unpredictable and frequent changes occurring in the topology
of network. The efficiency of proactive routing decreases in case of high mobility due to
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large overheads and false routes information. In terms of delay and throughput constraints,
the use of false routes is very expensive for the applications. DSR protocol has less number
of overheads and uses source routing and cache. Therefore most of the AC and QAR
protocols are building upon DSR.
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3

THIRD CHAPTER
ADMISSION CONTROL AND QOS-AWARE ROUTING
PROTOCOLS

Mobile ad-hoc networks promise unique communication opportunities. It is very difficult to
provide QoS assurances MANET applications due to the lack of centralized control,
unreliable wireless channel, contention for channel access and node mobility. Admission
Control (AC) and Quality aware routing (QAR) are the most important components of a
network for providing QoS assurances. In our thesis, we focus on these two important
functions: Admission Control (AC) protocols and QoS-Aware Routing (QAR) for MANETs.

3.2.1

Admission Control

The job of AC protocol is either to accept or reject a new session according to available
resources in given network [25].

3.2.1

QoS-aware Routing Protocol

3.3.1

QoS Definition

“Quality of Service (QoS) is the performance level of a service offered by the network to the
user” [36]. In the originally used network model, traffic is broadcasted only with best-effort.
So there is no quality guarantee for each transmission. When the real-time traffic is
transmitted in the network, QoS becomes demanding. In addition, real time traffic needs to
be given higher priority to ensure that it reaches the destination on time, because of certain
limitations of network resources especially in wireless networks.

3.3.2

QoS parameters

QoS parameters vary from application to application.
1


2

3
4



Multimedia applications
Data Rate
Delay.
Military use
 Security
 Reliability
Emergency cases
 Availability
Sensors network
Battery life
Energy conservation

5 Real time applications
Here main focus of QoS parameter is on real time applications.
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In real time applications, QoS requests can be expressed in term of many metrics in
routing protocols.
The most popular metrics are:
 Data Rate
 Delay
For satisfying QoS Requirements, the available date rate and delay should be calculated
in order to see which route could be used. Through which we can conclude how
available data rate and delay are calculated.

3.2.1

Real time traffic vs. non real time traffic
Table 3-1 Real time traffic vs. non real time traffic

Real-time data

Non-real time data

Here time is concern as mentioned above
and packets should reach to destination
in time

In non-real time data time is not the
concern because data is elastic.

Here timely delivery is important as
tolerance level is almost zeros for
example on the phone.

The non-real time network could perform
better but it cannot assure data to deliver
on time.

Here quality is needed, so as QoS
mechanisms are impatiently needed to
make sure the required quality of the
connection.

It always has high chances for packet
loss.

For example like telephone, video
conference, streaming video and audio.

Retransmissions are used if there are
some lost packets. The applications of
non real time data transmissions are
Telnet, FTP, E-mail and web browsing.

3.2.1

Admission Control and QoS-Aware Routing Protocols

The role of the AC and QAR protocols may be closely related. In order to perform their
functions, both types of protocols must discover certain information about the network at the
basic level. The routing protocols must perform network topology discovery and maintain a
certain view of this at each node to match application‟s requirements for route. The job of
both types of protocols is to estimate the residual resources in the network. The routing
protocols do this to help in route discovery and selection in order to utilize those nodes used
for traffic-forwarding and are most likely to support the application‟s requirements. It is the
job of AC protocol to know which application data sessions may be admitted into the
network without violating the QoS promised to previously-admitted session [25]. QAR
protocol provides the achievable QoS on a route to the desired level.
Since the aim of both AC and QAR protocols is to facilitate the provision of the necessary
QoS to user applications. A part of AC and QAR protocols also consists of management and
utilization of network resources which provide a certain QoS.
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The job of AC protocol is either to reject or accept the newly requested session according to
available resources [25]. If the available resources are more than the requested resources, the
session is granted admission, otherwise it is rejected. It is the duty of the AC protocol that to
make sure the newly admitted session does not affect the previous serving data session.
AC protocol during route discovery must establish if there are any links or nodes having
necessary available resources. In QAR protocol, it is performed after the routes have been
discovered. In QAR protocols the route discovery process can be used for AC decision, if the
required resources are unavailable the admission is rejected otherwise the data sessions is
granted. However in contention based 802.11 network the session‟s achievable QoS is not
only affected by the nodes on the path but also by the neighbors of the nodes along the path.
So we have to check the available capacity of neighbor nodes whether they can accept or
reject the new session without affecting the already admitted data sessions.
In this section, we will describe some of the important AC and QAR protocols which have
improved the provisioning of QoS for different applications.

3.2.1

Contention Aware Admission Control Protocol

The work in [8] is considered a landmark in the design of Admission control protocols for
MANETs. The available network resources are measured by AC protocol and checks
whether it can support the new data flow or not, without affecting the existing flow [25].
The proposed protocol is combined with a source routing protocol similar to Dynamic
Source Routing [25]. AC in first stage, only partial route of the flow is known to the nodes
therefore partial admission is granted to the flow. A route discovery is triggered at that time
when a session requesting admission packet arrives at a source node. Nodes monitor the
Channel Idle Time Ratio (CITR) and only if their locally available capacity is sufficient then
it forwards the Route Request (RReq), considering the intra-route contention. Only local
resources are estimated in case of Contention Aware Admission Control protocol-Multi-hop
(CACP-Multi-hop) and CACP-Power; during this RReq phase, Carrier Sensing Neighbors
(CSN) resources are not checked because it enforces extra overheads on the partial
discovered route [25, 26].
The routes in RReq are cashed at the destination. Therefore several routes are cashed due to
multiple RReq reaches the destination on different routes. Among the several routes, one
route is selected for Route Reply (RRep) on the basis of some criteria, such as the shortest
route or first discovered route. Locally available capacity for each intermediate node is again
tested by receiving RRep along with the full knowledge of the Intra-route contention. One of
the following proposed methods is used by all nodes on the route to check their neighbor‟s
capacity during the RReq.

3.6.1

Flooding Method

CACP-multi-hop floods an Admission Request (AdReq) packet to a distance of two hops,
assuming it will reach the nodes in carrier sensing neighborhood [25]. In some cases the
given node may not reach its entire carrier sensing range nodes and by increasing the hop
26

count it may exceed the range and may reach some nodes out of its carrier sensing range
(CSR) as shown in the figure 3.1.

Figure 0.1 Flooding Method

3.6.2

High Power Method

To ensure that AdReq packet reaches all nodes within the cs-neighborhood with a single
transmission the CACP-power uses higher power to transmit an AdReq packet [25], as show
in the above figure 3.2:

Figure 0.2 High Power Method

3.6.3

Passive Resource Discovery Method

CACP-CS employs a passive resource discovery-based method and thus no explicit capacity
query packet is used [25, 26]. CACP-CS employs a second lower threshold aside from the
carrier sensing threshold (CST) called Neighbor Carrier Sensing Threshold (NCS-T) [25]. To
sense all transmissions occurring to and from it two-hops CSN. The available channel
capacity is then estimated by CACP-CS as the channel Idle Time Ratio (CITR) detected by
the NCS-T, multiplied by the raw channel capacity.
Each of the above method has their own advantages and disadvantages.
In case of CACP-Multi-hop and CACP-Power, the AdReq packet carrying the session
request information of the flow is broadcast to the CSN. The nodes check whether they can
support the flow or not without affecting the existing flows according to the available
resources when they receive AdReq packet. If the source nodes do not receive admission
denied (AdDen) packet within the specified time, then they consider that the nodes can
support the flow and forwards the RReq packet.
CACP reserves a portion of each node‟s capacity to deal with the unexpected interference.
CACP must search for an alternate route if a route failure occurs. This is because only one
RRep is returned to the source after the initial route discovery, and since the AC procedure is
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linked with the route discovery process, therefore session cannot simply be re-routed to
another known route.

3.2.1

Perceptive Admission Control (PAC) Protocol

The purpose of Perceptive Admission Control (PAC) protocol is to control the amount of
traffic in the network [27]. PAC allows the nodes to estimate their available bandwidth for
admission decision not only in the limited area, but in the entire sensing area. Similar to
CACP-CS [8], PAC uses passive monitoring to estimate the available capacity of the current
node and its neighbors with some modification. Monitoring range of PAC is less than that of
CACP-CS. A received signal having a specific Signal to interference plus Noise Ratio
(SINR) can be reliably decoded. Interference can cause a collision with a packet being
received with very low signal power. To calculate the range of effect of interference caused
by the sender during transmission, Receiver Interference Range (RIR) is defined as the
minimum distance between a receiver and other transmitter. RIR is used so that the
transmission from that source cannot affect the reception of data by the receiver from some
other source. The neighbour sensing range must be twice the distance between
receiver/transmitter plus receiver interference range (RIR) as show in the following equation
shows [27].
Rncr= 2*Dr+ RIR

3.1

Neighbor Carrier Sensing Range (Rncr) is the monitoring range of a node. Dr is the
maximum distance between transmitter and receiver. Within this area a receiver can receive
data from transmitter. Neighbor (N) are the nodes within the particular range of a node. Two
senders at a distance of Rncr for parallel transmission to two receivers as shown in the figure
3.3 below:

Figure 0.3 PAC distances
In the above figure 3.3 shows the distances Rncr, Dr and RIR. Small circles denoted by „a‟,
„b‟ and c represent nodes, Dr is represented by a medium circle, dashed large circle show
RIR and the largest circle represent Rncr. Node „c‟ is out of the transmission area, so it will
not affect the reception of receiver „b‟. PAC reserved some capacity to deal with the problem
of congestion caused by node mobility and its size varies depending on the congestion. The
amount of reserved capacity should not be considered as the available bandwidth. To get
admission to new flow it must satisfy the following condition [27].
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(B_avail – B_res ) > B_req

3.2

Where the available bandwidth is B_avail, B_res is the reserved which is used to avoid
congestion and B_req is required bandwidth by the new application flow.
Due to node mobility, the nodes will interfere more with each other and the network may
become more congested. Therefore after careful AC the network traffic should be monitored
to avoid congestion. If the Channel Idle Time Ratio (CITR) decreases below a threshold
value then the PAC informs the source of the flow. The source can either reject or suspend
the flow. Concurrently rejecting multiple flows is not efficient and it underestimates the
residual capacity. To avoid it the sources check the available resources randomly.
PAC can be coupled with a QAR protocol such as CACP-Multi-hop [8] routing protocol to
perform multi-hop AC. During the route discovery process the AC will then take place and
the state of available bandwidth is measured periodically or on demand.

3.2.1

Adaptive Admission Control (AAC) Protocol

Adaptive Admission Control (AAC) [28] a new admission control which deals with all issues
regarding QoS provision in MANET [28].
 It provides accurate low-cost signaling technique to retrieve CS nodes‟ available
bandwidth.
 Robust contention count calculation algorithm which adapts to the path‟s roughness.
 Efficient adaptation strategy to work against eventual QoS violations.
AAC focuses on the area affected by the transmission source node and Contention Count
(CC) based on network topology [35]. AAC define usable bandwidth as the smallest
available bandwidth on the sensing range of a node. HELLO messages are used to spread the
bandwidth information are transmitted to only one hope containing the sender‟s bandwidth
information and its one hop neighbor. So the receiving node detects two hops bandwidth
availability.
CC is the set of nodes that are members of the transmission path and also to the carrier
sensing range of the contended node. AAC determine the CC using the hop count used by the
Reactive Routing Protocol in the route discovery process. The most precise estimation of CC
is obtained by taking the impacted region up to the radius of 2 or 3 hops depending on the
roughness of the path. Number of hops count of 2 and 3 are appropriate for smooth and
rough paths, respectively. Roughness is determined by a network node density. Based on the
roughness of the path, hop counts changes between 2 and 3.
AAC management of QoS for traffic violations due to mobility are as follows:
 When QoS data packets of a session occupy a large part of the interface queue; the
defined source node is informed about it.
 It pause the transmission of data flow which requires highest bandwidth. By pausing
the heavy flow of information in the network, more resources of network becomes
free, and there is less opportunities for other flow to be paused.
 In order to reduce the risk of QoS violation, and session being paused or postponed,
AAC source nodes the capacity they requested for the session.
AAC works better in high traffic load and mobility environment.
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3.2.1

Staggered Admission Control (StAC) Protocol

Staggered admission control protocol (StAC) is based on passive monitoring of the AC
protocol, which ensures that the performance requirement of the session is maintained in
multi-hop mobile ad-hoc networks [30]. This protocol focuses on collision, because it not
only wastes the channel time due to retransmission but leads to high back off time. Nodes
check their local resources through CITR mechanism [6]. StAC is partially related to DSR
[21, 22], using its basic routing functionality. StAC protocol is implemented in three phases
[34].
In first phase, the application agent in the source node creates the Session Request (SREQ)
packet fulfilling the requirements of the information flow. The network layer receives the
SREQ packet and checks the local available capacity whether it can handle the flow or not.
The session is rejected if it does not support the flow else broadcast the SREQ in the form of
Route Request (RReq). All intermediate nodes check their local resources and add the
information with the RReq packet. When RReq reaches the destination node it also checks
the local resources and sends Route Reply (RRep). All routes are cached at the source nodes.
During the RReq and RRep phase the CSN capacity is not checked as shown in the figure 3.4
below:

Figure 0.4 SReq packet Flows
In the second phase, the CSN capacity is tested by using the method similar to CACP-Multi
hop [8]. The AdReq packet is sent out to two hops CSN. Adjacent nodes check the local
available capacity and CSN sends an Admission Denied (AdDen) back if it cannot support
new information flow as show in the figure 3.5.
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Figure 0.5 Two Hops CSN
In the third phase, the data is transmitted at a very low rate by source. The effect is observed
and gradually increasing the flow rate up to the required level of data session within the
specified time. During the gradual increasing time if it is affecting the earlier admitted
sessions then a session may be rejected.
StAC protocol can be implemented by using application that starts transmitting data with a
low rate and then gradually increasing it until it achieves the required flow rate of the
session.
StAC protocol re-route the session when the route failure occurs due to congestion or
mobility. It reserves some capacity and reserves some capacity for unseen interference.

3.2.1 Multi-Path Admission Control Protocol for Mobile Ad-hoc
Networks
Due to wireless channel, mutual contention and mobility it is very challenging to provide
better QoS. The proposed protocol Multi-path Admission Control for Mobile Ad-hoc
Networks MACMAN [31] deals the mobility issue of MANETs. MACMAN provides
multiple paths/routes for the same data flow and thus improves the QoS. Its basic
functionality is similar to CACP [8] and PAC [27] to achieve the desired QoS to the flows in
MANETs.
MACMAN uses source routing protocol between source and destination to discover
alternative routes. All these routes are stored in source node and whenever congestion occurs
then the data flow can switch from one route to another. The source node select best route on
some specified criteria and transmit the flow.
Route Capacity Query (RCQ) messages are transmitted periodically to check the reliability
of the alternative routes. It contains information of current route and of the required
bandwidth for the data flow. Each node on the alternative route checks its local capacity to
determine whether it can support the flow or not.
When checking the capacity of nodes on alternative route, the Contention Count (CC) may
underestimate the capacity of nodes. It is due to the nodes on the current session route,
imposing interference on the nodes on the alternative path/route. Contention Difference (CD)
of a node is the difference between the CSN on Rbup and CSN on Rcurr as shown below i.e.
CD= {(CSN ∩ Rbup) ─ (CSN ∩ Rcurr)}

(3.3)
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CSN represents Carrier Sensing Neighbours of the node, Rbup is the backup route and current
route of the flow is represented by Rcurr.. The calculating method of Contention Difference is
show in the figure 3-6. Nodes are represented by small filled circles and carrier sensing range
of node„d‟ by larger circle. Path a→i→j→k→h is the current path of flow and
a→b→c→d→e→f→g→h is the alternative route used for CQP messages. The normal CC of
the node„d‟ is 5 on the backup route, but 3 of its CSN {i, j, k} are in sensing range and are
included in the current path. So CD of the node„d‟ is 2 and similarly, CD for all nodes can
be calculated.

Figure 0.6 Method of Calculating Contention Difference (CD)

The required bandwidth (CD.Breq) for the flow is always less than available bandwidth Bavail
minus reserved bandwidth Brsv as show in the following equation:
Bavail – Brsv > CD∙Breq

(3.4)

The node will estimate the capacity and if it meets the requirements then it forwards the RCQ
or sends the route Capacity Failed (RCF) message back to the source of the flow that the
requirements of the session cannot be satisfied. The RCQ and RCF messages can only
maintain or remove the routes from the cache if they cannot fulfill the requirements. The
node will estimate the capacity and if it meets the requirements then it forwards the RCQ or
sends the route Capacity Failed (RCF) message back to the source of the flow that the
requirements of the session cannot be satisfied. The RCQ and RCF messages can only
maintain or remove the routes from the cache if they cannot fulfill the requirements. After
the removal of all cached backup routes a new route discovery is initiated for the same
information flow. In case of current route failure, there should be a backup route in the
cache. Instead of stopping the flow it can be switched to other cashed route. Advantage of
this protocol is that several paths are known for the same data flow at any time at the traffic
source as shown in the figure 3-6. Flow 1 use the route a→b and route 1→2→3→4→5→6 is
used by flow 2. If the nodes of the flow 1 get close to the nodes of flow 2 and intersects the
carrier sensing range of each other. It may cause degradation in provision of QoS or even
both routes fail to satisfy the QoS requirement. Therefore to avoid this, the source of flow 2
switches the flow to 1→7→8→9→10→11→6 and satisfies the QoS requirements as shown
in the figure 3.7:
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Figure 0.7 Transmission of two data Flows

3.2.1

Staggered Admission Control Backup Protocol

StAC-Backup [32] is an extended version of the StAC protocol [30]. It uses the
alternative/backup routes in order to improve the throughout assurances. It may introduce
overheads to the CSN of the backup routes. The effect of these overheads decreases with the
increase in flow rate of a node.
In Multi-path Admission Control for Mobile Ad-hoc Networks MACMAN [31], the primary
route and the backup route must be disjoint. It reduces the probability of fail both routes at
same time. In StAC-Backup protocol the routes at least must be partially disjoint means that
both routes will not be shared by more than half of the nodes on the route.
The source transmits an Admission Request Backup (AdReq-backup) packet to search new
backup route of the current data session. In half of the route the disjoint condition is applied
to avoid flooding of the AdReq-backup packet. The backup route discovered during the route
discovery is cashed at the source and Session Request Backup (SREQ-backup) packet is
unicast along the backup route. SREQ-backup works similar to backup route discovery
process. It checks CSN capacity by a smaller modification to the method used by CACP-CS
[8].
If any node determines that it cannot support the session on the backup route, it sends
Admission Denied (AdDen) packet to the source and suspend backup route for certain time.
Otherwise the node sends Session Reply Packet (SREP-packet) and the source stores that
backup route.
As contrast to MACMAN [31], the StAC-backup protocol continuously monitors its
threshold value i.e. Neighbour Carrier Sensing Threshold (NCS-T) to check its backup route.
SREP-backup packets are broadcasted to all the nodes on the backup route. If the node
cannot support the session it informs the source that the backup route is no longer valid for
the data session. StAC-backup protocol also uses the method of local route repair. If a node
is aware of the flow‟s destination node, it sends the data packet on that route.

All of the above AC and QAR protocols are summarized below in table 3-2.
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Table 1-2 Characteristics of QAR and AC protocols
AC

MAC

Protocol

Routing
Protocol

Coupled/

Back-

Reaction

Congestion

Local

Neighbour

Decoupled

Up
route

To route

Avoidance

Available

Capacity

Information

Estimation

failure

Novelty

CACP

Co
upled
DCF

On
demand
Source
Routing

Coupled

NO

Rely on
routing
protocol

Reserved
capacity

Passive
monitoring
CITR

Passive
monitoring
or
multi-hop query or
high power query

Take neighbours
capacity
into
account

PAC

Co
upled
DCF

On
demand
Source
Routing

Coupled

NO

Rely on
routing
protocol

Reserved
some capacity

Passive
monitoring
CITR

Passive
monitoring

Passive
monitoring for
neighbours
information

AAC

Co
upled
DCF

like QoSAODV

Coupled

NO

Rely on
routing
protocol

Frequent
resource
updated

Passive
monitoring
CITR

Aggregate
information
in
hello messages

Aggregate
capacity
information

MACMAN

Coupled

On
demand
Source
Routing

Coupled

Yes

Reroute to
backup
routes

Pause
the
heaviest
traffic flow

Passive
monitoring
CITR

Passive
monitoring

Multiple
capacity tested
backup paths

StAC

Coupled

On
demand
Source
Routing

Partially
coupled

NO

Pause and
check for
the
discovered
routes

Re-route
to
highest
capacity route

Passive
monitoring
CITR

Query messages

Increase
flow
gradually

On
demand
Source
Routing

Partially
coupled

Yes

Reroute to
backup
routes

Re-route
to
backup routes

Passive
monitoring
CITR

Query messages

Multiple routes,
DSR discovered
routes

DCF

DCF

StACbackup

Coupled
DCF

3.2.1

Summary

In this section we have reviewed different AC and QAR protocols. Comparing with best
effort routing protocols, routing protocols using AC will have better provision of QoS. Even
though all discussed protocols have some limitations. CACP does not deal well with mobility
because it has to search a new route if route failure occurs. PAC due to passive monitoring
underestimates the available resources. MACMAN in maintaining the disjoint backup routes
introduces too many overheads. In StAC protocol the admission time is high as compared to
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the
rate

other proposed protocols. But its packet loss ratio and delay is lower than others. Out of these
protocols StAC protocol performs well in real applications considering the shadowing effect.
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4

FOURTH CHAPTER

4.2.1 DESIGN AND EVALUATION
In this section we will introduce the simulation scenario and performance evaluation
parameters for DSR and AODV protocols using OPNET version 14.5[37]. Nowadays,
different simulators are used to simulate the MANETs. In this chapter we will also introduce
the most commonly available simulating tools and their advantages and disadvantages.
Selection of DSR and AODV is because both are the most advance routing protocols for
MANETs. Most of the current AC and QAR protocols are using these two protocols for
routing, hence are the best choice for forming the basis for AC and QAR protocols.

4.2.1

Methodology

We have chosen to show result on basis of simulation obtained in order to evaluate the
network performance on the basis of following reasons [33]:



To simulate different network scenario is cost effective in terms of time



Researchers can easily repeat the simulation for better understanding



Simulation gives us detailed information of a network



Possible to simulate the network with different parameters and performance metrics.

4.2.1

Simulation Tools

Different network simulators are used to evaluate the network performance such as OPNET,
NS-2, OMNet++, GloMOSim etc. we used OPNET simulator throughout our project mainly
because its availability of licensed version at BTH. Secondly it‟s easy to understand and
saves time to get the required results as compared to other tools. Some of the commonly used
simulators are discussed below:

4.4.1

Network Simulator

NS-2 is an open source and can be downloaded and installed on PCs for free. NS-2 consists
of two simulation tools; Network Simulator (ns) which contains IP protocols and Network
animator (nam) to visualize the simulation. It supports two languages, C++ and OTcl. NS-2
has many built in simulation modules which help in research work. Version 2 (NS-2) is the
most recent version developed by the university of California at Berkeley. It has several
features [35]:
 Provides network environment for ad-hoc networks.
 Wireless channels modules (e.g. 802.11)
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4.4.2

Routing along multiple paths.
Mobile hosts for wireless cellular networks.
It can be install on multiple platforms such as Windows, UNIX. Ubuntu etc.

GloMoSim

GloMoSim is also freely available and can be downloaded and used for research and
educational purposes. It provides the simulation environment for wired and wireless
networks. It uses a set of library modules to simulate a specific routing protocol in the
protocol stack. PARSEC and C languages are used to develop these libraries. New protocols
and modules can be added to the library by using these languages. QualNet Version of
GloMoSim is used on commercial basis.

4.4.3

OPNET

Optimized Network Engineering tool (OPNET) provides environment for simulation and
performance analysis of communication networks, protocols, devices and applications.
Limited version of OPNET can be freely downloaded but a licensed version is expensive and
is used for commercial educational and research purposes. A user can analyze the simulated
networks performance and its behavior of end-to-end delay parameter. OPNET enables to
simulate all types of networks and technologies such as VoIP, TCP, OSPFv3, MPLS,
MANET, IPv6 and others. Following are the key features of OPNET [36]:











Fastest discrete event simulation engine among leading industry solutions.
Hundreds of protocol and vendor device models with source code.
Object-oriented modeling.
Hierarchical modeling environment.
Discrete Event, Hybrid, and optional Analytical simulation.
32-bit and 64-bit fully parallel simulation kernel.
Grid computing support for distributed simulation.
Optional System-in-the-Loop to interface simulations with live systems.
Open interface for integrating external object files, libraries, and other simulators.
Integrated, GUI-based debugging and analysis.

The OPNET simulations are carried out in four different steps. In first step the user has to
create network model called Modeling. In statistics user has to select values according to the
required results and then simulate the network. In last step the user analyze results as show in
the flow chart:
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Figure 4.1 Flow chart

4.2.1

Comparison

The above three simulating tools are summarized in table below:
Table 4-1 Simulation Tools Comparison
Tool

Free

Open source

Programming language

NS-2

Yes

Yes

C++, TCL

GloMoSim

Limited

Yes

Parsec

OPNET

No

No

C

4.2.1

Simulation Environment

All simulations are carried out using OPNET Modeler 14.5[37].Figure 4.1 shows simulation
process. The performance of DSR and AODV protocols are measured by varying the number
of nodes. In our simulation we have used variable number of mobile nodes and constant data
packet size of transmission of 4 packets per second with constant packet size of 512 bytes.
The mobile nodes move according to random way point mobility and maximum speed of 10
m/s. Table 4.1 represents simulation parameters.

Table 4-2 Performance Parameters
S.No

PARAMETERS

VALUEs
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4.2.1

1

No. of Nodes

50

2

No. of Mobile Connections

10, 20, 35, 50.

3

Packet Size

512 Bytes

4

Traffic Type

FTP

5

Mobility Rate

10 m/seconds

6

Simulation Area

1000m * 1000m

7

Routing Protocols

DSR, AODV

8

Performance Parameters

Delay, load, Throughput

Performance Evaluation Metrics

Different performance metrics are used in evaluation of routing protocols which represent
different characteristics of the entire network performance. In our thesis report we have used
the following metrics to evaluate the routing protocols DSR and AODV.

4.7.1

End-to-End Delay

End-to-end delay is the time that packet takes to traverse the network from source to
destination. It is the time from the generation of data packet by source to destination nodes
and expressed in seconds. Different types of delays are included during the transmission of
packet from source to destination. Such as buffering during the route discovery process,
retransmission at MAC layer, propagation delay and transfer time. Mathematically end-toend delay can be shown as:

D end-end = N [D Trans + D prop + D proc]……………… (4.1)
It includes all the delays i.e. end to end delay is the combination of N time Transmission
Delay (D Trans), Propagation Delay (D prop) and Processing Delay (D proc).
D end-end = End-to-End Delay
D Trans = Transmission Delay
D prop = Propagation Delay
D proc= Processing Delay

4.7.2

Throughput

Throughput is the most important metric to examine the performance of routing protocols.
Throughput is a measure of how fast data packet successfully reaches a receiver node. We
measure it in Kbps. Unreliable wireless channels, frequent topology changes and limited
resources affect throughput in MANETs. Mathematically it is represented as follow:
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(4.2)

4.7.3

Network Load

“Represents the total load (in bits/sec) submitted to wireless LAN layers by all higher layers
in all WLAN nodes of the network” [37]. It shows the efficiency of protocols in terms of
routing packets and received data packets. When the traffic flow of the network is hard to
handle it causes strain on the network load and called Network load. Efficient networks can
easily handle large traffic flow for better performance.

4.2.1

Summary

This chapter contains different simulation methodologies, environment and different
performance evaluation metrics. All of simulations will be carried out according to these
metrics and scenarios in next chapter. The selections of these metrics because most of the
application requires bounded delay and guaranteed throughput.

40

5

FIFTH CHAPTER
RESULTS AND COMPARISON

This section will give the comparison of simulation results obtained for DSR and AODV
routing protocols. The results we obtained shows that DSR protocols produce far less
overheads delay in case of heavy traffic load. The load of traffic in a network can be
controlled by AC and QAR protocols. This allows only traffic if the resources availability is
ensured. Similarly DSR packet drop ratio is less than AODV protocols.

5.2.1 Performance Metrics
The analysis of DSR and AODV reactive routing protocols are based on the following
metrics. These metrics are actually the main requirement for various applications meaning
performances of routing protocols can be analyzed and evaluated by these metrics. All of
these simulation results are obtained using OPNET Modeler 14.5.

5.2.1

End-to-End Delay

The end-to-end delay for different scenarios by varying the numbers of nodes is shown in
following Figures 5.1-5.4. In case of 10 mobile connections the maximum end to end delay
was 26ms for DSR. In figures 5.1-5.4 end-to-end delay of both AODV and DSR protocols
increase with the increase in traffic load. DSR in case of low traffic load performs better than
AODV. In case of low traffic network, the failure in routes do not happens as frequently i.e.
DSR shows a small edge over AODV in case of Source routing and cache usage. But in our
case with the high traffic load AODV has the ability to perform better than DSR.
DSR uses the length of a route, which is the main criteria for selecting a route that are replied
back by a route discovery or which is stored in cache of nodes. So, on the basis of false
routes having no mechanism DSR shows higher delay for the removal of stale routes.
AODV always prefers the least congested route, as it replies to its first RREQ only,
irrespective of the length of route which it ignores. The end to end delays of both AODV and
DSR protocols increase with an increasing load.
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Figure 5.1 Delay for 10 nodes

Figure 5.2 Delay for 20 nodes

Figure 5.3 Delay for 35 nodes
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Figure 5.4 Delay for 50 nodes

5.2.2

Throughput

The figures 5.9-5.12 show the throughput for AODV and DSR routing Protocols. From the
figures below it is obvious that with the increase in the number of sources increase the
throughput of both protocols. In case of 10 and 20 nodes AODV throughput increases almost
four times while DSR throughput is increased two times. Also throughput of AODV is five
time higher than that of DSR, outperforming DSR in case of throughput. This show the
optimum utilization of network resources in case of AODV. Figures 5.5 and 5.6 shows that
through is increased with the increase in number of nodes. This employs the optimum usage
of network resources. In case of 35 and 50 nodes, DSR‟s throughput remains almost the
same for both number of sources i.e. in case of 35 nodes the throughput of DSR is 3500 bits
per second and in case of 50 nodes its throughput is 4000 bits per second. However AODV
has much more throughput in case of 35 which is more than DSR for 50 nodes. So overall in
throughput metrics, AODV performs well than DSR in each case of variable sources taken.
This is because of high traffic load increase packet loss ratio and route failure higher in DSR
affecting its throughput performance more as compare to AODV.

43

Figure 5.5 Throughput 10 Nodes

Figure 5.6 Throughput 20 nodes
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Figure 5.7 Throughput 35 nodes

Figure 5.8 Throughput 50 nodes

5.2.3

Network load

In Figure 5.5-5.8 the Network Load is analyzed by comparing varying the number of
sources. It is found that DSR has less network load than that of AODV with higher number
of sources. The mobility of sources does not vary, so in our case it has no direct influence on
the network. From the graphs obtain we can conclude that DSR is more stable with the
network load comparatively to AODV which is the desired characteristic of scalability in
routing protocols. This property indicates that actual routing load increase linearly with the
increase in the number of sources. The high network load was mainly due to the route
request which has major effect on the routing load. In case of DSR which uses the route
cache so there is high probability that it may find its desired route from the cache which
leads to less overhead. This is not the case in AODV, it has to follow route discovery
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process, which is more frequent than DSR. This is the reason due to which DSR has less
network load than AODV.

Figure 5.9 Network load for 10 sources

Figure 5.10 Network load for 20 sources
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Figure 5.11 Network load for 35 sources

Figure 5.12 Network load for 50 sources

5.2.1 Summary
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The reactive protocols, DSR and AODV, works on the basis of different routing mechanism
and route discovery technique. DSR use source routing protocol and hence use cache in order
to store all the routes for the desired destination. It has the ability to learn most the routes
during replying working on different route discovery and routing mechanisms which make it
a routing protocol with less network load comparatively to AODV. And AODV, on the other
hand, is self starting, a reactive multi hop routing protocol which use routing tables. Figure
5.13 gives a short summary of the comparison. AODV allows nodes to respond if any link
breakage occurs and changes in network topology. The simulation based result obtained has
shown some important characteristics of AODV and DSR protocols. The mechanism of route
discoveries and reaction to the link and routed failure varies. In the presence of higher
number of sources and high traffic load, route failure is more frequent. The result obtained
on the basis of different metrics of AODV and DSR leads us to the following conclusions.
In high networks load, the route failure occur much frequently. This enforces AODV in order
to initiate new route discovery toward the destination due to the reason that AODV uses only
one route per destination. This draw the key point that in case if AODV, route failure is
directly proportional to route discovery. Hence this lead to the sub key point that it will have
more overheads and that‟s the main reason of having more overheads in AODV. While in
case of DSR, route discovery is started when it fails to provide route from its cache. So for
DSR to perform well there must be some mechanism required to develop leading to the
removal of stale route for the cache of DSR. So overall the performance of AODV is better
in terms of throughput and delays.
The comparison between DSR and AODV is show is show in the table 5-1 below:

Table 5-1 Comparison between DSR and AODV
Nodes
10

20

35

50

Parameters
Delay (sec)
Throughput
(bit/sec)
Network Load
(bit/sec)
Delay (sec)
Throughput
(bit/sec)
Network Load
(bit/sec)
Delay (sec)
Throughput
(bit/sec
Network Load
(bit/sec)
Delay (sec)
Throughput
(bit/sec
Network Load
(bit/sec)

AODV
0,00055 sec
30000 bits/sec

DSR
0,0023 sec
10000 bits/sec

13000 bits/sec

10000 bits/sec

0.001 sec
120000 bits/sec

0.004 sec
20000 bits/sec

25000 bits/sec

20000 bits/sec

0.0015 sec
380000 bit/sec

0.0035 sec
50000 bits/sec

40000 bits/sec

30000 bits/sec

0.003 sec
600000 bits/sec

0.005 sec
100000 bits/sec

70000 bits/sec

50000 bits/sec
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6

SIXTH CHAPTER
CONCLUSION AND FUTURE WORK

Mobile ad-hoc networks (MANETs) consist of independent wireless devices which cause
spontaneous wireless communications. Due to this nature of MANETs causes many
challenges to communication protocols. These challenges include node mobility, lack of
centralized control, unreliable channels, channel contention and limited resources. Lot of
researches has been made on provisioning of QoS in MANETs.
The literature study shows that the performance of network layer best-effort protocols has
been improved with the use of QAR and AC protocols to sustain the QoS requirements of the
applications. In current literature AC and QAR protocols are satisfying single metric of QoS.
At the same time different applications such as multimedia applications which require
various types of assurance from the network on the Quality of services (QoS)
The simulation results show that DSR performance is better than AODV when we have less
traffic load. AODV uses only one route per destination and when route fails it again initiate
route discovery process from source to destination. In high mobility networks route failure
occurs frequently and in AODV route failures are directly proportional to overheads and
causes more load on network because of more overheads. On other hand DSR uses caches
and source routing which causes less load on network and less overheads. Less overhead is
due to the aggressive use of caches which makes DSR a good choice for the basis of AC and
QAR protocols. The AC protocol will control the traffic load by allowing the traffic to
network without affecting the already admitted sessions. In high mobility scenarios the
routes in DSR gets stale and thus decreases its performance, therefore a mechanism can be
designed to remove the stale routes from the cache of the source nodes in order to increase
the performance of DSR in high mobility scenarios.

6.2.1 Future Work
Due to the rapid increase in the use of multimedia applications over MANETs, needs
satisfaction of more than one QoS metrics. The future work n AC can be extended in two
steps. Firstly, to make reliable admission decision, leading to minimize false admissions to
network. Secondly, to provide guaranteed QoS from source to destination in dynamic
networks in which three operation channel quality, node mobility and topology change are of
particular concern.
In this thesis most of the AC protocols are discussed with constant-bit rate (CBR) data
session. In future AC protocols can be tested under admission of various loads in mobile adhoc networks. Currently the protocols check the flow only in one direction, applications
requires QoS in both directions at the same time e.g. for video conferencing. The joint use of
AC and QAR protocols can be used for design of new protocol which will deal with delay
and throughput constraints and with shadowing and varying link rates and will create duplex
QoS guarantees.
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The joint use of AC and QAR can be used to design new protocol which will have features
of both admission control and routing and will provide an end-to-end QoS guarantee. The
new protocols will be partially coupled with the dynamic source routing (DSR) protocol,
which performs basic routing functions. Thus an efficient mechanism can be design for DSR
to remove the false routes from the source in order to keep the cashed routes fresh. The
selection of DSR for basic routing is because it uses source routing and cache which causes
less overheads and less load on network.
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LIST OF ACRONYMs
AAC

Adaptive Admission Control

AC

Admission Control

AdDen

Admission Denied

AdReq

Admission Request

AODV

Ad-hoc On-Demand Distance Vector Routing

CACP

Contention Aware Admission Control Protocol

CC

Contention Count

CD

Contention Difference

CITR

Channel Idle Time Ratio

CSN

Carrier Sensing Neighbours

CSR

Carrier Sensing Range

CST

Carrier Sensing Threshold

DBF

Distributed Bellman Ford

DCF

Distributed Coordination Function

DSDV

Destination Sequenced Distance Vector Routing

DSR

Dynamic Source Routing

EST

Expected MAC layer Servicing Time

IETF

Internet Engineering Task Force

MANETs

Mobile Ad-hoc Networks

MAC

Medium Access Control

MACMAN

Multi-Path Admission Control for Mobile Ad-hoc Networks

MPR

Multi-Point Relay

NCS-T

Neighbour Carrier Sense Threshold

NRL

Normalized Routing Load

OLSR

Optimised Link State Routing

PAC

Perceptive Admission Control

PDAs

Personal Digital Assistants

PDF

Packet Delivery Fraction

QAR

QoS-Aware routing

QoS

Quality of Service

RCQ

Route Capacity Query

RCF

Route Capacity Failed
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RE

Route Error

RIR

Receiver Interference Range

RRep

Route Reply

RReq

Route Request

SINR

Signal to Interference plus Noise Ratio

SREQ

Session Request

StAC

Staggered Admission Control Protocol

TC

Topology Control

TTL

Time-to-Live
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