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Abstract  
 
The research study determines OPNET simulation to evaluate the MANET routing protocols 
i.e. AODV, DSR, GRP and OLSR performance for HTTP and FTP base application traffic. 
Results from the simulation result helps to measure the performance matrix i.e. packet 
delivery fraction, normalized routing load, throughput and end to end delay. Scalar values are 
extracted from simulation to plot desired performance graphs to analyze. The research results 
and conclusion produces enough information for the selection of best routing protocol for 
MANET in terms of HTTP and FTP application types. 
  
Keywords: MANET, PDF, NRL, throughput, delay, AODV, DSR, GRP, and OLSR.  
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Chapter 1             Introduction 
 

Ad hoc network [1] is the collection of mobile nodes without the need of central 
access point or available framework. It’s an algorithm which is used for the central 
access point or for the available infrastructure. Each host usually operates in the form 
of a specialized router.  

 
MANET is a self configuring wireless network where nodes dynamically perform 
mobility related to wire line network. MANET doesn’t contain fixed network 
topology since nodes are in true mobility irrespective of the direction which generates 
great complexity in routing traffic from source to destination. There are different 
categories of MANET routing protocols [2], e.g. proactive, reactive, flow-oriented, 
adaptive, hybrid, hierarchical, geographical, power-aware, multicast, and many other 
routing protocols. Each category contains different routing protocols developed 
according to some specific domain requirements. Mostly, proactive and reactive 
protocols are of high importance due to their algorithm implementation and 
applications support. 
 
MANET nodes contain multiple applications and require different level of data traffic 
to communicate with other nodes. In MANET, routing protocols perform an 
important role during data communications. AODV [3], DSR [4], TORA, GRP and 
OLSR [5] belong to reactive and proactive protocols category. Due to OPNET 
constraints, we have selected fewer protocols for investigating behavioral changes for 
selectable applications. 
 
Wireless mobile nodes dynamically form a temporary network, without using any 
centralized administration or any infrastructure network known as ad hoc network. 
Nodes in the network are mobile and thus can move randomly, and organize 
arbitrarily, so the network topology can change quickly and unpredictably. Due to the 
property of such networks that they don’t need any pre planned infrastructure and can 
be formed dynamically, they are becoming very popular commercially and military 
wise.   

 
To establish communication between nodes, routing protocols are required whereas 
every node must act as a router. A number of routing protocols have been developed 
and implemented for MANET. For example Dynamic Source Routing (DSR), Ad 
Hoc On-Demand Distance Vector routing (AODV) [3], Temporally Ordered Routing 
Algorithm (TORA), etc. 
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1.1 Problem Definition 
 

MANET protocols designed and implemented at the network layer can severely affect 
the applications running at the application layer, causing unacceptable results for the 
users in critical circumstances. So the users decisions resulted from uncompleted, 
slow and non understanding received information can bear higher losses. We want to 
create different scenarios for better understating the performance of the MANET 
routing protocols based on the applications running on the devices.   

 
 
1.2 Motivation  
 

Internet caused the world to shrink through high speed devices, of a complex 
network. Beside internet, other priority networks are designed for specific needs to 
get connected during important situations, locations, positions, etc. These networks 
are called MANETs and have many important properties. To enable these networks 
and work with the running applications required for different circumstances uphold 
good results for devices connected on both ends. So performance of the desired 
applications meant high performance over the network, which in turn regards to the 
MANET protocols participating in the network. In order to determine the 
performance of different routing protocols, we need to investigate the behavior of 
selected/available MANET routing protocols in an OPNET simulator based on 
specific applications and number of users.  
 
We encounter the need for efficient and accurate routing protocols for 
communications between the devices/applications to better utilize MANET 
technology. The actual existence of the MANET is just and only to elaborate the 
creation and availability of such a networks to accommodate/facilitate quality 
application and communication delivery. 
 
The research study is an important area for user applications with dynamic network 
topologies that will uphold the implementation and deployment of the bespoken 
protocols for desired applications with respect to number of users in practical 
environment. 
 

 
1.3 Research Questions 
 

Research questions will help us in finding the appropriate answers through study 
results. Following questions have been developed to measure different performance 
parameters in MANET routing protocols:   
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• What are differences in the simulations results obtained when increasing the number 
of mobile nodes for ftp and http applications?  

• Do MANET routing protocols have same or different graph results for an end to end 
delay, packet delivery fraction, throughput, and normalized routing load and why? 

• Are there any differences in MANET routing protocol traffic behavior for ftp and 
http? 

 
1.4 Expected Outcomes 

 
Research study adhere significant information for the businesses to implement and 
deploy selection of protocols when choosing between the number of nodes and 
application types. Recommendations on upgrading the protocols will be given to 
overcome the problems in the existing protocols. 
 
 

1.5 Thesis outline 
  

Chapter 1 provides brief introduction of MANET and its applications along with the 
problem definition, research questions and motivation of the thesis topic. 
 
Chapter 2 represents background knowledge of the communication. 
 
Chapter 3 describes general MANET protocol categories / different mechanisms and 
MANET properties.  
 
Chapter 4 explains wireless ad hoc networks, routing types and MANET routing 
protocols. The detail explanation and working of MANET proactive and reactive 
protocols. 
 
Chapter 5 involves research methodology for this study and includes short description 
about the entities involved in each phase. 
  
Chapter 6 exhibits the simulation scenarios information, preparation, tool selection 
and relevant information accordingly. 
   
Chapter 7 contains simulation results for different scenarios describe in chapter 4 and 
an important study discussion on the simulation graph results. 
 
Chapter 8 discuss about our simulation result and previous researches for MANET 
protocols.  
 
Chapter 9 caters conclusion and possible future work about the research study.  
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CHAPTER 2             Background 

 
The history of using signals for transmitting and sharing information by the humans 
can be traced back to the ancient times. One of the earliest written sources, describing 
the use of fire signals for transmission of the information of Troy falling to Athens, 
can be found in the play, Agamemnon, written by Aeschylus in 4th century B.C. 
Similarly it is shown in the movie  ”The Lord Of The Rings” return of the king, that 
same type of fire was used as a signal for  request of help. The problem with these 
fire signals was that they could have been used to transmit only a couple of meanings, 
such as war, cry for help or a fall of the city [6]. In 2nd century B.C, Polybius 
proposed different fire signal mechanisms. According to him, a person had to follow 
a set of steps before they actually could transmit the message. This can be viewed as 
establishing a connection before the actual communication while main points of the 
proposed system were [6]: 

 
• Everyone was able to see the message (broadcast)  
• Message could be relayed on the move (mobility) 

 
These points encourage us to consider Polybius as the first engineer of data 
communication for MANET. Polybius ideas had been used for over 2000 years. 
Robert Hooke provided an idea of Semophore network in 1684 which is a kind of 
optical communication. In [7], Claude Chappe French engineer and his brothers were 
the first to practically implement a network covering 4800 kilometers, containing 556 
stations in France serving military communications until 1850’s. Similarly 1794, 
Abraham Niclas Edelcrantz a Swedish inventor presented his version of the network. 
On the birthday of the Swedish King, he delivered a poem through his network from 
the palace in Stockholm to Drottningholm. Soon the network covered Grisslehamn 
and Åland, Gothenburg and Marstrand, Helsingborg and within Karlskrona. The 
problem was that these networks required good weather and they were quite 
expensive to build and maintain. 
  
In 19th century electrical telegraphs became the most popular way of 
communications. In 1937 Samuel F.B: Morse developed an electrical telegraph and 
Alfred Vail developed Morse code with Samuel F.B: Morse. Through the sequence of 
telegraph improvements an idea of Telephone was proposed and used in March 10, 
1876 by Alexander Graham Bell for transmitting the voice messages. In the 
beginning of 1890’s few scientists and inventors including Nikola Tesla introduced a 
concept of wireless telegraphy. Around 1925 an idea of transmitting moving pictures 
came and British Broadcasting Corporation that started experimental broadcast on 
30th September 1929. Along with these inventions, one of the most important mean 
communications started with the invention of Computers that had formed the 
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communication networks. On December 5th, 1969 a network had been created with 
only four computers and had been extended to 213 until 1981 had been called an 
ARPANET [8]. ARPANET then combined with other networks to form the Internet. 
In 1979, NTT (Nippon Telegraph and Telephone) was the first to launch citywide 
cellular network. Afterwards in 1981 NMT (Nordic Mobile Telephone) launched its 
cellular network in Sweden, Denmark, Norway and Finland. 
 
All the mentioned history facts of communication inventions i.e. smoke and fire 
signals, semaphore networks, electrical telegraphs, telephones, wireless telegraphy, 
television, computers, cellular phones illustrate that humans has been giving 
importance to communication for thousands of years and now it became a  
fundamental part of our life. Researchers had immensely contributed in the field of 
communication for accessing easy, reliable, affordable and quality communication. 
Their efforts produced results in reducing dependencies on different elements that 
might have caused problems in a proper communication during certain circumstances 
where communication has been necessary. With this idea, US Department of Defense 
(DOD) thought of trying to find a way to communicate in the battle field without any 
dependency on fixed or already installed infrastructure. So in 1972, the concept of ad 
hoc network and wireless local area network was proposed and started through a 
program called Packet Radio Networks (PRNET).  
 
In 80’s SURAN (Survivable Adaptive Radio Networks) replaced PRNET and 
improved PRNET’s routing. Due to the limitations of the computing power in the 
mobile devices, the effort for commercial use of the technology would have been 
useless at that time. An existence of mobile computing devices such as PDA, 
notebooks and laptops gain focus of the researchers to start working in ad hoc 
networking. In 1997, WLAN standards for MAC and physical layer were approved 
by IEEE 802.11 for the first time between infrastructure and infrastructure less 
communications. At present Mobile Ad Hoc Networking are hot topics for the 
research due to military and commercial interests in different areas of routing 
protocols, QOS, power management etc, and will continue until the standardization of 
ad hoc network technologies.  
 
The vision of mobile ad hoc networking is to support robust and efficient operation in 
mobile wireless networks by incorporating routing functionality into mobile nodes.  
Such networks are envisioned to have dynamic, sometimes rapidly-changing, random, 
multi hop topologies which are likely to be composed of relatively bandwidth-
constrained wireless links. Within the Internet community, routing support for mobile 
hosts is presently being formulated as "mobile IP" technology.  This is a technology 
to support nomadic host "roaming", where a roaming host may be connected through 
various means to the Internet other than its well known fixed-address domain space. 
The host may be directly physically connected to the fixed network on a foreign 
subnet, or be connected via a wireless link, dial-up line, etc. Supporting this form of 
host mobility (or nomadicity) requires address management, protocol interoperability 
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enhancements, core network functionality such as hop-by-hop routing and still 
presently relies upon pre-existing routing protocols operating within the fixed 
network. In contrast, the goal of mobile ad hoc networking is to extend mobility into 
the realm of autonomous, mobile, wireless domains, where a set of nodes which may 
be combined routers and hosts themselves form a network infrastructure in an ad hoc 
fashion.  
 
A mobile ad hoc network (MANET) sometimes called a mobile mesh network [1], is 
a self-configuring network of mobile devices connected by wireless links. Each 
device in a MANET is free to move independently in any direction, and will therefore 
change its links to other devices frequently. Each node must forward traffic unrelated 
to its own use and therefore act as a router. The primary challenge in building a 
MANET is equipping each device to continuously maintain the information required 
to properly route traffic. Such networks may operate by them or may be connected to 
the larger Internet. MANETs are a kind of wireless ad hoc networks that usually has a 
routable networking environment on top of a Link Layer ad hoc network. They are 
also a type of mesh network, but many mesh networks are not mobile or not wireless. 
In the next generation of wireless communication systems there is a necessity for 
rapid deployment of independence of mobile user’s i.e. effective dynamic crisis 
situations, rescue operations, disaster relief, and military networks, thus network 
cannot rely only on access to central systems and applications [1].  

MANET is an independent group of mobile phone users to communicate with the 
wireless connection with relatively small bandwidth. Due to node mobility, network 
rapidly causes unexpected changes which cause the increase in communications and 
information technology interaction, and access to information "in order to change at 
any time", all the time and place, "everywhere." Fixed wireless network, wireless ad 
hoc or permanent network are characterized by the lack of infrastructure. In an ad hoc 
mobile network, nodes can move freely, to organize themselves arbitrarily. Each user 
has the opportunity of moving freely while communicating with others. The distance 
between each user determines a radio contact between each other that might not be 
uniform. Mobile Ad Hoc Networks in an independent manner, and may lead to a 
larger network, as an annex to the Internet. There are few silent features of Ad hoc 
networks which we discussed below [1]: 

  
2.1 Dynamic Topology 
 

The nodes have the freedom to move in the network joining, departing or remaining 
in the network but making unpredictable movement in the network causing changes 
to network structure. 
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2.2 Constraint and Variable Capacity Links  
 
Due to mobile wireless connections and radio link significant reduction in signal 
strength is observed. Mobile node power capacity, hard drive capacity, processing 
capacity, and other related terms should also be taken into account, specially the 
impact of multiple access, fading, noise and interference conditions. Wireless 
technology offers much less data rates than traditional networks which mainly affect 
the transmission medium. 
 
 

2.3  Power usage limitations 
 
Ad hoc network participating nodes might quickly run out of battery or other 
directives of energy. Standards energy design systems should be optimized for such 
networks. 

 
 
2.4 Physical security limitations 

 
Wi-Fi network, hotspots and other unsecure wireless networks are generally 
vulnerable to personal safety risks as compared to fixed network. Existing security 
technologies used in wireless networks reduce security risks more robustly. And 
distributed network management point of jellyfish in the loss of a targeted approach is 
needed. Experts believe that other networks such as military networks or road side 
networks for emergency purposes are relatively large and constitute hundreds of pairs 
of nodes in the region's roads.  
 
 

2.5 Layer protocol for mobile internet courses 
 

Mobile intellectual property and improvements in targeting class and functionality are 
more useful as well as the Internet. Internet is a combination of heterogeneous 
network infrastructures, thus the wireless network consisting of mobile phones with a 
wide range of wireless technologies agrees for strengthening an IP network objectives 
and maintain the integrity of network services joining a dynamic international 
environment. 
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CHAPTER 3     Mobile Ad hoc Network  
Mobile Ad Hoc Network is also called Mobile Mesh Network; mostly both of these 
terms are used. Before discussing MANET, first we are going to understand the basic 
concepts regarding the main scenario like mesh network and mobile network. Mesh 
network is a type of network where each node is working individually or independent 
to other node no matter whether it’s connected to another network or not, or we can 
say that they can connect itself and expand their network, it’s called a Mesh network 
[9]. 
  

 
Figure 3-1: Simple Mesh network. 

 
Mobile network can be termed as a Mesh network. MANET is a kind of network 
which is developing through self configuration by mobile devices connected with 
each other to the wireless links. In MANET network environment devices or nodes 
are free to move in any direction independently, there is no any solid restriction on 
the devices that they have to follow. Due to these reasons they are frequently 
changing their links to other devices and make new links or new networks. This is 
why MANET network in dynamically spreading and decreases in the size due to free 
movement of nodes towards other devices. Nodes have to forward traffic in their own 
fashion and they should be acting as a router which means that they play a vital role 
between communication channels.  
 
The main challenge in MANET is routing traffic because their network is spreading, 
contracting, changing dynamically causing routing and the communication between 
the nodes difficult. Such kind of network increases continuously, connecting to the 
wider network like Internet. The basic diagram of MANET network is given below: 
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Figure 3-2: Simple Mobile Ad hoc network. 

 
It can be a one kind of Wireless Ad Hoc Network is working on top of link layer 
network because of the routing capabilities. It can be one kind of the mesh network 
but we know that all mesh networks are not ad hoc network also all network are not 
working on the wireless links. It depends upon the type of network environment. 
There are many types of mesh networks one of them is displayed in figure 3.1 where 
we discussed one of the linked mesh networks. Due to the popularity and extended 
growth of the laptops and wireless devices MANET had become famous open 
research fields in protocol domain. 
 

3.1 Types of MANET 
 

There are many types of MANET but the most famous one are given below [10]: 
VANETs 
InVANETs 
iMANET 

 
3.1.1 VANETs 
 

VANETs stand for Vehicular Ad Hoc Networks. It is basically used for the vehicle 
networks. Many devices are working in our regular routine life in vehicle categories 
dealing with vehicular devices and beside the road side equipments. The best example 
of these networks is our road signal system which is a complete wireless network 
among devices and signals. 
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3.1.2 InVANETs 
 

It stands for Intelligent Vehicular Ad Hoc Networks. It is one of the kind of networks 
which works under the mechanism of artificial intelligence to help the devices to act 
intelligently so that there will no problem in the vehicular networks. These networks 
contribute in road side emergency situations by we know that there are so many 
examples where it is very useful and effective to use like when there is collision 
between the vehicles there should be alarm by the vehicle in order to take save end 
also accidents and also so many different uses which is really effective in the 
networks. 
 

3.1.3 iMANET 
 

It stands for Internet based Mobile Ad Hoc Network. It is working between the 
mobile nodes and Internet gateway nodes and it works very well but there is one 
problem that is we know that there are different mobile ad hoc networks routing 
algorithms which are working in the mobile ad hoc networks but in this case the 
mobile ad hoc routing algorithms will not working directly means don’t apply 
directly. 
 

3.2 Mechanisms required in MANET 
 

There are some important steps which are required in MANET Network which is 
given below [11]: 
 

• In mobile ad hoc networks the routing mechanism needs to be multi hop. 
• There should be way to access the Internet so that the entire network needs to 

be considered in the Internet. 
• Since mobile ad hoc network is self configuring network so there should be 

address assignment procedure in order to connect each other with new 
network or mobile devices. 

• There is also procedure or mechanism for the following procedures like 
merging into the networks, detection of the existing network and acting or 
participating in the existing network. 

• There should be standard security protocols or mechanism among the devices. 
 

3.3 Routing protocol requirements 
 

There are some requirements in routing protocols which are important regarding the 
mobile ad hoc networks i.e. 
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• Each and every device has the capability to be self starter and has the 
functionality to be self organizer. 

• There should be routing protocol mechanism that there will be no loops and 
there should be multi hop environment among the devices. 

• We know that mobile ad hoc networking is spreading dynamically so there 
should be maintenance procedure among the dynamic devices expansion. 

• There should be rapid convergence procedure among the devices. 
• The routing protocol has the capabilities to deal with the network traffic if 

there is any overhead then it should deal with it. 
• It also has the functionality to deal with larger networks. 

 
3.4 MANET working group/ protocol category 
 

IETF is the working group [12] for the mobile ad hoc networks; their main purpose is 
to prepare standard for mobile ad hoc network in IP routing. There are basically three 
main routing protocols which are working in MANET and fourth one coming which 
is working experimentally. Basically these protocols are mainly divided into two 
main categories which are given below: 

 
Re-active 
Pro-active 
 

3.4.1 Re-active routing protocol 
 

There are two main things in re-active routing protocols [4]. First is that it never take 

initiative in order to take routes for network, and second is that whenever it creates 
routes it will developed on demand  by flooding mechanism. In such kind of routing 
protocols there are some advantages and disadvantages which are given below: 

• Whenever they need to find out the routes they use bandwidth otherwise it 
will not use bandwidth. 

• There are lot of overhead because of the flooding process it will be shown in 
the given below pictures. 

• At start there is delay in the network. 
 
There are three steps which will explain the complete procedure of the re-active 
routing protocols. 
 
Step1. In this step there are two nodes at position A and position B which want to 
communicate. 
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Figure 3-3: Reactive routing procedure. 

 
Step2. In order to communicate with the B, A need to flood the routes towards the B. 
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Figure 3-4: Reactive routing procedure. 

 
Step3. In order to create communication between A and B unicast-ed feedback is 
received. 
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Figure 3-5: Reactive routing procedure. 

 
 

3.4.2 Proactive routing protocol 
 

In pro-active routing protocols [4] the mechanism is different than the pre-active 
routing protocols. In this category of protocols routes basically depends on the traffic 
control which is continuous. All routing information maintained at any time of the 
network changes its size by making its size increasing or decreasing because we 
know that network is dynamic. Basically there are two main things which should be 
kept in mind; first one is that due to the continuous control traffic mechanism there is 
a lot of overhead on the network which is one of the drawbacks of the pro-active 
routing protocols. In pro-active routing protocols, routes are available all the time to 
maximize communication among the network devices. There are three steps in pro-
active routing algorithm which are given below: 

 
• Neighbor / Link Sensing. 
• Multipoint Relaying. 
• Link-State messaging and route calculation. 

 
 
 

3.4.2.1 Link and neighbor sensing 
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In link and neighbors sensing mechanism [4], neighbors and links develop a 
relationship among each other by sending hello packets to each other so that there 
will be connectivity between the devices. In mobile ad hoc network all nodes or 
devices send hello packets among each other, through this mechanism relationship 
between the neighbors and links has been created. In figure 3.6 basic scenarios 
between the neighbors is shown. 
 

 
Figure 3-6: Link and neighbor sensing mechanism. 

 
 
3.4.2.2 Multipoint relaying 
 

In multipoint Relaying process [4,13] whenever the devices send hello packets to 
each other or we can say that every node send broadcast hello packet to every other 
node except itself, a lot of duplicate packets will be generated. In order to overcome 
these duplicate retransmission, multipoint relaying mechanism is used which will 
reduce the duplicate packets in broadcast packets. It will also restricts other nodes or 
devices that at some regular time of interval you have to send the broadcast packets in 
order to know about the connectivity among the neighbours and links. 
 
In multipoint relay selection mechanism every node in the network has to developed 
or maintain its own Multipoint Relaying procedure in order to run the protocol. One 
of the basic rule is that if there are two nodes and they are neighbours to each other, 
then there should be m and n existing nodes surrounding to them so that there will be 
a complete contact among the nodes. 
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Figure 3-7: Multipoint relay selection mechanism. 

 
In forwarding of traffic step, all nodes from the network have to established or 
maintain each and every node their own Multipoint Relaying Selectors. There is one 
basic rule for forwarding traffic i.e. whenever we are going to follow the pro-active 
routing protocols then all the packets from the routing protocols has been received by 
the Multipoint Relaying selector then packet is forward whenever its TTL value is 
greater than 0, due to this way packets will reach its all required destination in the 
network. 
 

 
Figure 3-8: Forwarding of traffic. 
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Multipoint Relaying – example: 
 

 
Figure 3-9: Multipoint relying mechanism. 

 
Step 1: Regular flooding 1 
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Figure 3-10: Multipoint relying mechanism. 

 

 

Step 2: Regular flooding 2 
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Figure 3-11: Multipoint relying mechanism. 

 
 

 

Step 3: Regular flooding 3 
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Figure 3-12: Multipoint relying mechanism. 

 

Step 4: Regular flooding 4 
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Figure 3-13: Multipoint relying mechanism. 

 
 
 

3.5 Link state functionality 
 

The main functionality of Link State is that all devices in the network will flood out 
or broadcast link State information among the devices or nodes in order to keep nodes 
updated. There are two main link state optimizations which are given below: 
 
Multipoint Relaying selectors are used for forwarding routes, so it’s better to be used 
for forwarding link state information that’s why Multipoint Relaying selectors are 
selected to send link state messages, due to this reason the size will decrease which 
become very useful in link state messages. 

 
Before forwarding routes there is a selection for Multipoint Relaying procedure so 
those nodes or devices which are choose as a Multipoint Relaying then only those 
devices and nodes are responsible for ending link state messages.  
 
In link state procedure the selected nodes has to send the link state message in the 
network but link state messages are called Topology Control messages(TC). TC has 
very important role in order to develop a network because it will send messages 
towards the network devices and then relation among the nodes has been developed. 
There is an example of link state messages and Multipoint Relaying is given below: 
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Figure 3-14: Link state mechanism. 

 
 

3.6 Qualitative properties of MANET 

MANET has following qualitative properties described in [1].  

• Distributed operation 
• Loop-freedom 
• Demand-based operation 
• Proactive operation 
• Security 
• Sleep period operation 
• Unidirectional link support     

 
3.6.1 Distributed operation 

One of the good property of MANET is that it has a distributed operation in the 
network Due to this kind of behavior it has stated as a nonetheless activity in the 
network and works effectively and there will be no overhead over the network. 
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3.6.2 Loop freedom 
 

From the performance prospective it is very important to have loops free network 
because we know that network spreads dynamically and due to this way nodes or 
devices communicate with each other and there should be a mechanism that there is 
no loops in the so that there will be no redundancy in the network and mobile ad hoc 
network can deal with this problem by using the mechanism of TTL value and bound 
the loops in the network and due to this way it will avoid loops in the network. 
 

3.6.3 Demand based operation 
 

There are two main types of operations in a network first one is uniform based 
operation and second one is the demand based operation. In case of Mobile ad hoc 
network we have mainly concern about the demand based operation in order to 
control routing traffic because of the large network. Demand based operation 
provides better resource utilization, improves efficiency; and it also deals with delays 
in the network. 
 

3.6.4 Proactive operation 
 

There are some scenarios where demand based operations are not effective and due to 
this we are going to use another operation that is proactive operation. It is true mobile 
ad hoc network increasing rapidly whenever we have such kind of situation then we 
will prefer to use demand based operation which is effective and useful but when the 
number of devices in a network are not so much and we have small size network then 
we will prefer to use proactive operation which is effective in the network and really 
show better results on these network scenarios. 

3.6.5 Security 

At start when we are working in the mobile ad hoc network then there is not any kind 
of proper security algorithms and protocol to use because we don’t have any problem 
in the beginning but now users has new technology and knowledge they have 
different techniques to overcome the network due to this reason we have security 
issues which we must keep in mind to control the network risk and reliability. There 
are some security problems which are given below: 

• Network traffic snooping  
• Replay attacks 
• Changing packets headers  
• Routing redirection procedures etc 
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Mobile ad hoc network have the capability to control these issues and provide an 
appropriate security. 

3.6.6 Sleep period operation 

In mobile ad hoc network or devices in wireless personal area network there is a sleep 
mode for some portion of time. Devices are connected in master and slave concept 
with each other, so in order to proceed further there are number of device 
connectivity limitation. Before connecting more devices, already connected devices 
are on sleep period for energy conservation. In order overcome sleep period operation 
mechanism mobile ad hoc network enhanced their features and functionality in the 
wireless domain and mobile domain network. 

3.6.7 Unidirectional link support 

In routing algorithms bidirectional links has been established among the devices for 
proper functionality of the devices but mobile ad hoc network even support 
unidirectional links in order to deal with broader networks. There may be a situation 
that both the unidirectional and bidirectional links are used in the mobile networks. 

3.7 MANET applications 
 

Due to the massive increase in the devices of wireless communication and portable 
devices mobile ad hoc networks is gaining lot of success in use and importance 
among the other networks. Currently different types of applications are working 
correctly in the different field of industry. The best advantage of Mobile ad hoc 
networks is that there is no need for any new infrastructure for the implementation of 
any application as it will work under the basic scenarios of wireless communications 
networks [1]. It also has the capability to add and delete or remove devices or nodes 
from the networks without any changes regarding the configuration of networks that’s 
why most mobile ad hoc networks are dynamic in nature. There are different types of 
mobile ad hoc networks application and they are used in different fields of 
communications like huge scale network infrastructure, mobiles, small networks, 
dynamic networks infrastructure as well as static network infrastructure etc. There are 
some typical mobile ad hoc networking applications which are given below: 
 

• Military battlefield 
• Commercial sector 
• Local level 
• Personal Area Network (PAN) 

 

35 
 



CHAPTER 4          Wireless Ad hoc Networks  
Wireless networks streams line possible communication between distinct devices to 
mature versatile application services required with reasonable transmission rate and a 
reduced amount of data errors. The whole mechanism involves mixture of linear and 
complex coherent connectivity between physical, conceptual and logical interfaces 
that manipulate high degree of algorithms in an essence to produce goal oriented 
services. So the wireless system requires specialized set of capabilities, depending on 
the mode of wireless technology connectivity i.e. Ad Hoc, WLAN, Bluetooth, Sensor, 
etc. Principle concept behind all the technologies is radio technology for data 
transmission, network formation, and network device management. Ad hoc network 
differ from the cellular networks in terms of many parameters: 
 

• Ad hoc have infrastructure-less network while Cellular are infrastructure 
oriented networks. 
 

• Ad hoc can be deployed rapidly without any base station, adopt to the 
environmental changes while cellular require time as well as fix base 
station with concrete planning and cells area. 
  

• Ad hoc is cost effective way of network setup while cellular networks are 
costly. 

 
• Ad hoc requires no or less time in network setup while cellular require 

large time. 
 
Ad hoc network can comprise of different terminals i.e. mobile phone, laptops, PDA, 
sensor, desktop PC, etc. in terms of hardware and software’s. Each set of terminals 
have different versions, sizes, shapes, processing and transmission capabilities, 
energy consumptions, mobility, IP classes, QoS, and so forth that causes the hurdle in 
building network and performance parameters during transmission. Since Ad hoc 
networks comprise of heterogeneous terminals, having different power, energy, 
transmission mechanism, radio range, communication modes, privacy and security 
factors. There are many issues caused due to wireless nature of network since 
wireless medium have no limited boundaries. Wireless channel can have inter symbol 
interference (ISI) due to other strong signals, hidden- exposed node problem and the 
channel medium is time varying. 

 
CSMA/CD and TDMA multiple random access mechanisms are appropriate for ad 
hoc networks due to absence of infrastructure, IEEE suggests CSMA/CA for WLAN 
while TDMA for Bluetooth technology but they are not used for multi hop because 
they support single hop environment as WPAN and WLAN. Beside terminal location 
for end to end support for data delivery, flooding query approach is used in ad hoc 
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networks. Flooding mechanism in the networking protocols works only for limited 
network size but gradual increase in flooding until the terminal is identified can be 
controlled through the counting hops during the propagation of flooding.  
 
Routing and forwarding mechanism in ad hoc network are quite complex and 
complicated due to an unpredictable random nature of the network topology. Routing 
mechanism is categorized in four distinct cast properties [4]. 
 

• Unicast routing 
• Multicast routing 
• Geocast routing 
• Broadcast routing 

 
Unicast routing establishes an efficient route between the communicating terminal 
pairs with reliable and in time message delivery. MANET further spits the routing 
protocols into proactive and reactive protocols. They are emerged form link state and 
distance vector protocols, proactive regularly propagate routing updates between each 
network pair terminals which are in the form of routing tables while proactive reduces 
the overheads though requirement based nodes discovery. Proactive routing route are 
created and maintained through event driven and periodic messages regularly. DSDV, 
OLSR, GRP and TBRPF are few examples of proactive routing protocols. AODV, 
DSR, ABR, SSR and TORA are examples of reactive routing protocols.  In a Unicast 
routing protocols, ZRP acts as a hybrid routing protocol as it contains both proactive 
and reactive properties. 
 
Multicast routing provides support for multipoint applications and uses two main 
approaches for fixed networks i.e. group shared and resource specific tree. Group 
shared approach constructs a single tree while resource specific manages a tree for 
individual nodes which leads towards its all receivers. MAODV and AMRIS are 
examples of multicast routing protocols. These protocols are on demand supported 
through multiple senders/receivers with dynamic network topology which causes 
large overheads for tree maintenance. 
 
GPS and other mechanism are used to provide nodes position location identification 
in location aware routing mechanism; packet forwarding is performed through 
selection of physical location of next neighbouring node. Location aware routing is 
free from storing routing information, maintenance and establishment of routes. Upon 
information of geo-location, both control packets and data packets are forwarded 
towards the destination coordinates comprised of three strategies i.e. greedy 
forwarding, direct forwarding, and hierarchical routing. In greedy forwarding, nodes 
forward the packets to its neighbouring nodes based on certain choices if more than 
single node exist in closer location, while alternative strategy is used if no closer 
nodes exist. In direct flooding, node floods the packets to all the neighbouring nodes 
by using DREAM and LAP routing algorithms. In hierarchical routing, two structure 
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layers are used for routing. First for long distances, location aware routing (LPR 
Protocol) and second for shorter distances, proactive distance routing scheme is used. 
Our selection of the topic area to measure performance indicators or the Unicast 
proactive and reactive routing protocols and the selection of protocols are provided in 
the figure 4.1. 
 
Wireless ad hoc implements TCP for data transmission and its necessary to ensure 
congestion and flow control for reliable data packet delivery at terminals. Although 
TCP performance over wireless infrastructure and cellular networks had been 
optimized and enhanced accordingly but multi hop mobile ad hoc network challenge 
TCP in terms of mobility, nodes interaction, congestion and widowing mechanism, 
etc.  Wireless nature of the Ad hoc network causes severe challenges at the network 
security level especially during wireless broadcasting, as the channels can be 
eavesdropped and changed.  High security risks are associated with the dynamic 
topology change, as it restrict/fails standard security solutions provided for wireless 
infrastructure networks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4-1: Hierarchy of MANET routing protocol selection. 
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Beside security issues data link layer protects through WEP implementations [4, 14], 
securing the routing information is meaningful to ensure the packets travel towards 
correct destination, traverse through correct number of hops and correct path. In ad 
hoc network, secure routing protocols through Ariadne (DSR) and providing 
authenticity through TELSA which manages detection and protection mechanisms in 
Ad hoc vulnerable environment. A proactive routing protocol called SEAD provides 
routing table messages security and authenticity by integration hash function and 
digital signatures as utilized by SAODV [4].    
 
Although Ad hoc networks are precisely designed to overcome the QoS support, 
however this is the most promising and realistic entity, as the only end user get is 
measured through this phenomenal parameter, which demands the whole end to end 
application service area as transparent as it could be to the end users but still be 
injected with high level of security and reliability [4]. QoS parameters excel us to 
design, develop and implement efficient Ad hoc routing protocols to cater the needs. 
Based on the current application profiles, we need to adopt certain threshold levels of 
throughput, delay and packet loss. 
 
Improvements in the wireless network technology leads to new design and 
development in the routing protocols significantly due to powerful low cost 
transceivers since the wireless networks have dynamic network topology. This 
topological change in the wireless networks cause implicit and explicit effects on 
network capacity, link variations, fading, receiver data sensitivity, transmission 
power, interferences, etc. Beside wireless networks, mobile wireless networks have 
bandwidth limitations, higher error rates, and power limitations. Mobile wireless 
networks are divided into infrastructure and ad hoc networks, where an infrastructure 
wireless network consists of wireless access points within transmission range for 
establishing backbone network and ad hoc wireless networks consist of self organized 
autonomous networks with nodes attaining arbitrary motions forming rapid dynamic 
topology change in the network. An important phenomena in mobile ad hoc nodes is 
that, they don’t have long transmission range which causes neighboring nodes to act 
as hops/routers to establish connectivity with the far away nodes. Mobile ad hoc 

network routing protocols face many challenges due to topology change, wireless link 
capacity variations, packet loss, hidden/expose node problem, limited bandwidth/ 

power and computing capabilities. To overcome and control these problems we need 
to describe MANET protocol design issues. 

 
The architecture MANET networks is flat but not hierarchical [4] because each host 
have to act as router and the routing architecture ought to be conceptually flat and 
every address is representing as an identifier itself without describing another node 
topological location. Mobile management is not necessary in flat architecture since all 
nodes available through routing protocol. DSDV and WRP implement flat 
architecture and contain all the entries in the routing tables concerning nodes in the 
network [4]. Flat architecture is affected by scalability problem since the routing 
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mechanism is comprehended through increase in routing information/overhead as the 
network becomes large. So to manage the scalability issue, hierarchical architecture is 
adopted by controlling channels reusability options in terms of time, frequency or 
codes for reducing overhands in routing. Clustering technique is used in hierarchical 
architectures as it divides the hosts in displaced cluster by overlapping them together 
and makes a selection of cluster head in every overlapping cluster which contain 
membership information in that cluster. If, any nodes separate for the clusters need to 
transmit data to the node in the cluster, it must send the packet to cluster heads which 
will then router the data to the destination nodes. CGSR and CBRP protocols work 
according to clustering mechanism in hierarchical architecture. 
 
MANET terminal have limited resources [4], so reliable and efficient routing 
protocols are great problem. However, intelligently designed and developed routing 
protocols can make their destination through the line of significant adoptable 
proportionality. All these tasks in the routing mechanisms are handled through 
algorithms in the MANET. The two most commonly used algorithms of wireless 
networks are link state algorithm or distance vector algorithm. These algorithms use 
flooding strategy; all the nodes on the network flood the periodically broadcasting 
messages which contain network information by means of link cost of neighbouring 
nodes. Every node in the network updates the network view when receiving the 
update packets transmitted through shortest path first algorithm until it completely 
encircle all the nodes in the network. These algorithms are not used in the large 
MANET because the periodic updates can cause many problems such as increase 
delay and bandwidth consumption, decrease throughput, power, etc. However, 
MANET routing protocols are distinguished through how MANET nodes acquire and 
maintain it and are classified into three categories i.e. proactive, reactive and hybrid. 
 
Proactive routing is also termed as table driven because every node in the network 
maintain a routing table that holds the information about reachable neighbouring 
nodes and well as an information about the network topology. If a node called source 
wanted to send the data packets to another node called destination then the routing 
tables are used by the source node to locate the reachable destination node within the 
network which is quite efficient. In case of change in the network topology, a 
broadcasting message is send to the entire node to update the routing table 
information due to the topology change. Wired network algorithms for the routing are 
inherited by many proactive MANET routing protocols with some required 
modification. These protocols enable nodes to update the routing information 
regardless of the data or traffic in transmission.  
 
Reactive routing protocols are termed as on demand protocols since the routing paths 
are identified only when required. A procedural approach called route determination 
is initiated to discover a route and ends when all the possible route permutations are 
traversed in finding the required path or no route has been derived. Since reactive 
protocols only request routes on demand, so route maintenance is managed through 
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less overheads as compared to proactive routing protocols which in essence is the 
advantage to reactive protocol. Reactive routing protocols are also better for 
scalability issues, however long delay and searching route are key problems 
associated in these protocols. 
 
Hybrid routing protocols are designed and develop to establish a connectivity 
between the most striking parameters of each of proactive and reactive protocols by 
integration; however these protocols utilize hierarchical structures [4]. Routing 
protocols requires terminal nodes to perform the following functions:   

 
 

4.1     Organization and delegation 
 

In ad hoc networks, classification is also made by the way nodes perform routing 
based on the routing schemes. Uniform routing describe similar role, functionality 
and important of the mobile nodes as they follow the flat network structure while 
non-uniform protocols there are some difference in routing functionality and 
management since they follow hierarchical management and organization structure. 
Non-uniform protocols are divided in cluster based, zone based, and core based. 
Cluster based protocols implement clustering algorithms where the nodes are group in 
clusters, while cluster-heads are responsible for routing and management operations. 
GSR is a cluster based routing protocol; multilevel structure support for cluster based 
routing are also possible i.e. HSR.  
 
Zone base protocols use distinct construction algorithms to develop a zone in 
organizing the nodes i.e. geographic information which causes the routing overheads 
information. Normally nodes in a similar nodes use less cost comparison routing 
information to reach another node. Some nodes acts as a communication gateway 
between multiple zones or inter-zones and the protocols they use are ZRP and ZHLS 
[4]. Core based routing; dynamically selection of nodes is made for the creation of 
network backbone which provides path construction for routing data and control 
packets i.e. CEDAR protocol. 

 
4.2  Network metric utilization  

 
Mostly routing is performed based on the network metrics and the classification of 
routing protocols construction relies on the number of hops. If multiple paths exist the 
minimum hops traversing the path are selected mostly based on the routing protocol 
used. There are number of critical parameter in selection of the paths i.e. probability 
of path failure. This probability constructs the failure assumption in multiple path 
selections and the link stability is defined in path construction mechanism. ABR and 
SSR are link stability proposed routing approaches based on the routing metric.  
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To know relevancy in the metric is a truth to the selection of the path and routing 
protocol. QoS comprehend the metric information through introducing effective 
traffic class guarantee requirements. QoS metric uphold significant information for 
the described QoS class in routing or forwarding data and control packets. Jitter 
delay, bandwidth, packet loss, cost are QoS metric in wire network while CEDAR 
uses link stability and bandwidth metric in constructing routing path.  
 

4.3 Location, destination and topology evaluation 
 
MANET doesn’t offer static topology however topology based routing exist while 
destination based routing is proposed. Destination based routing requires the node to 
know just an adjacent node in the routing path to forward the packets towards 
destination. DSR, AODV and DSDV are based on destination routing mechanisms. 
GPS and other location based system provide nodes with geographic information to 
forward packet along the mobility information. Location based routing classify the 
routing mechanism in two type i.e. nodes sending the packets to the defined location 
without more information while the other routing mechanism uses location as well as 
topology information e.g. LAR and DREAM which highly recommended for 
MANETS. 

 
4.4   Proactive routing protocol 

 
These are table driven routing protocols, all the nodes in MANET perform route 
evaluations through consistent, updated routing information exchanged and maintain 
routing tables. It results in an efficient routing path establishment for the transmission 
between source node and destination node. Routing table updates are handled due to 
the maintenance of network topology at every node and as soon as the network 
topology change takes place the routing tables makes necessary updates frequently. 
The updates are propagated in the network regardless of the data traffic in the 
network due to implementation proactive routing algorithm. Important proactive 
MANET routing protocols are discussed [4]. 

 
4.4.1 Wireless routing protocol 

 
It’s a Unicast proactive routing protocol for MANET based on Bellmen-Ford routing 
algorithm with some improvements to handle dynamic MANET functionality along 
with reliable exchange of updating messaging and reduction in the routing loops is 
defined. Distance table, link cost table, routing table and list for message re-
transmission called (MRL) is the network is maintained by each node.  Routing table 
in the nodes contain following information [4]: 
 

• Destination node distance 
• Successor and Predecessor in path towards destination 
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• A tag to identify the path state as invalid, loop, or simple. Loop detection and 
avoidance mechanism is optimized through sorting from the predecessor to 
the successor in the routing table entry.     

 
Link cost table consist of neighboring nodes entries which specify the details about 
the cost of the links to the neighbors along with the timeout error messages. Updates 
messages carry routing tables to upgrade the routing information based on changes in 
the link states or either periodic updates. MRL list describes the information of the 
acknowledge messages from the neighboring nodes. Re-transmission of the update 
messages occurred if required, despite Hello message is send to guarantee 
connectivity.  When the update message is received by the node, distance table is 
modified to search other possible routes. Update message consist of sender node 
identifier, sequence number, update list, and response list. If an update message is 
long, then multiple messages are of the same update are sent having control over not 
to send same message again and again. Loops are discovered through consistency 
checks which also make the process speedy. Distance table, link cost and routing 
tables are maintained at each node to perform routing and information management. 
Basic requirement of implementing this protocol is that it requires larger memory for 
storing tables and more computational power and resources, it is also worse with 
respect to scalability since it is proactive in nature. 
 

4.4.2 Destination sequence distance vector 
 
DSDV is also unicast proactive MANET protocol used for routing based on Bellman-
Ford algorithm with improved routing mechanisms to obtain good performance [4]. 
DSDV routing table entry contains information about next hop destination address, a 
complete cost metric of destination routing path and sequence number.  Destination 
creates a sequence number in DSDV for distinguish between stale and fresh routes to 
avoiding loops. Periodic updates of routing tables occur by every node which 
contains routing information to of neighbours. If significant change had been done 
from the previous update a new routing table is transmitted by a node as event 
triggered style. DSDV contains two forms of routing table updates i.e. full dump and 
incremental update [4]. Full dump actually include complete routing table in an 
update message while incremental update constitutes of fewer updated metrics 
entries, the later update can be accommodated in a single updated packet.  
 
DSDV is more efficient then link state algorithm due to less computation and storage 
space, however this algorithm might cause short and long lived loops since nodes 
selects next hop in distributed fashion that can be incorrect due to stale routes. 
Modification made in the algorithm reduces some looping problems by explicitly 
implementing inter-nordal coordination protocol for nodes. This implementation suits 
less change in network topology but MANET have rapid topological change and the 
coordination mechanism is not fully effective in DSDV implementation.  
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Routing information protocol had been successful for small internetworks since it is 
designed to cater changes in the rapid network topology. Poisoned reversed and split 
horizon techniques are not effective in wireless networks because of transmission 
medium and broadcast nature [4]. Packet transmissions occur through routing table 
information present in every network node that contain list of available destinations  
and an information about number of hops along with a sequence number. Every node 
periodically updates through transmitting messages regardless of time 
synchronization, the update packets provide information about accessible nodes 
between source and destination in route path.  
 
The routing information is mainly done through multicasting or broadcasting in a 
periodical packet updates when change in the topology is detected. Other relevant 
information about routing path is maintained to ensure if route stability is obtained 
and rebroadcasting with the same sequence number had been delayed due to 
fluctuations in the routing path based on the node mobility. DSDV requires every 
node to advertise its routing table to its every current neighbour  time to time based 
on approximation such that every node always locate other node in the network when 
required. In wireless networks broadcasting has limited range because of wireless 
medium physical characteristics as compared to wired networks. Every broadcast data 
contains a sequence number with the following information [4]: 
 

• Destination address. 
• Number of hops towards destination.  
• Sequence number originally allocated by destination. 
• Hardware, network address and sequence number which transmitter creates to 

be included in the packet headers contained in routing table. 
 
In the routes that contain fresh sequence numbers provides basis in forwarding 
decisions since it has enhanced metric. Source node has always multiple routes 
towards same destination with fresh sequence number and enhanced metric, with 
previous sequence number and worst metric. It requires care in selection otherwise 
continuous burst of fresh sequence number with new route towards destination is 
accompanied and though propagation affects two neighbouring nodes continuous, a 
delay in advertisement packet can be utilized to obtain better metric until previous 
destination route and node is reachable. Every node consists of two routing tables that 
are forwarding packets and advertised packets (incremental routing packets) to obtain 
imminent routing information probability to suit best metric. In case of similar 
sequence number, smallest metric is used for choosing routing path.  
 
Broken links caused due to node mobility or un-received update messages are 
detected through L2 protocol. Infinity (∞) parameter in the metric define broken link 
in the routing path due to route change or sequence number originated through any 
mobile node other then destination node.  
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4.4.3 Optimized link state routing 
 
Its proactive protocol developed for MANET and based on regular exchange of 
topology driven information. OLSR [15] protocol has been developed for mobile ad 
hoc networks. It regularly exchanges topology information with other nodes on the 
network. The nodes are selected as MPR (multipoint relays) by other neighbor nodes 
which share this information through their control messages. This allows a node to 
declare to the network that the nodes which selected it as an MPR are reachable [16]. 
 
Multipoint relays (MPR) are selected by every node to perform traffic control 
forwarding mechanism. MPR reduces transmission by efficiently controlling flooding 
traffic. Nodes present in MPR announce link state information to provide shortest 
path to the destination routes. This information is announced periodically through 
controlled messages about node reach-ability in MPR, route calculation between 
source and destination is also provided by MPRs. Node route selection through MPRs 
neighbors symmetrically links i.e. bidirectional, it avoids problems related to 
unidirectional links during data packet delivery. OLSR works efficiently in dense and 
in large networks due to MPRs implementation which provides path optimization. 
Each node in SLR uses local information in routing packets while routing is done hop 
by hop. OLSR is also best suited in situations of random traffic of large nodes instead 
of small and less controlled traffic generation routes since most of the routes are 
established all the time with non destination. 
 
Due to the proactive nature of this protocol it can make routes immediately available 
if needed. OLSR can be very useful in situations like when a large subset of nodes is 
interacting with another large number of nodes and where the pairs of source – 
destination change from time to time. 
  
OLSR doesn´t depend on a central entity which means it works in a distributed 
manner. Every node regularly sends control messages; there is no control messages 
transmission in OLSR which causes a considerable loss of such messages. Radio 
networks suffer much from such losses due to collisions. 
 
OLSR is categorized into core functions and an auxiliary functions set [16] while core 
identifies the protocol which can provide routing in stand-alone MANET. The 
auxiliary functions provide other additional facilities. The goal of dividing OLSR into 
core and auxiliary functionality is to create a simple and easy to understand protocol 
and to add complexities only where additional functionalities are required. The core is 
comprised of the following components. 
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4.4.3.1 Packet format and forwarding 
 
A 32 bit packet format has been specified and for the transport of all control messages 
an optimized flooding mechanism is used. 

 
4.4.3.2 Link sensing 

 
OLSR does the link sensing by sending Hello messages [16] regularly on the 
interface over which connectivity is being checked. For each interface a separate 
Hello message is generated. This link sensing results in a local link set which 
describes the links between the local and the remote interfaces. 

 
4.4.3.3 Neighbor detection 

 
Neighbor detection [16] uses the main addresses of the nodes and also the neighbor 
entries are closely connected to link entries. When a link entry is created, the 
neighbor table is checked for any corresponding neighbor entries. If not hits are 
returned then a new neighbor entry is created. If there are changes made to the link-
set, the status of the neighbor entries must be updated accordingly. 

 
4.4.3.4  MPR selection and signaling 

 
The main purpose of MPR selection is that a node selects a subset of its neighbors 
such that when all the selected neighbors broadcast a message, it should be received 
by all the nodes two hops away [16].  
 

4.4.3.5  Topology control message diffusion 
 
Topology control message diffusion provides each node in the network with enough 
link state information for calculation of the route. 

 
4.4.3.6 Route calculation 

   
The route for each node can be computed from the link state information gathered 
through periodic exchange of messages and also the interface configuration of nodes. 
 
OLSR implements link state algorithm which poses an exception of immediate routes 
availability when required, partial link state is necessary to flood packets through 
shortest paths, and the information for each node present in MPRs should announce 
link to other MPR selections. The time interval is reduced for periodic control 
transmission messages to optimize topological changes. The OLRS resign suits 
distributed network, unreliable control transmission messages i.e. every node has 
freedom to send periodical control messages. There is no explicit message sequence 
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delivery number since control messages hold the message information about the 
sequence number in serial way i.e. for every message a sequence number is 
incremented and the receiving node of control message identify it through the most 
recent information message received during transmission. OLSR also supports sleep 
mode and multicast routing operations without appending IP packet format.  
 
MPR implementation in OLSR reduces flooding message overhead by deceasing 
redundant retransmission of packets in the network belonging to similar region. MPR 
is actually a selection of single node in network towards a set of selectable similar 
one hop neighboring nodes used for message retransmission. This selection of node 
by a single node is called MPR; all the nodes which are not in MPR can only 
broadcast and receive messages but does not retransmit messages.  The MPR 
selection of a node mainly covers radio range of a node selection. OLSR protocol has 
core module functionality to operate along with some auxiliary functions to offer 
routing as a standalone MANET. The auxiliary functions are compatible and provide 
connectivity for MANET and other domains. The division of core and auxiliary 
functionality makes it easy and simple protocol. Core functionality describes node 
behavior, operative interfaces, and routing protocol in the MANET. Core has six 
main components: 
 

• The packet format and forwarding mechanism obtained through traffic control 
messages. 

• Link sensing is obtained through producing “Hello” messages to check 
interfaces for connectivity. 

• The neighboring node detection by sole interface nodes in a network. In case 
of multiple node interfaces, multiple interface declaration messages are 
required to interface network. 

• Signaling and selection of MPR for each node to broadcast and retransmit by 
neighbors in two hops away after meeting certain interface conditions.  

• To control topology diffusion in order to provide link state information to 
each node for allowing route the computation. 

• Link state information and interface configuration results in computing 
routing table. 

 
 
4.4.4 Fisheye state routing 

 
It is hierarchical proactive protocol used to decrease information required for 
representing graphical data, node distance and path from neighboring nodes about 
information quality is maintained as increase in the distance is observed in routing 
[4]. Network topology map is maintained at each node, when ever node detects some 
change in the topology link state packets are not flooded in network as in LSR 
location but up to date information from the neighboring nodes is received 
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periodically. These updates replace large sequence numbers by the smaller ones in the 
table.  
 
Disconnect and reconnect problems are frequently administered in mobile wireless 
network nodes, FSR handles it through even driven, decreasing overhead in control 
messages and topology map information exchange. Within an increase in the network 
size update messages require more bandwidth depending upon message update 
periods and size which can seriously cause extra resource utilization such that it is 
highly important for the nodes to utilize their resources through optimization 
techniques. 
 

4.5 Reactive routing protocols 
 
Reactive routing protocols are also called as On Demand protocols since the paths are 
only searched when required [4]. Route determination is initiated through route 
discovery until the route is identified or no routes are present by running 
permutations. Node mobility may cause disconnection with existing identified routing 
paths, which is managed through route maintenance operation. Reactive routing 
protocols use less overhead on control packets and thus offer better scalability options 
as compared to proactive protocols. Main drawback is that when ever source node 
intend to send data the route determination procedure is initiated and search is carried 
out which directly increase the source waiting time before actual data transfer starts 
and could also cause long delays. DSR, AODV, TORA, LAR, and ARA are reactive 
routing protocols described below. 
 

4.5.1 DSR 
 
The routing protocol name dynamic source routing protocol (DSR) [17] is the simple 
design, competent and efficient protocol which is designed for mesh networks 
connected through wirelessly. The protocol is designed for the use of more the one 
hop ad hoc networks of the changeable nodes. Network itself organizes and 
configures them self using the DSR protocol [17]. It contain the features of self 
organization and configuration of network without any infrastructure support, nodes 
in the network perform packet forwarding mechanism to communication between 
multiple hops in define wireless range. Wireless Ad Hoc network nodes have high 
mobility ratio which relates the nodes to network connectivity based on the 
transmission range maintained by the DSR protocol. 
 
DSR protocol implementation doesn’t require underlying network or administration. 
To allow communication between more than one hope the nodes work together by 
forwarding packets in between each other when the nodes that are not directly with in 
the range of the wireless transmission of one another. Using the DSR protocol all 
routing is automatically determines and maintained. 

48 
 



 
The DSR routing protocol gives the functionality to the nodes to discover 
dynamically the route which act as source between more than one networks hopes to 
any destiny in the mobile ad hoc network. The complete list of the ordered nodes and 
all information is present in the header of the data packet. This protocol work quite 
effective and implements dynamic route discovery procedure since the dynamic 
change in the route due to intermediates hops connectivity state might cause rapid 
change. Each node in the network perform dynamic route discovery search due to 
DSR since every data packet consist of list of hops form which it should pass through 
to reach the destination. By including the source route in the header of the data packet 
different nodes forwarding these packets may easily safe this routing information for 
the use in future. 
 
The discovery and the source route maintenance are done by the DSR routing 
protocol that comprises of the two different mechanisms [17]. 
 
The discovery of the route is the process by which the source node wishes to forward 
or wants to send the packet to some destination node gets the source routes to the 
destination. The discovery of the route is only used when the source wants or makes 
some attempts to forward the packet to the destination and it doesn’t know the path or 
some route to the destination. Route discovery is an initial procedure when source 
node intends to send data packets to destination node while the route to the 
destination node is unknown. 
 
Route maintenance is a process by which the source node can detect while it is using 
the source route to the destination, if the topology of the network is altered so that the 
route to the destination is no longer to use. Route maintenance is procedure which 
acts when source node wants to send data packets to destination node but the defined 
route between source and destination becomes broken due to rapid dynamic topology 
change such that route maintenance procedure will look for alternative route to 
identify another possible routing and if the alternative path doesn’t exists then 
maintenance will invoke route discover procedure to locate the new routing path. 
The discovery and the maintenance of the route work totally on demand [17]. In the 
DSR routing protocol the working of the route discovery and route maintenance is 
designed to allow the links that are unidirectional the routes that are asymmetric are 
easily supported. The DSR permits the links that are unidirectional that are used when 
needed or when it is necessary so that by improving the total connectivity of the 
network in the system and the performance. The internetworking of the different 
types of the wireless networks supported by the DSR routing protocol allowing the 
source route to be mixed of hopes over the binding or the combination of the any type 
of the available network. 
 
DSR doesn’t require any periodic packets like link status, routing advertisement, 
neighboring node detection at any network level as a result lower packet overheads 
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extent to zero during the stationary state of all the nodes in the network. Within 
change in the communication pattern and node movement’s packet overhead extends 
automatically to the required number of usage routes. If a request form the node 
initiate for a route discovery to the destination, multiple route cache is maintained by 
the node to route packets towards destination, and any changes in future routing cause 
failure the alternative routes are utilized. These multiple routes cache maintained by 
the node helps in avoiding overheads caused due to route breakage and then locating 
new routes discovery.  DSR route discovery and maintenance operations allow 
asymmetric routes and unidirectional routes for simplicity as these mechanisms in the 
wireless network are restricted due to interference sources or antenna propagation 
patterns. Thus unidirectional links improve the overall network performance 
implemented by DSR protocol.      
 
Strong internetworking support in DSR allows multiple different wireless networks 
i.e. nodes with short and long range or a combination of both as a distinct single ad 
hoc network. DSR also provide support for internet routing, a node acts as a gateway 
when connected to an internet integrating mobile IP routing in ad hoc network and 
also serve as a foreign agent in mobile IP. 
 
When some source node originates a packets which is new and forward to the 
destination node in the packet header it place a source route , giving the sequence or 
the number of the hopes that the packet would move on the way to the destination. 
The source node will get a exact source route through route cache of the paths or the 
routes that are learned previously, but if in the cache the route or the path is not found 
the initiation of the route discovery protocol is done to find another route to the 
destination dynamically [17]. 
 
In DSR routing [4,17] data packet transmission in network generally occur when 
some source node say S originates new data packets towards the destination node say 
D.  The S places source route in the data packet header identifying the number of 
hops a packet will follow to reach D. S obtains the route from the multiple route 
cache already maintained by S, if there exists no routes destined towards D, then S 
will initiate a routing discovery operation to find route towards D.  Router discover 
operation is performed by initiating route discover operation by the source, route 
request messages will be broadcasted in the network in an available radio 
transmission range of source. Route message broadcasted in the network contain 
message identifier, unique request ID and record address list of an intermediate hops 
(list is empty when initiator send message request). Upon receipt of the target node 
route discover message receives the request message, the target node reply to the 
initiator with the message containing a record of an accumulated route. The received 
reply message from the target nodes to the initiator cache the routes for proper 
packets transmission.      
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If target node receives the same route request message multiple times with the same 
initiator for same request ID or route record list already contains the target address, 
then target node discard the route request. Otherwise in absence of the address in 
route record node will append its own address in the record list and locally broadcast 
the packet with similar request ID. It causes the target node to lookup in the route 
cache for an appropriate route back towards the initiator, if the route is not found then 
target node will perform rote discovery operation for the initiator avoiding recursion 
through piggybacking. TCP synchronization packets can also be piggyback in similar 
way; however target node can reverse the route record hops sequence and utilize it as 
a source route. 
 
A nodes initiating the route discovery request always save original message copy in 
the send buffer, which contain copies of all the packets which are not transmitted to 
the destination due to unavailability of the routes to destinations. Each packet in the 
send buffer is stamped with certain time stamp and is automatically discarded after 
timeout to prevent buffer overflow. Routing discovery procedure in initiated for 
limited number of times during its presence in the send buffer because the target node 
can also be currently unreachable. The nodes density in the network possesses limited 
wireless range and dynamic movement patterns causing the network to be partitioned 
in such a way that target nodes doesn’t contain the sequence of hops to receive the 
packets. If the nodes dense situation requires every packet to initiate route discovery 
operation then there will be large unproductive request packets in the network. An 
exponential back-off mechanism limits the number of new route discovery request 
from same source to target node, however the minimum allowable time interval for 
route request is reached for same node to initiate the route discovery for more packets 
to be sent. Same mechanism is used for the route discovery request during the inter 
nodes i.e. mobile IP.          
 
Using the source route by forwarding or originating the packet [9], each node that 
transmit the packet is responsible for that packet that should be received by the other 
hope along with the source route, the packet is transmitted again and again till the 
conformation of the receipt is get or received. 
 
Route maintenance is the next step after route discovery and both are very much 
interlinked, after route discovery, source intend to execute the data transmission 
based on multiple hopes required for forwarding the packets assuring source that next 
hop has received the packet along with the source route. If some problem occurred 
during the data transmission and packet get lost, the packet is retransmitted until 
limited times before it is received. If e.g. five sequence nodes constitute ad hoc 
network and node 1 send the packet to node 5 follow by node 2, 3, and 4 then node 2 
depends on node 1, node3 depends on node 2, node 4 depends on node 3 and node 5 
depends on node 4 for forwarding the packets to target. The confirmation about 
packet receipt at nodes 2, 3, 4 and 5 bear negligible cost for DSR. The packet receipt 
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acknowledgment at nodes1, 2, 3 and 4 are supported through MAC protocol, IEEE 
802.11 link level acknowledgment mechanism, or through passive acknowledgement.  

 
However, if the acknowledgement is not present, the receipt of packet node will 
request DSR-specific software acknowledgment by setting bit in the packet header to 
sender. In case of unidirectional links, DSR software acknowledgement is routes back 
to sender through multi hops. During packet retransmission by a node at maximum 
number limit without receiving an acknowledgment, then error message for route is 
generated for the source sender. 
 

4.5.2 AODV 
 
AODV [4] is a reactive MANET routing protocol, it offers repairing links which are 
broken while route is in loop Free State, demands less bandwidth availability because 
of no requirement of global periodic routings advertisement, maintenance of all the 
benefits of basic distance vector mechanism for routing. 
 
AODV uses symmetric links amongst the nodes usually do not trace back the paths of 
the node, while nodes are in no position to link each other. Nodes do not keep up any 
information about routing and it does not contribute in the exchange of routing table 
periodically. It also cannot discover and keep the route to any other node unless the 
two of the nodes required to communicate while one node offers its service and it 
intermediate the forwarding station for the maintenance of connection between two 
nodes. Every mobile node of the neighborhood can get information about other nodes 
as soon as local connection of mobile nodes is of its interest.  
 
AODV [18] use the routing discovery for broadcast mechanism which is used in DSR 
algorithm with some changes. In spite of source routing AODV rely on establishment 
of route table in dynamic form while entering the table at the intermediate nodes. It is 
an algorithm for providing necessary operation in the ad hoc networks. Every hope in 
the network work as router to obtain routes, routes may be on demand or periodic 
advertisements by neighboring hops. Due to no global advertisements in the network, 
the available hops bandwidth is sufficient for demand driven routing advertisement as 
compared to other networks. Symmetric links are used by AODV protocol for 
neighboring nodes. Nodes don’t contain active paths, routing information and 
exchange of periodic routing tables. Nodes perform route discovery and maintenance 
until two nodes compromised on communication and the intermediate nodes offer 
forwarding mechanisms between them. Hello messages are broadcasted between 
mobile nodes of local connectivity area within network to aware neighbors about 
them. Each node at organized the routing table for optimizing response time and new 
routes establishment during local movements. 
 
The AODV algorithm basically concentrates on the several key points in focus. 
Nodes should broadcast the route discovery packets when they are required, identify 
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between neighborhood nodes detection and topology maintenance, distribute the route 
changing information about the nodes to those nodes who are entitled to receive the 
updated information.  In the algorithm, source routing is primarily used but 
sometimes dynamic routing is required at intermediate nodes. To maintain routing 
information between the nodes, DSDV sequence number technique is encouraged by 
which each node increases the sequence number monotonically. Thus the algorithm 
actually provides bandwidth efficiency by reducing network load while data traffic 
handles loop free network routing.  
 

4.5.2.1 Path discovery 
 
The process of path discovery starts when the source nodes require the 
communication with other node with which it has no information regarding routing 
table. Each of the nodes maintains specific counters i.e. node sequence number and 
broadcast ID. By broadcasting the route request packets toward the neighbors it 
actually initiates the path discovery. The route request contains the fields as follows 
[4, 18]: 
 

1. Source address 
2. Source sequence number 
3. Broadcast id 
4. Destination address 
5. Destination Sequence number 
6. Hop count 

 
When node in the network intends to send data packet to the other node, path 
discovery procedure is carried out to obtain routing information. Node is responsible 
to maintain node sequence number counter and broadcast counter. RREQ request is 
broadcasted to neighbors to obtain the following information: 
 
The source address and broadcast id are required to distinctively identify RREQ and 
broadcast id increments after every source issuing a new RREQ. Reply to the RREQ 
is obtained by the sources or either neighboring nodes broadcasting RREQ to count 
hops. It is possible that single node receives multiple RREQ but viewing at the 
broadcast id and source address they can actually drop the duplicate RREQs.  In case 
the node is unable to satisfy RREQ request then it will utilize source IP, destination 
IP, broadcast ID, and reverse path expiry time, sequence number of source node to 
implement reverse and forward path setup. Beside broadcast id RREQ contains two 
sequence numbers i.e. source sequence number and the destination sequence number 
which are required for tracking back fresh route to the source by the intermediate 
nodes and by the destination node. RREQ travelling form source to destinations 
automatically locates the reverse path to the source form all nodes.  
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When the RREQ is received at the actual destination node which itself route the 
RREQ to the destination but it first check if the RREQ is received through 
bidirectional link and the intermediate node had desired destination route entry along 
with comparison of destination sequence number and to the sequence number in 
RREQ, if the sequence number in RREQ is more than an intermediate nodes should 
not have recorded route for RREQ and an intermediate should re-broadcast RREQ.  
So an intermediate node holds the responsibility not to broadcast the RREQ until the 
sequence number is equal or greater. Unicast route reply of the packet (RREP) is sent 
back to the neighbor node if the intermediate node does not contain the current 
destination route. If RREP received at the source holds a same or greater sequence 
number of destination it contains it and updates the routing information. Upon 
receiving first RREP at source, source starts transmitting the data while a decrease in 
RREP is obtained afterward along with updated routing information date required to 
continue the data transmission. 
 
The source address and broadcast id identify the RREQ. Broad cast id is incremented 
when the new RREQ issues the source. Here any node can receive more than one 
copy of the same route broadcast packet from different neighbors. While RREQ is 
received by the intermediate node if RREQ with the same broadcast id is received 
with source address it will leave the redundant RREQ and it will not broadcast it 
again. IF the RREQ is not satisfied by any node then node will keep the track of 
following data which will be implemented in the reverse path setup as well in forward 
path setup [18]. 
 
IP address of the Destination, IP address of the Source, ID of the Broadcast, Expiry 
time of the reverse entry of path which is to be routed, Sequence number of the 
Source node 
 

4.5.2.2 Reverse path setup 
 
Other then broadcast id there are two sequence numbers i.e. source and destination 
sequence number. Source sequence number maintain the information regarding the 
reverse route of the source while destination sequence number show to which extend 
the route should be latest toward the destination which is accepted by the source. 
RREQ move form source to the direction of different destinations. In order to make 
the reverse path, node will record the address of neighboring nodes which is received 
by the first copy of RREQ [18]. 
 

4.5.2.3 Forward path setup 
 

At the end RREQ will reach the node which would be destination node. It contains 
the current route of the destination node. The received node will search whether 
RREQ was received on the link which would be bidirectional. If the node which is 
considered, is an intermediate one and has the route entry for the destination , it will 
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then show either if the route is current or not by comparing  the sequence number of  
the destination in the route entry to the destination sequence number which would be 
in RREQ. If RREQ sequence number found being greater than the recorded 
intermediate node then intermediate node will not use the specified route recorded to 
show reply back to the RREQ. Rather it will again broadcast the RREQ. The 
intermediate nodes reply only in case when route has sequence number equal or 
greater than the contain one in RREQ. If no current route for the destination and if 
RREQ is not processed earlier then node can unicast the RREQ to its neighbor which 
it has received RREQ. The RREQ usually contain the following data [18]. 
 
<source address_ destination address_ destination sequence number, hop _cnt, 
lifetime>  
 
While broad cast packet reach the node it can then supply route for destination, it will 
establish the reverse path of RREQ. RREQ can travel toward the source back so each 
node set the forward pointer toward the node from which RREP arrives. It then 
updates the information about timeout to route the entries for the source and 
destination respectively. 
 
RREP received node will first move to the specified source. It will get the RREPs 
later. After updating the routing information it move toward the RREP in it has RREP 
greater than the destination sequence number than the later RREP. It reduces the 
overall RREPs it gets. This reduces the number of RREPs which propagates to the 
source keeping the latest routing information. Source node will then restart the 
transmission of data when it receives the first RREP. 
 

4.5.2.4 Route table management 
 
Routing table is managed at the nodes beside sequence numbers termed as soft 
entries.  These entries are associated in the table e.g.  
 

• Reverse path entry manages the timer which cleans all the un necessary node 
in the routing path which are no more involved in the routing data packets 
between source and destination depending upon the network size for timer 
expiry. 

• Routing cache timeout entry parameter handle the timer to validate the time 
for routing packets and after its expiry, the route is considered invalid. 

 
Every entry in the routing table maintain active neighbors addresses involved in 
the destination packet delivery and similarly an neighbor node involved in a 
single packet deliver is consider as active neighbor until timeout. Active source 
are informed if any breakage in the routing path is encountered. Any route entry 
involved in active neighbor nodes is termed as active while active path is the path 
of packets of active entries along source to destination. Since every route in 
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DSDV routing tables are label with the destination sequence number that 
guarantee loop free routing even at highest node mobility. Every node is 
responsible to manage routing table and entries for required destinations and 
consists of following parameters: 
 
1. Destination 
2. Next hop 
3. Metric  
4. Destination sequence number 
5. Route active neighbors 
6. Route table expiry time in the routing table 

 
Expiry time of the routing table entry is set according to current time of the data 
transmission and timeout of active route. If some new route is recommended then 
current sequence number of destination is compared with the new destination 
sequence number and if the new destination sequence number is greater, and then the 
new route is selected. In case of same sequence numbers, route with the smaller 
metric is selected as it will involve less number of hops towards destination.  
 
Useful information like routing table entries are also stored in route table besides the 
source and destination sequence numbers [18]. This is also called as soft state. Timer 
known as route request expiration timer is associated with the reverse path and it is 
used to remove the unnecessary reverse path routing entries in node which do not fall 
in the direction from destination back to source. The size of the adhoc network 
determine the expiration time. Each routing table maintains the addresses of active 
neighbors from which packets are given toward the destination. Active neighbor is 
defined as if it sends at least one packet during the timeout period. It is for the 
information so it may maintain the link information regarding the path to the 
destination just in case if it breaks. Path from source to the destination is called active 
path. A mobiles node will keep the data of route table of the entire destination which 
it interest. Route table has data regarding Destinations, Next hops, Numbers of hop, 
Sequence numbers of the destinations, Active neighbor for this route and Expiry time 
for the route table entry 
 

4.5.2.5 Path maintenance 
 
Path maintenance between the nodes mobility during data transmission is important 
as it affects the routing path between sources and destination and could even result to 
packet drops situations. Nodes that are not involved the active route path have merely 
any affect on the data transmission, however of the source node is transmitting data 
towards destination and is also in mobility then it will continuous initiate new route 
discovery procedure to complete transmission. In case of mobility in the intermediate 
node or destination node involved in the active route path, source node receives 
RREP and sends HELLO messages periodically for managing symmetric link and 
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detection of link failures. If the intermediate hops perform mobility and forwarding 
packets experience failure due to unreachable hops an upstream of unsolicited RREP 
propagates with new sequence number greater than the previous sequence number. 
The process for active route continues every source nodes is informed about the link 
failure, and thus source will again initiate a route discovery procedure unless new 
route is discovered to the destination if it is required. If source or intermediate nodes 
determine to rebuild the route, they will send RREQ along with incremented 
destination sequence number to guarantee that the previous route is still valid for 
transmission. 
 
A special RREP is sent when intermediate or destination node move. To make sure 
the symmetric links, periodic hello message is sent which is also used as link failure 
detection. These kinds of failures can be identified by LLACKs [18]. 
 
If the next hop is not approachable node of the upstream breaks the propagation of 
free RREP with the newest sequence number. If the sequence number is greater than 
the earlier sequence number the nodes will later on send the message to the 
neighbors. It will make sure that all nodes are notified. After then it will terminate the 
process as AODV only keep the track of loop free routes while it limited number of 
nodes in the ad hoc network. 
 
In [18], if broken links are notified the source node will again start the process of 
discovery if route toward the destination is required. Node can check if route is used 
recently while it find the upper level protocols control block to check open 
connection to use belonging to specified destination. If any node along with previous 
route wants to rebuild the route toward the destination it will move forward the 
RREQ along with the destination sequence number of the one which is larger than the 
earlier defined sequence number. 
 

4.5.2.6 Local connectivity management 
 
In the network HELLO message is broadcasted to obtain local connectivity with the 
neighbors. Hello message is unsolicited RREP request with its own sequence number 
and identity.  This Hello message is not re=broadcasted to other neighbors as it 
contains TTL value set to one. Neighboring nodes upon receiving the HELLO 
message updates their local connectivity information. When Hello messages are 
broadcasted in the network or no HELLO messages are received at the neighbors, it 
means that the local connectivity at the node is changes. In case of active routes, no 
reply of the HELLO message received results in the failure of link notifications. 
Local connectivity management address that HELLO messages from the nodes 
having bidirectional connectivity can be bidirectional and are neighbors. So the nodes 
hearing HELLO messages list them neighboring nodes form which they have receive 
the HELLO message. So this helps in discovering and managing routes form only 
neighboring nodes. 
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Nodes can find its neighbor by either receiving broadcast from neighbor or by 
updating the connection information. If node didn’t sends any packet to the active 
neighbors in downstream during the Hello interval it will then broadcast the message 
to neighbors using free RREP which have its identity and its sequence number. The 
sequence number of node will not be changed during the transmission of Hello 
message. The value of TTL is set for one just to prevent the message being 
rebroadcast outside the neighbors. Any neighbor who gets this packet will update its 
local connection data to the node. If from next hop messages are not received along 
an active path, the active neighbors using that next hop will be sent for link failure. 
From [4, 18] Optimal value of the Hello loss is estimated as value two. Hello message 
can also be used for considering the bidirectional connections to be neighbors. For 
this each message which is sent by the node will lists nodes which have been listened. 
Each node can make sure whether neighbors send routes which has listened the 
message. In order to use minimum bandwidth such kind of checking must be 
exercised. 

 
4.5.3 Temporally ordered routing algorithm 
 

TORA is based on link reversal routing algorithm designed for IP datagram [4]. It 
works like an ordered sequence of spreading computations for directly reversing 
links. This protocol is considered efficient, scalable and adaptive for larger dense 
mobile ad hoc networks. Protocol logical or physical clock establishes a temporal 
clock necessary for the topology changes. Temporal clock subsequently structures 
algorithm reaction in terms of topology change. TORA algorithm operations suits for 
loop free routes, provision of multiple routes, rapid route creation, distributed 
functionality, minimize overhead during communication by implementing algorithm 
for reaction as in topology change, optimize routing mechanism based on shortest 
path, support for not maintaining unnecessary links between nodes around the clock. 
Source attempting to start data transmission shall not require a route obtained 
previously, as it might have been changed due to changing topology.  
 
TORA is designed for minimize reaction due to change of topology by de-coupling 
the control message.  Control messages are locally distributes among small set of 
nodes closer to transform without any option of dynamic and hierarchical solution to 
routing through assistant complexity. Control message are propagated to far reach in 
order to optimize the route and soft state route confirmation.  This far reaching 
propagation occurs rarely in the network irrespective of the network dynamics. 
TORA node distribution maintains only single hope information and loop free route 
verification. Source initiates the route request when required which results in quick 
multiple routes establishment although single route to the destination is enough 
however the topology changes doesn’t have any reaction [4].  
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TORA logically contain three main functionalities [4] i.e. route creation, route 
maintenance and route erasing. Route creation tends to establish direct sequenced link 
between nodes towards destination. TORA route creation functionality works when 
there is no direct link form the node to destination and the node require such a link to 
destination. The process of route creation works similar to process of query reply i.e. 
directed acyclic graph is build at the destination from a root node without any down 
streaming links. This directed acyclic graph is termed into destination oriented 
directed acyclic graph. Routes are maintained according to the network topology 
change such that re-establishment of routes occurs during some finite period of time.  
 
Connected networks are supported through Gafni Bertsekas algorithm, however t he 
destination partitioning is the disadvantage caused due to instability and hence are not 
suitable for ad hoc networks. TORA implement a new algorithm with more efficiency 
towards topology change and with the possibility of network portioning detection, the 
erasing route functionality. As soon as the links partitioned links are detected from 
the destination, they are marked as undirected links and should be erased. Query, 
update and clear are three control packets which perform these functionalities.  

  
Wireless ad hoc networks is susceptible to active and passive security attacks 
including DOS, impersonation, disclosure  attack, eavesdropping, etc. Data link layer 
security is maintained through implementation of WEP scheme for data integrity and 
encryption. Most important factor in security of to secure the routing mechanism, 
otherwise routing protocol can be disrupted through changing route information, thus 
fabricating information and causing impersonation in another nodes. 

 
4.5.4 Geographical routing protocol 
 

GRP [4] is proactive routing protocol, follows hop by hop routing type and make 
periodical frequency updates. It doesn’t provide multiple routes and in cause full 
flooding in worst case. GRP routing mechanism involves number of steps described 
below: 

• In order to keep the information about the neighbor nodes Hello Messages are 
broadcasted periodically. 

• Local connectivity is testified through the Hello Messages received from the 
neighbor nodes, if Hello message is not receive in a specified period called as 
“Neighbor expiry time”, link lost is assumed. 

•  All the nodes in the MANET network perform initial flooding to bootstrap 
the network. 

• Nodes position is determined by either flooding mechanism or GPS positing, 
also the position updates is handle through flooding. 

• A fuzzy routing criterion is used to reduce the overhead cause due to the 
flooding. 
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•  Network is divided in different quadrants and information is managed 
through flooding mechanism when nodes send messages about the position 
updates. 

•  GRP forwards packets to the destination regarding shortest distance, a node 
receive a packet send the closest node the packet following the destination 
route. Any loops in the packet delivery to the destination are traversed. 

• Backtracking mechanism is used in case the routes are blocked, so packets 
return to the previous hop and then again a new route is defined. 
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CHAPTER 5                METHODOLOGY 
 

 
Research methodology is categorized into two research approaches i.e. qualitative 
analysis and quantitative analysis. Both approaches define by [19] are;  

 
• Qualitative Research: 

A research involving data collection and analysis, conduct interviews and observe 
behaviors, data is narrative (non-numerical), individuals focused with complete 
description. The researchers also involve itself and designing is much flexible. 

 
• Quantitative Research: 

A research involving data collection through questionnaires and computers for 
data collections are highly admissible.  Data is in numerical and/or statistical 
nature with sampling methods. Researchers define some hypothesis and based the 
assumption on the statistical / numerical data obtain through well structured 
design. 

 
Our research encounters the combination of research approaches through acquiring 
Qualitative method to gains knowledge about the MANET and its routing protocols 
required for the quantitative method. The quantitative methods develop knowledge 
about the strategies necessary acquired for simulation steps to perform successful 
experiment, gather simulation results and statistics. Figure 5.1 depicts the research 
methodology approach. We provide short description of each phase and entities 
associated with our research methodology and are shown in figure 5.1;  

 
5.1 Problem selection 

It contains four important entities linked and is the main phase for the research study.  
 

5.1.1 Technology emergence 
 

MANET is an emerging technology in this decade and there had been novel 
contributions made by many researchers. These reasons foster us to select the 
demanding topic for our master thesis study. 

 
5.1.2 Real problem  

 
Since MANET will be soon implemented and deployed in the reality, situations in 
specific conditions already addressed in Chapter 1, so this problem selection directly 
focus the users of this technology specially related to the applications running of the 
mobile nodes. 
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5.1.3 State of art 

 
It was highly required to perform MANET state of the art study to develop 
background knowledge for problem selection and also for conducting the research 
afterwards.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

  
 
 

Figure 5-1: Research methodology 
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5.2 Research study 
 

Our research study involves general and well as focus theoretical study based on the 
MANET, simulation tool (OPNET), routing protocols, etc. Also research study helps 
to formalize research questions described in Introduction and expected outcomes. 

 
5.2.1 Research questions 

 
Our study contains three research questions based on state of art study and answers 
will be provided after simulation results.  

 
5.3 Simulation results 

 
This phase consists of the two types of scenarios described in Chapter 4. Each 
scenario contains four protocols and different number of nodes while applications 
will vary between FTP and HTTP. 

  
5.3.1 Scenario 1 

 
This scenario caters information regarding to FTP application traffic for AODV, 
DSR, GRP and OLSR MANET routing protocols. Set of number of nodes i.e. 10, 20, 
30, 40 and 50 are selected to analyze the behavior of each MANET routing protocol. 

 
5.3.2 Scenario 2 

 
This scenario caters information regarding to HTTP application traffic for AODV, 
DSR, GRP and OLSR MANET routing protocols. Set of number of nodes i.e. 10, 20, 
30, 40 and 50 are selected to analyze the behavior of each MANET routing protocol. 

 
5.4 Problem solution 

 
After successfully conducting simulation experiments, discussions and conclusion are 
made separately to see what factors affect MANET routing protocol performances in 
terms of end to end delay, throughput, packet delivery fraction, and normalized 
routing load. 

 
5.5 Validity 

 
Research study validity is obtained through start of art study, simulation results and 
problem solution. 
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CHAPTER 6        Simulation and Experiment Description 
 
6.1 Simulation Model 
 
Simulation model is designed and developed in OPNET which reflect an actual MANET 
network. Simulation model consists of model design, execution and analysis depicted in 
figure 6.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1: Simulation Model [20] 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 6.2: Simulation flow 
 
6.1.1 Network model design 
 
In this phase, according to the scenarios, each network model is designed. The physically 
difference seen is in the number of nodes in each scenario i.e. 10, 20, 30, 40, and 50. Figure 
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6.3 contain 50 Wireless LAN mobile nodes, application server, application profile, 
application configuration, and mobility modules. 
 

 
 

Figure 6.3: Network Model (50 Nodes) 
 
6.1.2 Configuring statistics 

 
Since the number of nodes and other modules are required to configure according to 
table 6.1, MANET routing protocols and applications are different in both scenarios. 
Selection of application i.e. FTP or HTTP is made and kept unchanged until 
simulations is performed for 10, 20, 30,  40, and 50 nodes each with AODV, DSR, 
GRP and OLSR MANET routing protocols and results are obtained. Statistics are 
applied step by step based on keeping the application and MANET routing protocol 
constant and then changing the number of nodes form 10 to 50. 
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6.1.3 Run Simulations 
 

After applying the statistics to mobile nodes and other modules, simulation is run for 
150 seconds for each scenario. There are 20 scenarios for HTTP application and same 
20 scenarios for FTP traffic. 
 

6.1.4 Gather results 
 

After successful completion of the simulations, results are selected according to the 
problem solution. Results are collected in the form of graphs, with overlaid data 
displaying multiple values. Vector values results are collected and displayed directly 
while for performance parameter comparisons on MANET routing protocols we have 
also obtained scalar values. The scalar values are collected, formatted and displayed 
in excel sheet and analyzed further for throughput, end to end delay, packet delivery 
fraction and normalized routing load. 
 

6.2 Scenario description 
 

Table 6.1describe the layout of the simulation scenarios. 
  
 
Application Users/Nodes AODV DSR GRP OLSR 

 
 
HTTP 

10 10_AODV_HTTP 10_DSR_HTTP 10_GRP_HTTP 10_OLSR_HTTP 

20 20_AODV_HTTP 20_DSR_HTTP 20_DSR_HTTP 20_OLSR_HTTP 

30 30_AODV_HTTP 30_DSR_HTTP 30_DSR_HTTP 30_OLSR_HTTP 

40 40_AODV_HTTP 40_DSR_HTTP 40_DSR_HTTP 40_OLSR_HTTP 

50 50_AODV_HTTP 50_DSR_HTTP 50_DSR_HTTP 50_OLSR_HTTP 

      

 
 
FTP 

10 10_AODV_FTP 10_DSR_ FTP 10_DSR_ FTP 10_OLSR_ FTP 

20 20_AODV_ FTP 20_DSR_ FTP 20_DSR_ FTP 20_OLSR_ FTP 

30 30_AODV_ FTP 30_DSR_ FTP 30_DSR_ FTP 30_OLSR_ FTP 

40 40_AODV_ FTP 40_DSR_ FTP 40_DSR_ FTP 40_OLSR_ FTP 

50 50_AODV_ FTP 50_DSR_ FTP 50_DSR_ FTP 50_OLSR_ FTP 

 
: Single Scenario  

 
Table 6.1: Simulation Scenarios 
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6.3 Experiment aims 
 
The aim of simulation experiment is to analyze the behavior MANET routing 
protocols in terms of number of nodes and application. Basically four MANET 
routing protocols are chosen due to the simulation support provides by OPNET 14.5 
and FTP and HTTP application traffics are considered for this experiment. The reason 
for choosing FTP and HTTP are because, there two kinds of applications are mostly 
utilized and required by every kind of users in the routing life. Since MANET 
existence basically provides simple communication means, so its interesting to notice 
that users needs to utilize HTTP and FTP application as compared to other 
application. 
 

6.4 Simulation goals 
 

Design and develop simulation model for MANET according to the table 6.1. 
 Name, repeat and record the simulation results in a readable format and design for 
analysis. Run and display simulation results for both application scenarios i.e. HTTP 
and FTP. 
 

6.5 Simulation tool 
 
OPNET Modeler 14.5 [21] is used as a simulation tool to develop, design, and extract 
results. OPNET offers multiple features e.g. project editor for creating network model 
including nodes and processes etc, node editor for defining node behaviour, 
properties and are connected wire links, probe editor for choosing the statistical 
values i.e. global, link, node a, attributes and animations, simulation sequence editor 
helps to select multiple simulation runs and offer some attributes fort controlling 
characteristics during run. Following are the four important steps undertaken to 
conduct the simulation experiment. 
  

1. Develop Network model 
2. Select statistics 
3. Perform and run the simulation 
4. Extract the results for analysis 

 
OPNET provides features for duplicate scenario, implementing rapid topology 
configurations, collecting desired statistics i.e. comparing different simulation results 
in terms of average or bits/sec or bytes/sec etc, flexibility in simulation time run 
selection, easy configuration of application and profile definitions. 
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6.6 Simulation limitations 
 
Since the systems use for the simulations are ordinary systems for the daily use but 
they are up to university standards and quality of the operating system and software is 
maintained by the IT department. There are also many software’s installed for daily 
routine tasks, specialized programming tools and internet connectivity. Existence of 
the software’s, browsers and backhand network programming may cause more delay 
in performing the simulation but we expect the results as accurate. Also the number 
of nodes in the network varied between 10 to 50 and not exceeding 50 because 
normally these numbers of nodes are enough to form a MANET. 
 

6.7 Simulation plots 
 
In each of the scenario, we obtain intermediate simulation plots with respect to 
application (HTTP, FTP) in terms of different number of nodes and routing protocols 
provided in Appendix A. Our key observational results are for the selection of 
performance parameters. 
 

6.7.1 Packet delivery fraction 
 

It is define as a number of data packets delivered to the one generated by the sources. 
 

PDF = Data packet delivered to all sources / Data packet send by all sources  
 

6.7.2 Normalized routing load 
 

It is define as a number of routing packets transmitted per data packet delivered to the 
destinations. 
 
NRL = No. of routing packets sent / No. of data packets delivered  
 

6.7.3 Delay 
 

It is defined as an end to end delay experienced at each hop of the network including 
the delay for packets received at the higher layer. 

 
6.7.4 Throughput 
 

It is define as an average number of bits successfully received by the receiver in 
bits/sec. 
 
Throughput = number of bits contained in accepted packet / simulation time 
 

68 
 



6.8 Application Types 
 

In this section we will elaborated a key entity our simulation study. In the simulation 
scenarios we have only listed the application types for different scenarios but now we 
will explain them to make the reader understand more about their working and its 
impact on our simulation results. 
 

6.8.1 File Transfer Protocol FTP 
 
FTP is a file transfer protocol used by FTP applications to perform huge data transfer 
from server to user agents. Main objects of FTP include [21] file sharing promotion 
between computers, usage of remote systems through some applications; efficiently 
and reliably data transfers; they are designed specifically for application programs for 
utilization. To understand the FTP service function FTP model is described in figure 
6.4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.4: FTP Model [21] 
 
There are several modules in this figure which participate in the execution of FTP 
service by the application programs.  In general FTP connection setup, a control 
connection is initiated by User protocol interpreter (PI) to utilize User-PI for 
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generating FTP command towards server-PI when user wants to initiates the 
connection. Similarly FTP reply is obtained from server-PI to user-PI. This whole 
process is performed through control connection. FTP command contains parameters 
for data connection such as:  

• data port 
• transfer mode 
• data representation type 
• structure   

 
Beside these parameters, FTP command also hold the information about operation on 
the file by the operating system i.e. store, append, delete, retrieve. User data transfer 
process (DTP) requires to listen to the server initiated data connection in defined data 
port to establish and transfer data according to defined parameters. 
 
 

6.8.2 Hyper Text Transfer Protocol HTTP 
 
HTTP is also a protocol which works on application level to facilitate hypermedia, 
collaborative, distributed information systems. HTTP works on World Wide Web 
information initiative. [22] 
 
With and advancements in the technology, most of the information systems require 
enhance functionality which are offered by new version of HTTP protocol. HTTP 
contains set of open ended methods to fulfill the request. These set of methods are 
chosen based on the URI or URL reference request. HTTP in terms of hypermedia 
applications acts as a generic protocol in establishing and maintaining communication 
UA to servers and many internet systems. 
 
HTTP connection is based on request/response methods. Clients request the server for 
information through request method containing all the necessary information about 
URL and protocol version along with request method parameters (modifiers, body 
content, client information, etc). The server then response to the request with status 
line, protocol version, success and error code along with other parameters containing 
server information. 
 
In general HTTP communication, UA initiate the request entitled to resource at some 
server. Figure 6.5 shows a simplest connection (V) between user agent (UA) and 
server (S). We have not considered a complex situation of HTTP connection which 
might include proxy servers, gateways or tunneling procedures. 
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Request chain ---------------------------------------------------------------------- 
UA---------------------------------------V--------------------------------------------S      
---------------------------------------------------------------------Response chain 
  

Figure 6.5 HTTP request/ response connection [22] 
 
Since there is difference between the data connection establishment and transfer 
between FTP and HTTP protocols we have selected the data packets of FTP 
application during our simulation. 
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CHAPTER 7        Simulation Results and Analysis 
 

 
This chapter describes the simulation results obtained for packet delivery fraction, 
normalized routing load, delay and throughput. PDF and NRL are deduce through 
scalar values obtained in each application scenario simulation results and then we 
have use Microsoft excel to plot the graph for all the selected MANET routing 
protocols and to analyze the performance parameters that are not directly available 
through OPNET global statistics features [23].  

 
According to table 6.1, we have performed defined set of simulations and carried 
sequence of manipulations. For each protocol and in each single scenario of table 6.1, 
we have collected (routing information sent, data traffic received, data traffic sent, 
delay and throughput values) in order to calculate PDF and NRL.  
 

7.1 PDF and NRL for FTP Application: 
In this section we have selected FTP application to start with our simulation results. 
We have demonstrated the results and investigation of each routing protocol and 
compare FTP and HTTP application results in section 7.3 for PDF and NRL 
respectively. Simulation results of AODV protocol for 10, 20, 30, 40 and 50 nodes is 
shown in figure 7.1. 
  

 
 

Fig. 7.1 routing traffic sent (packets/sec) 
 
 
Fig 7.1 depicts the routing traffic sent in terms of FTP_AODV protocol, where FTP is 
the application type and AODV is the protocol used during the simulation. The 

72 
 



routing traffic sent for 10 nodes is least as compared to increasing nodes. The blue 
line in graph show the behavior of the routing traffic sent for 10 nodes. We can see 
that in the start of the simulation run, more routing traffic is sent across the network 
and as the routing tables are updated with the information, decrease in the number of 
routing traffic is observed.  Same behavior of all routing traffic sent for 20, 30, 40 and 
50 is observed. In start of simulation i.e. 30 seconds, routing traffic is higher and then 
slowly decreases until the end of the simulation run. It’s because AODV protocol 
described in section 4.5.2 doesn’t offer periodic routing table updates until required 
and initiated by the two intended nodes for communication. An average scalar value 
depicted in table 7.1 for each number of nodes is obtained through the graph in 7.1. 
  

Nodes Routing Traffic Sent 
10 2.76 
20 9.546666667 
30 13.67333333 
40 15.12 
50 50.38666667 

 
 

Table 7.1 Routing Traffic sent scalar values 
 
 
In the same simulation run, we have also collected data for data traffic sent shown in figure 
7.2. 
 

 
 

Figure 7.2 Data traffic sent (packets/sec) 
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Distinct color lines represent different number of nodes graph lines. An exponential increase 
is seen in the first 30 seconds period, followed by steep decrease as the simulation time 
increases which means that FTP traffic is sent rapidly but due to higher data traffic in the 
network, the protocol lower the number of packet to avoid congestion in the network. By 
viewing the end points of simulation lines for each number of nodes, it is observed that as the 
time increase after approximately 20 seconds, continuous decrease in the data traffic is 
obtained. All the five lines have same pattern/behavior of plot while the data traffic sent for 
10 is lower than 20 nodes and so on, since more number of nodes in the network will have 
more data traffic flow in the network as compared to less number of nodes. Table 7.2 shows 
the average scalar values of figure 7.2. 
 
 

Nodes Data Traffic Sent 
10 0.466666667 
20 0.906666667 
30 1.413333333 
40 1.733333333 
50 2.76 

 
 

Table 7.2 Data Traffic sent scalar values 
 
We have also collected the data traffic received through the same simulation run and the 
graph is presented in figure 7.3. 
 

 
 

Figure 7.3 Data traffic received (packets/sec) 
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In this graph, we can see that the data is received at the beginning of the simulation, the way 
it had been sent in figure 7.2 but actually it is not the true case, as the received data is very 
less as compared to the data sent in packets/second. So most of the data had been lost, or 
either re-transmitted due to network problem. In both cases, delay seems to occur during the 
data transmission. Table 7.3 depicts the average scalar values of data traffic received during 
the simulation. 
 

Nodes Traffic received  
10 0.186666667 
20 0.386666667 
30 0.573333333 
40 0.693333333 
50 1.04 

 
 

Table 7.3 data traffic received scalar values 
 
The scalar values in table 7.2 and table 7.3 have interesting effects as the values of data 
traffic received are less than half of the data packets sent. Now we will combine above 
table’s values to obtain number of packets for all the three graphs i.e. 7.1, 7.2 and 7.3 by 
multiplying each data cell with the time of the simulation run e.g. 
 
X (Total number of packet) = Data packet received/sec*150 
Y= Data traffic sent/sec *150 
Z= Routing traffic sent/sec *150 
 
Where X, Y and Z columns value for each number of nodes in packets/sec while 150 is the 
simulation time. 
 
  

 
 

Nodes X ( packets/sec) Y ( packets/sec) Z ( packets/sec) 
10 28 70 414 
20 58 136 1432 
30 86 212 2051 
40 104 260 2268 
50 156 414 7558 

Table 7.4 values in packets/sec 
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These are the preliminary values of AODV protocol in table 7.4 for finding PDF and NRL. In 
order to calculate PDF and NRL we use the formulas define in section 6.7.1 and 6.7.2. 
 

PDF = Data packet delivered to all sources / Data packet send by all sources  
 

NRL = No. of routing packets sent / No. of data packets delivered  
 

Nodes AODV_PDF AODV_NRL 
10 0.4 14.785714 
20 0.426470588 24.689655 
30 0.405660377 23.848837 
40 0.4 21.807692 
50 0.376811594 48.448718 

 
 

Table 7.5 PDF and NRL of AODV 
 
 

Table 7.5 shows only the values of AODV protocol for PDF and NRL. These values will be 
further required in the latter sections to plot the complete graph of PDF and NRL for all 
protocols including i.e. DSR, OLSR, and GRP. 
 
Section 7.1 describes complete procedure of the obtained values for PDF and NRL only for 
AODV protocol. Since similar procedure is applied for the remaining protocols for FTP and 
HTTP applications and repeating them will increase text which can irritate the reader. So we 
will produce the complete table of received results along with manipulation in the following 
sections. PDF and NRL values for DSR, GRP and OLSR routing protocols are depicted in 
table 7.6.  
 

Nodes DSR_PDF DSR_NRL GRP_PDF GRP_NRL OLSR_PDF OLSR_NRL 
10 0.419354839 2.2307692 0.555555556 14.833333 0.416666667 27.8 
20 0.45 2.962963 0.416666667 17.9 0.36 29.574074 
30 0.420454545 4.1081081 0.418367347 22.792683 0.369747899 26.681818 
40 0.413043478 3.3596491 0.328947368 28.43 0.418604651 28.731481 
50 0.46 4.4710145 0.380434783 29.978571 0.440677966 24.788462 

 
 

Table 7.5 PDF and NRL of DSR, GRP and OLSR 
 
When combining all the values of table 7.4 and 7.5, we plot two graphs i.e. one for PDF and 
other for NRL with respect to all the four routing protocols. 
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Fig 7.4: PDF for FTP application 
 

Analyzing the figure 7.4 graph, we see that for FTP traffic, GRP protocol have 
highest PDF which means that 55% of the packets have successfully delivered to the 
end nodes when the number of nodes in MANET are 10 but as the number of nodes 
are increased GRP protocol PDF gradually decreases which means that GRP protocol 
performs better with less number of nodes as compared to other routing protocols in 
terms of PDF. DSR protocol offers increasing/decreasing fluctuation in the PDF 
performance depending on the number of nodes but in overall protocols it has best 
results according to the current scenario. OLSR also have the same behavior like DSR 
and small increase and decrease is observed. AODV protocol has constant behavior 
up to certain number of nodes and decrease quickly at 50 nodes. DSR protocol 
describes in section 4.5.1 shows that nodes handle route discovery and maintenance 
procedure upon request of source and doesn’t require any period updates like link 
state routing. Each node in the network performs route discovery and maintenance 
procedure and offer unidirectional transmission link for data transmission which 
increases overall network performance as well. 
 

 

10 20 30 40 50
AODV 0,4 0,426 0,405 0,4 0,376
DSR 0,419 0,45 0,42 0,413 0,46
GRP 0,55 0,416 0,418 0,328 0,38
OLSR 0,416 0,36 0,369 0,418 0,44
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Fig 7.4: NRL for FTP application 
 
In figure 7.4 we see NRL for MANET routing protocols with great variations in 
comparisons. DSR has a least value for NRL as compared to other protocols. By increasing 
number of nodes, DSR keeps the similar NRL result which means DSR is best for higher 
number of nodes in mobility. In case of lower number of nodes for AODV and GRP 
protocols graph lines have similar NRL but with an increase in the number of nodes, AODV 
protocol starts outperforming while GRP remains a gradual increase in the NRL with higher 
number of nodes. OLSR produces worst results in terms of NRL but the line shows some 
fluctuations of minor increase and decrease from lower to higher number of nodes. This 
means that OLSR has similar NRL irrespective of number of nodes; still its performance is 
insufficient as compared to other protocols in this scenario.  Maybe if the simulation scenario 
have three or four time higher number of nodes i.e. 200 plus, OLSR might have better NRL 
as compared to other protocols but at present it’s outside the scope of our research. The 
reasons for DSR best performance is that DSR have fewer route requests than AODV, GRP 
and OLSR described in section 4.5.1. 
 
        
7.2 PDF and NRL for HTTP Application 
In section 7.1, a detail description of AODV protocol simulation results along with 
manipulation and finalizing table 7.4 & table 7.5 is defined. Similar steps are performed to 
obtained table 7.6 and the graph is presented in figure 7.5 and figure 7.6 respectively. 
 
 

10 20 30 40 50
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Nodes AODV_PDF AODV_NRL DSR_PDF DSR_NRL GRP_PDF GRP_NRL OLSR_PDF OLSR_NRL 

10 1 4.1197918 1 0.3333332 1 1.0547618 1 2.4732143 
20 0.996987801 4.9924474 1 0.3807472 1 1.3981482 1 1.9033817 
30 0.997326203 5.6291331 1 0.3496884 1 1.7237827 1 2.0394737 
40 0.997370118 5.9861571 1 0.3849503 1 1.8366142 1 2.1127049 
50 0.994350254 5.7301138 1 0.4003724 1 2.1171717 1 2.1056645 

 
 

Table 7.5 PDF and NRL of DSR, GRP and OLSR 

 
In the following table, each protocol has two columns i.e. one for PDF values and other for 
NRL values.  We have selected PDF values of Table 7.5 to plot figure 7.5 and NRL values to 
plot figure 7.6. 
 

 
 

Figure 7.5: PDF of AODV, DSR, GRP and OLSR 
 
By analyzing the figure 7.5, we observe that all the protocols have same behavior even with 
the increasing number of nodes which implies that any protocol can be chooses for this 
special scenario. However, the final decision about the protocol selection based on the 
performance parameter will have different results, as not all the protocols have same 
behavior always. The reason behind these similar plots is that the HHTP application is light. 
Described earlier in HTTP protocol those implicit procedures for application adhere. Request 
initiated by the client and served by the server as a direct method. The HTTP application use 
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to perform presentation of text and related data which is highly effective due to fewer 
recourses requirements by the application and network. 
 
 

 
 

Figure 7.6: NRL of AODV, DSR, GRP and OLSR 
 
Figure 7.6 represent NRL for AODV, DSR, GRP and OLSR protocols in terms of HTTP 
application type. AODV protocol has higher graph values in the plot with increasing number 
of nodes which implies that an AODV protocol performs worst in terms of NRL because 
AODV protocol utilizes similar procedure for routing discover like DSR algorithm but with 
some changes to handle dynamic routing tables entry in the intermediate nodes and on 
demand or periodic HELLO message advertisements in the network. OLSR protocol also has 
higher graph value and decreases as the number of nodes increase because regular topology 
drive exchange information is carried out accordingly. Besides these, nodes in MPR 
announce periodic link state information to identify shortest path between source and 
destinations. An important noticeable point the OLSR is that NRL decrease as the number of 
nodes in the network increases which is true as OLSR performs well in large and dense 
networks due to MPR implementation. Conversely GRP protocol graph values increase with 
an increase in the number of nodes because it broadcast periodic HELLO message, flooding, 
and backtracking. Despite if fuzzy criteria implementation in the protocol the NRL for GRP 
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is higher than other protocols in this scenario. DSR has least NRL in the graph and is best 
protocol in terms of NRL because of less routing request as compared to other protocols.   
 
 
7.3 PDF Comparison of FTP and HTTP Applications: 
 
In figure 7.7 a) and 7.7 b) PDF graphs for FTP and HTTP applications are shown as 
described in previous sections. 
 
 
 

 

 

 

 
Figure 7.7 a) PDF graphs for FTP application b) PDF graphs for HTTP application 

 
 
Since the transmission mechanism of FTP and HTTP applications are different, as FTP 
protocol uses different port for control packets and for data connection, FTP applications are 
apparent for higher data traffic. Unlike FTP, HTTP applications are light, simple and HTTP 
protocol utilizes only request/response mechanism between User Agent and Server causing 
less traffic on the network. 
 
Analyzing the figure 7.7 b) we see that for HTTP traffic, the behavior of the MANET routing 
protocols DSR, GRP and OLSR remain the same by obtain value equal to 1 which mean that 
packet loss with even increasing number of nodes during the transmission is negligible. 
Instead we see decreasing behavior of AODV protocol when the numbers of nodes are 
increasing, so for AODV numbers of nodes are directly proportional to PDF. For maximum 
of 50 nodes the PDF value for decreases form 1 to 0.9943, so in reality this amount of packet 
loss is acceptable for the protocol selection.  
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By analyzing the figure 7.7 c) graph, we see that for FTP traffic, each MANET routing 
protocol has similar results. AODV, DSR and OLSR have the same staring point, AODV 
have minimal decreasing effect, DSR almost maintain the graph between 0.4 and 0.5, OLSR 
have decreasing to increasing effect, while GRP shows constant decreasing behavior with the 
increase in the number of nodes. 
 
By comparison of the graph results for HTTP and FTP application traffic in both cases and 
for all protocols we analyze that’s PDF have higher values for HTTP application traffic 
instead of FTP application traffic which means that these protocols when implementing for 
the HTTP traffic will produce better results in terms of packet delivery fraction. AODV for 
HTTP attains minimum value of 0.994 when the numbers of nodes are 50, while AODV in 
FTP application attains the value equal to 0.3768 with the difference of 0.617 which is quite 
higher and it means that the data packet loss is increased intensively. GRP, DSR and OLSR 
in HTTP application have PDF equal to 1 i.e. almost no packet loss in this case while for FTP 
application the PDF value of DSR and OLSR are identical to AODV and this is great 
increase in the packet loss. GRP protocol in FTP application shows direct decreasing effect 
and retains the similar PDF value as other routing protocols i.e. 0.44. 
 
The above two graphs have distinct values in terms of similar MANET routing protocol i.e. 
AODV protocol offer 0.4 PDF value in FTP application type as compared to 1 PDF value in 
HTTP application type which means 0.6 PDF values data packet loss are occurred.  So 60 % 
of the PDF difference for all increasing number of nodes is obtained. Similarly for other 
MANET routing protocols, DSR, GRP and OLSR approximately more or less 40% - 60% of 
PDF values difference is observed. Our analysis illustrate that in FTP applications more data 
packets are lost  because control messages tries to become certain to maintain data 
connections and higher data traffic in the network causes higher data packet losses. In fact 
nodes mobility causes the MANET protocols to perform re-routing and maintenance of 
broken paths to establish data connections. Beside nodes mobility, higher data traffic in the 
network causes congestion and TCP protocol explicitly implement windowing mechanisms 
to overcome the network congestion. This cause delay or lost in data packets and links 
failures, ultimately repeating the whole communication steps by the protocols to establish 
links for successful data delivery.  
 
It is still unsure if DSR will be the best MANET routing protocol in terms of PDF because 
HTTP graph results doesn’t provide enough information, however other VOIP and Video 
applications can be testified for DSR protocol by creating similar scenarios. Selecting 
MANET routing protocols for designing MANET network depends on the application types 
required in that MANET, then the design of MANET can limit the number of applications 
used by the nodes. 
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7.4 NRL Comparison of FTP and HTTP Applications: 
 
In figure 7.8 a) and 7.8 b) NRL graphs for FTP and HTTP applications are shown as 
described in previous sections. 
 

 

 
 

 

 

Figure 7.8 a) PDF graphs for FTP application b) PDF graphs for HTTP application 
 
 
According to the definition of NRL it is evident that when NRL is least MANET routing 
protocol have better performance. Viewing the above phenomena, DSR seems better in terms 
of NRL. Analyzing the figure 7.8 b) we see that for HTTP traffic, the behavior of the 
MANET routing protocols AODV increases NRL with the increase in the number of nodes. 
Similar behavior is seen for the GRP routing protocol.DSR remain constant NRL value even 
for the increasing number of nodes while OLSR decrease the NRL and maintain it to certain 
level for the maximum  number of nodes in the scenario. So for HTTP application DSR acts 
better in NRL. Since it offers less value for any number of nodes i.e. 10-50 and in fact 
provides the evidence that the number of routing packets send are very less as compared to 
the data packets, which is very good. 

 
Analyzing the figure 7.8 a) we see that for FTP traffic, NRL values for AODV protocol is 
increase in with increasing the number of MANET nodes, similarly GRP routing protocol 
have the same effect like AODV but has less NRL value than AODV. OLSR is fluctuating 
between positive and negative values and leads to the decrease NRL values for the maximum 
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number of MANET nodes (50). DSR depicts better results as compared to all the other three 
routing protocols but still a minor increase is observe with the increase in t he number of 
nodes. 

 
When comparison the graph results for HTTP and FTP application traffic in both cases and 
for all protocols we analyze that’s NRL values for FTP application traffic are higher instead 
of HTTP application traffic which means that routing traffic for FTP application is more due 
to the intensive FTP traffic transmission. Earlier discussed that re-routing and connection 
establishment is required due to network congestion due to higher data traffic and then TCP 
starts implementing the windowing mechanism. This means that MANET protocols running 
FTP applications require more routing messages for route discovery than for HTTP 
applications. AODV takes up the NRL value to 5.7 for HTTP application while it reaches to 
48.4 for 50 MANET nodes which is quite higher and worst performance. DSR value changes 
from 0.4 to 4.7 according to HTTP and FTP application at maximum which is also a big 
difference. OLSR and GRP have also similar increase according to the application change. 
Looking at similar routing protocols for both applications we see that DSR perform well in 
both scenarios as it send less routing messages for route discovery. 
 
7.5 End to End Delay of FTP Application 
 
In this section we have shown the simulation results of end to end delay for FTP application 
directly obtained through the OPNET modeler. End to end delay is collected as an average 
producing single scalar value for each protocol depicted as a single line in the graphs. We 
shall have a brief description about the graphs shows in figure 7.9. 
 
By viewing a) we conclude that for increasing number of nodes, an average end to end delay 
had higher value in the first 30 sec simulation period and as the simulation continues, 
irrespective of number of nodes the slight decrease in observed. Average end to end delay for 
10 nodes is higher than 20, 30 and 40 nodes which is an unexpected behavior of the protocol. 
One reason for such out could be that during the simulation initialization and initial delay had 
been more and had higher results for 10 nodes. There are fewer differences between the delay 
values for 10, 20, 30 and 40 nodes except for 50 nodes which mean that AODV protocol 
doesn’t perform well with increasing number of nodes. 
 
Through analyzing b) DSR protocol have fluctuating positive and negative behavior in an 
end to end delay, except for 30 nodes value where we perceive an abrupt inclination of delay 
which might occur due to network or application delay. However, after certain increase in the 
start of the simulation a continuous decrease in delay or constant delay is observed. 
 
GRP protocol graph shown in c) reveals similar behavior of all the lines representing varying 
number of nodes. End to End delay starts dropping at certain level and shows small increase 
before continuous decrease until the end of simulation. The small increase could be occurred 
due to flooding mechanism use for bootstrapping. As the simulation time increases the delay 
decreases for all number of nodes and at the end of simulation, the lines become so closer 
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that it seems no difference in end to end delay between varying number of nodes (10, 20, 30, 
40 and 50). It means that GRP protocol is better in terms of higher number of nodes for end 
to end delay on a long simulation run and also for the scalability of the network, 
implementing GRP protocol can overcome end to end delay problem. Fuzzy criteria for 
routing is the reason for reducing end to end delay by GRP protocol even for higher number 
of nodes. 
 
OLSR protocols depicted in d) shows an abrupt increase up to certain level followed by a 
continuous decrease by varying number of nodes until the end of simulation. Since topology 
exchange information is regularly carried out and most of the routes are established all the 
time with non destination before causing an abrupt increase in an end to end delay. Though 
MPRs implementations controls flooding and earlier establish routes to non destinations 
serve effectively in reducing delays.    
 
 
 

 

 

 
a) AODV b) DSR 
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c) GRP d) OLSR 

 
Figure 7.9 a) End to End delay of AODV, DSR, GRP and OLSR for FTP application 

 
7.6 End to End Delay of HTTP Application 
 
Through analyzing figure 7.10 for AODV, DSR, GRP and OLSR graphs our above 
description and reasons are also justified because the numbers of varying nodes and protocols 
have same patterns except for minor variations. The main difference lies at the values of Y- 
axis between FTP and HTTP applications. 
 

  
a) AODV b) DSR 
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c) GRP d) OLSR 

 
Figure 7.9 b) End to End delay of AODV, DSR, GRP and OLSR for HTTP application 

 
 
Table 7.6 and table 7.7 produces scalar values obtained through OPNET modeler from 
graphs in figure 7.9 and 7.10 accordingly.    
 
 

Nodes AODV DSR GRP OLSR 
10 0.000780745 0.003403357 0.000715223 0.000425538 
20 0.000547459 0.003663269 0.00083621 0.00041993 
30 0.000758693 0.006676278 0.000784186 0.000485153 
40 0.000737571 0.003859861 0.000740917 0.000491336 
50 0.001745348 0.00440027 0.00089325 0.000548522 

 
 

Table 7.6 End to End Delay of FTP Application 
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Nodes AODV DSR GRP OLSR 

10 0.0005060 0.00177 0.000718 0.000425 
20 0.0007530 0.00223 0.000623 0.000431 
30 0.0013510 0.00242 0.000620 0.000432 
40 0.0017920 0.00276 0.000627 0.000464 
50 0.0018710 0.00300 0.000738 0.000477 

 
 

Table 7.7 End to End Delay of HTTP Application 
 
Table 7.6 and 7.7 values are utilized to plot results for end to end delay in figure 7.10 
collectively in terms of varying number of nodes and MANET routing protocols but for 
different application types i.e. FTP and HTTP. 
 

 

 
 

 

 

Figure 7.10 End to End delay for FTP End to End delay for HTTP 
 
 
The graph result for end to end delay of ftp traffic depicts that DSR outperforms form the 
beginning of the simulation as compared to other MANET routing protocols. It is also clear 
that the delay values for DSR protocols have higher fluctuations in terms of varying number 
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of nodes. Comparing DSR protocol in both application types produces different results 
because DSR delay value for FTP application in 10 nodes is double than HTTP application 
for 10 nodes and so on. Beside this, delay value of DSR protocol is highest than all the other 
routing protocols in both application types which means that DSR protocol is severely 
effected in terms of end to end delay. Here AODV, GRP and OLSR protocols have same 
results in both application types with negligible differences which address us that irrespective 
of the application type for FTP and HTTP applications, these three protocols will have 
similar end to end delay values.  
 
7.7 Throughput of FTP Application 
 
This section will describe the throughput values obtained through simulation results shown in 
figure 7.10. In a) we see that AODV protocol have higher throughput for initial 20 seconds 
but steadily decreases along the end of the simulation run. Same pattern for varying number 
of nodes is observed for AODV protocol but obviously higher the number of nodes, higher is 
the value in graph. In b) we also see that for DSR protocol throughput have similar patterns 
for the varying number of nodes but different values for lower and higher number of nodes. 
In c) an d) as well, the protocols throughput have similar patterns for the varying number of 
nodes but different values for lower and higher number of nodes. An important factor in all 
graphs is on the y-axis, which represent the average throughput in packets/second.  Since the 
values in the graphs are very close so we have combine all the values to plot in a single graph 
in figure 7.11.  
 
  

  
a) AODV b) DSR 

  

89 
 



  
c) GRP d) OLSR 

Figure 7.10 Throughput of AODV, DSR, GRP and OLSR for FTP application 
 
 
Viewing the number of bits/sec for all the protocols, we conclude that OLSR has best 
performance in terms of throughput according to our scenario. There is approximately double 
the difference of OLSR as compared to other protocols. All MANET protocols show steady 
increase in the packets/sec as the nodes increases. AODV and GRP have similar throughput 
behavior while DSR shows least throughput values in the graph. The reason of OLSR 
increase throughput is because of MRP implementations which increases efficiency and 
reduces the transmission by controlling flooding. Since describe in chapter 4 that OLSR is 
better for dense and complex networks, which is evident from the figure 7.11 that OLSR has 
better throughput results for increasing number of nodes. So OLSR protocol also stands firm 
for network scalability. 
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Figure 7.11 Throughput of AODV, DSR, GRP and OLSR for FTP application 

 
 
7.8 Throughput of HTTP Application 
 
In figure 7.12 we have shown the results of AODV, DSR, GRP and OLSR protocols for 
HTTP application. In a) AODV protocol results show that for greater number of nodes, more 
throughput values are obtained, while for smaller number of nodes smaller throughput values 
are achieved. A direct increase in the beginning of the simulation is achieved which is 
followed along till the end of the simulation. Similar behavior is observed for all varying 
number of nodes for AODV. In b) DSR we observe a direct increase follow by a linear 
decrease as the simulation run reaches till end. Also similar pattern is seen for varying 
number of nodes.  In d) for GRP protocol, a steep decrease in the graph is obtained which 
means that throughput of GRP protocol decreases along the simulation run, also varying 
number of nodes have least effect on the throughput which is not good. Since there is very 
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less difference between the lines in the graphs and at the end of the simulation run, all the 
lines become closer to each other which mean that throughput for 10 nodes and 50 nodes will 
approximately equal. In d) for OLSR, we see a linear increase followed by the constant line 
along the simulation run. There is adequate difference in the lines for varying number of 
nodes which means that throughput is lower for less and higher for more number of nodes.    
 
 

  
a) AODV b) DSR 

 

 

 

 
c) GRP d)  OLSR 

 
Figure 7.12 Throughput of AODV, DSR, GRP and OLSR for FTP application 
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In figure 7.13 we have combines the MANET protocol results of figure 7.12 to compare 
them with each other. All the MANET protocols have increasing behavior in terms of 
varying increasing number of nodes but the values are distinct from each other at certain 
point of nodes i.e. 10, 20, 30, 40 or 50. DSR has the least throughput as compared to other 
MANET routing protocols while OLSR has highest throughput as compared to other 
MANET routing protocols.   
 
 

 
 

Figure 7.13 Throughput of AODV, DSR, GRP and OLSR for HTTP application 
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By comparing figure 7.11 and 7.13 for FTP and HTTP applications in terms of throughput 
we analyze that there is minor differences between the values obtained for each protocol 
behavior for FTP and HTTP application. This observation concludes that MANET protocols 
behavior in terms of throughput is not affected by the applications types. Beside this, OLSR 
protocol is efficient because of increase throughput even at higher number of nodes and great 
complexity of the network which had also been stated in theory before and has been justified 
through our results. 
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CHAPTER 8           Discussions 
 

This chapter explores previous relevant researches results so far and its brief 
comparison with our simulation results. During previous researches, the simulation 
tools, simulation environment and some parameters are different than those taken in 
our case. However we will explore other researches to have better understanding 
about the protocol behavior. The chapter will provide simulation graphs at different 
situation and try to compare that with our results. Finally we will conclude about our 
simulation results based on the relevant research comparison.     
 
In [24], a performance analysis of MANET routing protocols is investigates in case of 
self similar traffic. Since MANET nodes have considerable mobility and self similar 
data traffic have burst characteristic causing random increase or decrease.  The paper 
define stochastic process for traffic generation having mean value constant and 
variance is finite to obtain the wide sense stationary process. The value of H will be 
self similar in case of (0.5 < H < 1) where as multiplexing ON / OFF periods had 
provided self similar effect during simulation. AODV, DSR, and TORA protocols are 
selected and simulation is performed through NS-2 tool. The simulation environment 
parameters describe in the paper are distinct than those mentioned in chapter 6 and 
configure during each application and protocols.  
 
After several simulation runs, data packet delivery ratio, normalized protocol over 
head, throughput and average end to end delay are plotted to understand the behavior 
of AODV, DSR and OLRS protocols.  The plots are recorded on the basis of node 
speed (m/s) while ours plots are obtained in terms of time. Throughput and average 
end to end delay graphs are relevant while other graphs results are not relevant to our 
study. It’s hard to completely tally the results but the generalized view about the 
routing protocol behavior can be understood. We read that throughput is decreased in 
all the three protocols as the speed of the mobile node increases, while DSR offers 
better throughput as compared to AODV and OLSR.  Beside throughput, average end 
to end delay of DSR and OLSR is increases with an increase in speed while AODV 
have merely effect on the overall average delay and seems to be constant along 
simulation run. DSR have negative effect for throughput and average end to and delay 
even the throughput is more than the other two protocols but it decreases drastically 
to half at the 20 m/s speed, however AODV show decrease in throughput during 20 
m/s speed while offer phenomenal consistency of average end to end delay. OLSR 
provide worse results in both situation and couldn’t be suitable enough for higher 
speed mobility.    
 
Although application traffic is the main characteristic in our research study but 
unfortunately, it had not been address in this research study and the traffic burst might 
consists of mixture, of text, voice and video data. Since our analysis show that DSR 
has lower throughput than other MANET routing protocols while OLSR has best 
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results among other MANET routing protocols. The above research results contradict 
with our results and observation and the reasons could be justifiable due to the high 
speed nodes mobility.       
 
In [25], AODV protocol is investigated based on different mobility models. Random 
waypoint, reference point group mobility, gauss markov and manhattan mobility 
models are applied on AODV to observe protocol in terms of network load, packet 
delivery ratio and average end to end delay. Each simulation run collects results for 
varying mobility model, thus for each model network load, packet delivery ratio and 
average end to end delay is obtained. NS-2 is used to perform the simulation having 
randomly spread pair of source and destination and continuous bit rate traffic. Since 
we have performed our simulation for normalized routing load and the current study 
lacks this information so we will only consider packet data fraction and average end 
to end delay in this situation. 
 
In our research study we have selected random waypoint mobility model so we will 
concentrate towards RWP in each case. As the number of packets increase, end to end 
delay and PDF in RWP for AODV also increases. Beside this RWP have better 
results in average end to end delay as compared to other mobility models despite of 
number of packets. Similarly, RPGM mobility model have better performance in PDF 
and end to end delay which suggests this mobility model is more likely to have 
expected results when considering other scenario constant.  
 
In another research, evaluation of MANET routing protocols performance [26] which 
suggest that MDVZRP offer better performance than DSDV and AODV for constant 
bit rate traffic during low mobility. NS-2 simulation tool which has default radio 
propagation model is used along with random way point for nodes mobility 
implementation.  
 
There are many parameter variations as the number of nodes and source change in the 
study but we select the first results obtained during the study which is the total of 20 
nodes and 10 numbers of sources. This is however not significant to our simulation 
but these results will give an idea about AODV protocol behavior. The paper 
represents PDF for three protocols i.e. DSDV, AODV and MDVZRP. AODV and 
MDVZRP have similar value of PDF in this graph but DSDV has a less value that 
states AODV and MDVZRP have better performance over DSDV. By viewing other 
PDF graph values for the same protocols over 20 nodes and different number of 
sources we conclude that the AODV and MDVZRP have similar results. Another 
figure in the simulation results [26] depicts NRL results for three protocols defines 
AODV have higher value for zero pause time and decreases as the pause time 
increases as compared to DSDV and MDVZRP. For each set of 20 nodes, varying 
number of sources and pause time (higher mobility) MDVZRP has least NRL as 
compared to other two protocols but AODV have higher value in the start but 
decreases as the pause time increases. 
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MDVZRP have a peak limit of average end to end delay as compared to other two 
protocols until the pause time reaches 20 sec, but as the pause time increase i.e. 
mobility decreases MDVZRP shows steep downward flow value becomes similar to 
the other two protocols at pause time 60 sec. For 20 nodes and varying number of 
sources, MDVZRP have similar behavior which reflects that as the mobility decreases 
or pause time increases an average end to end delay for entire three mentioned 
protocols have less difference. Thus average end to end delay is inversely 
proportional to pause time in this case. Since in our simulation the pause time was 
constant so it’s hard to determine the protocols behavior and compare it with [24].  
 
In [27], performance evaluation of three MANET routing protocol are investigated 
through qualnet simulator to know which protocol offer best results in different 
circumstances through average end to end delay, packet delivery ratio, and hop count 
based on TTL.   
 
This research also represents pause time as a function of varying values to obtain 
graph values at certain pause time as some previous researches. We will only consider 
two performance parameters i.e. average end to end delay and packet distribution 
ratio because these parameters are also considered in our study. 
 
According to simulation results in [27], ZRP has least average end to end delay until 
pause time reaches to 120 and as it cross 120 pause time to 150 pause times, average 
end to end delay of ZRP exponentially increases leading to straight line approaching 
and crossing the maximum level of all the three protocols. DSR have highest average 
end to end delay as compared to the other two protocols. AODV protocol has closer 
average end to end delay with ZRP up to 120 pause time and remains its similar 
average value even approaching to 150 pause time which is the maximum pause time 
limit in this simulation.  
 
In [26] AODV offers best performance over transmitting packets than other two 
protocols in the least pause time (higher mobility) but as the pause time increases, 
DSR approaches to the same level of packet transmission as of AODV which 
indicates AODV id decreasing with an increase in the pause time. It is clearly shown 
through AODV blue line which had been decreased little bit form approximately 90 
percent 85 percent.  DSR had contained its value at 150 pause time with few 
variations during the whole simulation. ZRP on the other hand provides half of 
AODV transmits, which means packet transmission is least.  
 
ZRP might be considered best is in case of average end to end delay but have worst 
results in terms of packet delivery ratio. DSR has is worst results in terms of  average 
end to end delay as compared to other two protocols while its packet delivery ratio  is 
similar to AODA protocol and is better than ZRP. So a trade off of performance 
parameters gives rise or fall to the other parameter in ZRP and DSR. ZRP is good in 
average end to end delay while DSR is good at packet delivery ratio. AODV 
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protocols lies in between the two protocols in each of average end to end delay and 
packet delivery fraction parameters. AODV average end to end delay lies in between 
0.02 to 0.025 during complete simulation run which is closer to ZRP i.e. better 
performance. Similarly AODV has more packet delivery ratio than DSR which is also 
better performance. Thus, AODV is suitable protocols in terms of both average end to 
end delay and packet delivery fraction.  
 
The performance parameters selected in our research i.e. PDF, NRL, end to end delay 
and throughput requires some tradeoff between different MANET routing protocols. 
A MANET protocol having better results in terms of one performance parameter 
might have worse results in other performance parameter. As AODV protocol in our 
research produces better results in terms of PDF, while in all other performance 
parameters it is substantial to other MANET protocols. DSR had least NRL and 
throughput but more end to end delay while PDF is acceptable which means DSR 
protocol would be selected only in case of NRL and PDF. GRP protocol has only 
better throughput values than DSR protocol but worst than AODV and OLSR 
protocols while in other performance parameters, GRP protocol values stands in 
between the lower and higher values of other protocols for PDF, NRL and end to end 
delay similar to throughput. OLSR has an average PDF and NRL as compared to 
other MANET routing protocols while it has least end to end delay and higher 
throughput values.        
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CHAPTER 9       Conclusion and future work 
 
 
9.1 Conclusions  
 

We have performed simulation experiment in the master thesis to determine and 
evaluate the performance parameters i.e. PDF, NRL, Delay and Throughput of 
MANET routing protocols described in chapter 4. OPNET vector and scalar values 
are obtained during the simulation results to plots the graphs against required 
performance parameters. Simulations are repeated according to the scenarios 
described in chapter 6.  According to our analysis we form the following conclusion 
based n our limited knowledge and extraction of the simulation results:    
 
Due to HTTP application PDF, NRL, delay and throughput in all scenarios was 
acceptable as compared to the FTP application, because HTTP application doesn’t 
require heavy data and routing packet transmission; also there is no higher delay 
impact while throughput is observed more as required. So protocol often acts 
according to the application chosen for the MANET.  

 
Targeting the single parameter for both applications, except for AODV all the three 
protocols works well for the defined number of MANET nodes for PDF. DSR offers 
a least NRL in both applications and serves best in this situation while OLSR 
provides least end to end delay in both application and an excellent throughput is 
measured.  

 
9.2 Future work 
 

Since MANET is dynamic topology network and its design, development and 
implementation is quite evident in reality for hundred of applications, so the selection 
of desired MANET protocol is a problem to use and to recognize it for the best 
solution is the demand at present. The thesis work will help the IT industry to 
understand the complexities in each of the application selection, protocol selection, 
and number of node selections to receive better results after implementation. 

 
The research study will also provide the students and other researcher to gain 
knowledge about the simulation features, scenario creations, and application 
selections along with the possibility to repeat the same simulation with increased 
number of nodes, using another simulation tool or developing similarly scenarios to 
evaluate the performance other present applications and parameters.  
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