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SYNOPSIS

World wide Interoperability for microwave access (WiMAX) is a technology that bridges the gap between fixed and mobile access and offer the same subscriber experience for fixed and mobile users. WiMAX refers to interoperable implementations of the IEEE 802.16 family of wireless-networks standards ratified by the WiMAX Forum. There are various challenges encountered by WiMAX networks. One of the requirements is routing. Routing protocol can be classified into three types. They are Reactive routing protocols, Proactive routing protocols, Hybrid routing protocols. Out of which Reactive routing protocols have been found to be user friendly and efficient when compared to other routing protocols. The main boon of Reactive routing protocols when compared to Proactive and Hybrid routing protocols is that reactive protocols hence relatively unconditional low storage requirements, higher mobility and the availability of routes when needed. There are a variety of reactive routing protocols available in the literature such as AODV, DSR, LAR1, LMR, ABR, SSI, TORA, RDMAR, MSR, AOMDV, MRAODV, and ARA. Here the performance of three Reactive Routing Protocols like Ad hoc On Demand Distance Vector Routing Protocol (AODV), Dynamic Source Routing Protocol (DSR), and Location Aided Routing Protocol (LAR1) is analyzed using QualNet Simulator to identify the protocol that is best suited for Constant Bit Rate (CBR) for WiMAX network.  The Quality of Service (QoS) parameters like Jitter, Average End to End Delay, Throughput, Data packet sent ratio and Data packet Received ratio are considered for performance evaluation. The result shows that the LAR1 gives lowest Jitter value, lowest Delay value and the packets are delivered successfully compared to the other two protocols. Hence from the experimentation results it can be declared that LAR1 is the best suited reactive routing protocols for WiMAX network.
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CHAPTER 1

INTRODUCTION

WiMAX, the Worldwide Interoperability for Microwave Access, is a telecommunications technology that provides wireless transmission of data using a variety of transmission modes, from point-to-multi point links to portable Internet access. This technology is based on IEEE 802.16 air-interface standards. Similarly, Wi-Fi refers to interoperable implementations of the IEEE 802.11 Wireless LAN standards certified by the Wi-Fi Alliance. WiMAX is sometimes referred to as "Wi-Fi on steroids" and can be used for a number of applications including broadband connections, cellular backhaul, hotspots, etc. It is similar to Wi-Fi but it can also permit usage at much greater distances.

Quality of Service (QoS) determines the successful delivery [14] [15]  of high value services such as voice and video.  The chief detractors from good QoS are latency, jitter and packet loss. It is also used for managing network traffic in a cost effective manner to enhance user experiences for home and enterprise environments. A QoS technology allows measuring bandwidth, detecting changing network conditions, and prioritizing or throttling traffic. For example, QoS technologies can be applied to prioritize traffic for latency-sensitive applications and to control the impact of latency-insensitive traffic.

QoS in WiMAX technology is measured by various performance parameters, such as,

· Bandwidth

· Latency 

· Jitter

· Reliability 

1.1 Problem Definition

The Purpose of the PERFORMANCE EVALUATION OF REACTIVE ROUTING PROTOCOLS FOR WIMAX NETWORKS is to identify the suitable reactive routing protocol for WiMAX network. The reactive protocols are evaluated using the performance metrics like Jitter, Average End-to-End Delay, Packet sent ratio, Packet Delivery Ratio and Throughput. The main objective of the project is to identify the suitable protocol that avoids Delay and Sends packets successfully to the Destination. 
1.2 Overview of the Project

WiMAX [1][2](Worldwide Interoperability for Microwave Access) is an emerging global broadband wireless system based on IEEE 802.16. It is a communication technology for wireless delivery using high-speed Internet service to large geographical areas. WiMAX is an IP based, wireless broadband access technology that provides performance similar to 802.11/Wi-Fi networks with the coverage and QoS (quality of service) of cellular networks. WiMAX is a second-generation protocol that allows higher data rates over longer distances, uses the bandwidth efficiently, and avoids interference. WiMAX can be termed partially a successor to the Wi-Fi protocol, which is measured in feet, and works, over shorter distances. It supports point to multipoint broadband wireless access.


In this project work different Reactive Routing protocols like AODV, DSR and LAR1 are analyzed for WiMAX network. The performance parameters like Jitter, Average End-To-End Delay, Throughput, Packets Sent Ratio and Packets Received Ratio are considered for identifying suitable protocol.

1.3 Significance of the project

WiMAX (World interoperability for Microwave Access) is a wireless technology mainly designed for bridging the last mile to the end user and provides a broadband connection. WiMAX can be used in different frequency bands in the range 2-66 GHz. It is claimed to be useful for urban, suburban and rural areas, sometimes with a non line of sight condition between base station antenna and subscriber station antenna. Hence identifying a suitable routing protocol has a major significance in terms of QoS.

1.4 Applications of WiMAX

The bandwidth and range of WiMAX make it suitable [3] for the following potential applications:

· Providing portable mobile broadband connectivity across cities and countries through a variety of devices.

· Providing a wireless alternative to cable and digital subscriber line (DSL) for "last mile" broadband access.

· Providing data, telecommunications (VoIP) and IPTV services (triple play).

· Providing a source of Internet connectivity as part of a business continuity plan.

· Smart grids and metering

· Most effective application by WiMAX is SMBs[4]  which mean the small to medium-sized businesses. Due to WiMAX technology the small or medium sized businesses progress day by day due to the connectivity which attracts clients and facilitate them with various types of services like hotspot etc.

· WiMAX can connect other WiMAX towers by means of a line-of-sight[4] also known as microwave link. The connectivity of one tower to another tower is referred to as a backhaul. A backhaul has the ability to cover up 3,000 miles because WiMAX network offers coverage to rural areas and remote areas.

1.5 Objectives
The main objective of this project is to analyze the effectiveness of different wireless QoS based reactive routing protocols like AODV, DSR and LAR1 on WiMAX networks in order to deliver the predictable results.

1.6 Organization of the Report

The first chapter discussed about the Introduction, Significance, Applications and objectives of the project. The second chapter explains the categories of routing protocols. The third chapter gives the brief description of reactive routing protocols applied in the project. The fourth chapter deals about simulation setup and the experiments conducted performance analysis of the reactive routing protocols on WiMAX considered in the project. 

Conclusion 

This section discussed about the problem definition, Significance of the project, Applications of the WiMAX network, Objectives with the organization of the report.  The next section discusses the state of the art techniques. 

CHAPTER 2

STATE OF THE ART


As Discussed in previous chapter, QoS based Routing protocols is one of the challenges in Wireless Broadband Network. This Section presents the Different Categories of Routing Protocols.

2.1 Existing Techniques

A number of wireless routing protocols are already designed to provide communication in wireless environment. Some significant protocols are AODV, OLSR, DSDV, ZRP, LAR, LANMAR, STAR and DYMO. Performance comparison among some set of routing protocols are already done by some of the researchers. A comparison has been made among PAODV, AODV, CBRP, DSR, and DSDV, among DSDV, DSR, AODV, and TORA, among SPF, EXBF, DSDV, TORA, DSR, and AODV, among DSR and AODV, among STAR, AODV and DSR, among AMRoute, ODMRP, AMRIS and CAMP, among DSR, CBT and AODV, among DSDV, OLSR and AODV and many more. These performance comparisons are carried out for ad-hoc networks but none for analyzing among the Reactive Routing Protocols for WiMAX. For this reason, evaluating the performance of wireless routing protocols in WiMAX environment is still an active research area and in this project an attempt has been made to compare the performance of AODV, DSR, LAR1  routing protocols.
2.2 Categories of Routing Protocols

In order to provide QoS for WiMAX network right protocol selection has to be made. A protocol is a set of standard or rules to exchange data between two devices. Routing protocols are classified into unicast routing protocols, multicast routing protocols and broadcast routing protocols. Figure 2.1 shows the classification of routing protocols.

Figure 2.1: Classification of Routing Protocols
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2.3 Unicast Routing Protocols

In Unicast protocols a source transmits messages[11]  or data packets to one destination. The Unicast protocols are the most common in ad hoc environment to be developed and they form the basis to construct other type of protocols. Unicast protocols are used when there is a need to send same message or stream of data to multiple destinations.  

Unicast routing is the forwarding of traffic destined to a single location on an internetwork from a source host to a destination host using routers. An internetwork is at least two networks that are connected by routers. A router is a network layer intermediate system that is used to connect networks together based on a common network layer protocol such as TCP/IP. A network is a portion of the networking infrastructure (encompassing repeaters, hubs, and bridges/Layer 2 switches) that is bounded by routers and is associated with the same network layer address known as a network address or network ID. Unicast protocols are classified into three types namely Reactive routing protocols, Proactive routing protocols and Hybrid routing protocols.

2.3.1 Reactive Protocols

A Reactive Routing Protocol does not make the nodes [20] initiate a route discovery process until a route to a destination is required. Reactive routing is also known as on-demand routing protocol since it does not maintain routing information or routing activity at the network nodes if there is no communication. If a node wants to send a packet to another node then this protocol searches for the route in an on-demand manner and establishes the connection in order to transmit and receive the packets. Examples of Reactive Protocols are AODV (Ad hoc On-Demand Distance Vector), DYMO (Dynamic MANET On-demand), LAR (Location Aided Routing), DSR (Dynamic Source Routing) and AOCR (Admission Control Enabled On-Demand Routing).

Advantages


The Advantage is that due to the high uncertainty in the position of the nodes, however, the reactive protocols are much suited and perform better for ad-hoc networks.
Disadvantages


The Disadvantages of reactive protocols include High latency time in route finding and excessive flooding leading to network clogging.
2.3.2 Proactive Protocols

In networks utilizing a proactive routing protocol, every node maintains one or more tables representing the entire topology of the network. These tables are updated regularly in order to maintain up-to-date routing information from each node to every other node.
To maintain the up-to-date routing information, topology information needs to be exchanged between the nodes on a regular basis, leading to relatively high overhead on the network. On the other hand, routes will always be available on request. Examples of Proactive Protocols are OLSR (Optimized Link State Routing), DSDV (Destination Sequence Distance Vector), HSR (Hierarchical State Routing Protocol) and IARP (Intrazone Routing Protocol).

Advantages
 The main advantage of Proactive Protocols is Communications with arbitrary destinations experience minimal initial delay from the point of view of the application.

Disadvantages


 The Disadvantages of proactive protocols is that Additional control traffic is needed to continually update stale route entries.
2.3.3 Hybrid Protocols

Hybrid Routing Protocols [4] combine the merits of proactive and reactive routing protocols by overcoming their demerits. In this section some light on hybrid routing protocol is given. [17]Hybrid Routing is a third classification of routing algorithm. Hybrid routing protocols use distance-vectors for more accurate metrics to determine the best paths to destination networks, and report routing information only when there is a change in the topology of the network. Hybrid routing allows for rapid convergence but requires less processing power and memory as compared to link-state routing. Examples of Hybrid Protocols are ZRP (Zone Routing Protocol), HRPLS (Hybrid Routing Protocol for Large Scale Mobile Adhoc Networks with Mobile Backbone), HWMP (Hybrid Wireless Mesh Protocol), OORP (Order One Routing Protocol) and HSLS (HAZY Sighted Link State Routing Protocol). Table 2.1 represents the comparison of the three routing protocols.

Advantages

Hybrid routing protocols use distance-vectors for more accurate metrics to determine the best paths to destination networks, and report routing information only when there is a change in the topology of the network.
Disadvantages


Disadvantage of hybrid protocols is that success depends on the amount of nodes activated and Reaction to traffic demand depends on gradient of traffic volume.

Table 2.1 Comparison of Routing Protocols
	S.No
	Criteria
	Reactive
	Proactive
	Hybrid



	1.
	Route finding
	Tries to find route used on-demand manner.
	Maintain extensive routing table for entire network.
	Hybrid routing are simpler to maintain due to their scalable feature.

	2.
	Route Discovery
	A source node will initiate a route-discovery process while sending the packets to the destination.


	The routing table holds a complete set of destination address and the list of intermediate nodes needed to reach each destination.


	Hybrid routing protocols utilize proactive routing in small networks, and reactive routing in large-scale networks.

	3.
	Route 

Maintenance
	Route discovery is maintained in the temporary cache at source node unless another route discovery to start over again.


	The routing tables are updated whenever the network topology changes.


	The hybrid routing protocols have the advantage of both proactive and reactive routing protocols to balance the delay and control overheads.

	4.
	Advantages
	It gives low overhead and control messages.
It has high latency in route discovery.


	Generate high volume of control messages required for updating local routing tables. 

It has low latency in discovering new routes.
	It reduces latency in route discovery and reduces the number of control messages.

Reaction to traffic demand depends on gradient of traffic volume.


2.4 Multicast Routing Protocols

Multicast communications refers to one to many communications [5][6]. Multicast is the delivery of a message or information to a group of destination computers simultaneously in a single transmission from the source. Multicast routing protocols for ad hoc wireless networks can be broadly classified into two types: application-independent/generic multicast protocols and application-dependent multicast protocols. While application-independent multicast protocols are used for conventional multicasting, application-dependent multicast protocols are meant only for specific applications for which they are designed.
With multicast routing, multicast-capable routers communicate multicast group membership information to each other so that intelligent multicast forwarding decisions are made across the internetwork. Multicast routers use multicast routing protocols to communicate multicast group information with each other.

Examples of multicast routing protocols include Distance Vector Multicast Routing Protocol (DVMRP), Multicast Extensions to OSPF (MOSPF), Protocol Independent Multicast-Sparse Mode (PIM-SM), and Protocol Independent Multicast-Dense Mode (PIM-DM). 

2.5 Broadcast Routing Protocols

 
Broadcast routing is a critical component[7][8] of network administration and management. It delivers and updates various network control information. In broadcast, routers transmit their information to other routers at regular intervals. A typical broadcast routing protocol is RIP (Routing Information Protocol), in which routers send their complete routing table once every few minutes, to all of their neighbors. This technique tends to be wasteful in bandwidth, as changes in the route do not vary much over short period of time.

Broadcast algorithms are also used for flooding operations in wireless sensor networks and node classification algorithms in general. Broadcasting algorithms are key components of prominent ad hoc routing protocols. Broadcast techniques are divided into four categories: simple (blind) flooding, probabilistic methods, area based methods and neighbor knowledge methods.


There are several broadcasting types. They are Limited Broadcast, Net-Directed Broadcast, and Subnet-Directed Broadcast. The sending of some packets to all receivers is limited in some way based on LAN, Subnet, and Organization.

Conclusion 


This section discussed the classification of Routing Protocols. The next section discusses the Methodology used in this project to identify the Suitable Reactive Routing Protocols for WiMAX. The protocols implemented are also explained.
CHAPTER 3

METHODOLOGY

To Study the Performance Analysis of Reactive Routing protocols for WiMAX Networks following Algorithms are implemented:

· LAR1 (Location Aided Routing Protocols)

· AODV (Ad hoc On-Demand Routing Protocols)

· DSR (Dynamic Source Routing Protocols)
The methodology followed in the project work is shown in the figure 3.1.

Figure 3.1: Methodology Followed
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3.3 LAR1 (Location Aided Routing protocol)

Location-Aided Routing (LAR Location Aided Routing; Routing protocol;) is an on-demand routing protocol which exploits location information [20]. It is similar to DSR Dynamic Source Routing; Routing protocol., but with the additional requirement of GPS information. Location Aided Routing sends location information in all networks to decrease overheads due to route discovery. It limits the search to a smaller request zone causing significant reduction in the number of routing messages. In the LAR protocol, route errors are generated when a route breaks.
When a Source node needs to find a route to Destination node [21], Source node broadcasts a route request message to all its neighbors. An intermediate node receives the route request message, compares the desired destination with its own identifier. If there is a match, it means that the request is for a route to itself. Otherwise, intermediate node broadcasts the request to its neighbors – to avoid redundant transmissions of route requests, an intermediate node only broadcasts a particular route request once. The sample coding of LAR1 is given in ANNEXURE-II. The steps in the LAR1 algorithm are given below:

Step 1: The source node broadcasts a Route Request (RREQ) message to all its neighbors.

Step 2: The neighbor node receives a RREQ message and compares the desired Destination.

Step 3: The RREQ is propagated to various nodes included the path followed by the RREQ.

Step 4: If there is a match the source node keeps the request itself.
Step 5: Else it broadcasts the request to its neighbors.

Step 6: If the destination receives the RREQ, it send a Route Reply (RREP) message to the sender by the same path.

Step 7: Else the sender sets a timeout interval and then a new route discovery is initiated.
Step 8: Timeout may occur if the destination does not receive a route request, or if the route reply message from the destination is lost.
Step 10: If the next hop on the route is broken, route error(RERR) message will send to the Source node.

Step 11: Then the Source node initiates route discovery for destination.
3.4 AODV (Adhoc On-Demand Distance Vector Routing Protocol)

Ad hoc On-Demand Distance Vector (AODV) Routing is a routing protocol for mobile ad hoc networks (MANETs) and other wireless ad-hoc networks[9][10][11]. It is a reactive routing protocol, meaning that it establishes a route to a destination only on demand. In contrast, the most common routing protocols of the Internet are proactive, meaning they find routing paths independently of the usage of the paths. [23]AODV is, as the name indicates, a distance-vector routing protocol. AODV avoids the counting-to-infinity problem of other distance-vector protocols by using sequence numbers on route updates, a technique pioneered by DSDV. AODV is capable of both unicast and multicast routing.

AODV works by using Route Request Messages (RREQ) and Route Reply Messages (RREP). If a node is not in range with a node that it wants to talk to, it sends a RREQ to its neighbors. 

The RREQ[22] contains source IP address and sequence number, and destination IP address and sequence number, as well as the life span of the RREQ. If a neighbor of the source doesn’t know a route to the destination, it rebroadcasts the RREQ. If a neighbor does know a route to the destination, it sends a RREP back to the source. The algorithm steps of AODV are given below:

Step 1: Source node starts searching the destination using some Initial Time to Live (TTL) value.

Step 2: The source node broadcasts a Route Request (RREQ) message to all its neighbors.

Step 4: The neighbor forwards the request to their neighbors by records the address of the neighboring nodes.

Step 5: If the RREQ is received by either destination or intermediate node with a route to the destination, it replies the route reply (RREP) message.

Step 6: If the RREP reaches the source node, then a route from the source to the destination is established.

Step 7: If the path to the destination is break it remove the routing entry and send route error (RERR) message to the affected neighbors.

Step 8: The affected source node may stop sending data or reinitiate route discovery for that destination by sending out a new RREQ message.
3.5 DSR (DYNAMIC SOURCE ROUTING PROTOCOL)

Dynamic Source Routing (DSR) is a routing protocol [20][19] for wireless mesh networks. DSR allows the network to be completely self-organizing and self-configuring, without the need for any existing network infrastructure or administration. It is a simple and efficient routing protocol designed specifically for use in multi-hop wireless ad hoc networks of mobile nodes. The protocol is composed of the two main mechanisms of "Route Discovery" and "Route Maintenance", which work together to allow nodes to discover and maintain routes to arbitrary destinations in the ad hoc network. However, it uses source routing instead of relying on the routing table at each intermediate device.

Route Discovery is the [23][22]mechanism by which a Source node sends a packet to a destination node. Route Discovery is used only when Source attempts to send a packet to Destination and does not already know a route to Destination.

Route Maintenance is the mechanism by which node Source is able to detect, while using a source route to Destination, if the network topology has changed such that it can no longer use its route to Destination because a link along the route no longer works. When Route Maintenance indicates a source route is broken, Source can attempt to use any other route it happens to know to Destination, or can invoke Route Discovery again to find a new route. Route Maintenance is used only when Source is actually sending packets to Destination. The algorithm steps of DSR are given below:

Step 1: The Source node checks its route to destination whether it already have the route to the destination.

Step 2: If it has the route, then it will use this route to send the packet to the destination. 

Step 3: Else it indicates route discovery by broadcasting the RREQ packets.

Step 4: Each node receiving the RREQ packets and searches the route to the intended destination.

Step 5: If no route in found in the cache, it adds its own address to the route and then forwards the packets to its neighbors.

Step 6: RREQ propagates through the network until either the destination is reached.

Step 7: If RREQ reaches either to the destination itself or to an intermediate node which has a route to the destination, then the RREP is unicasted to the Source.

Step 8: The packet is retransmitted until the conformation of receipt is received.
Step 9: If the packet is transmitted by maximum number of times and yet no receipt information is received, then the node returns a RERR to the source.

Step 10: When the RERR packet is received, the hop in error is removed and all routes containing the hop are truncated at that point.

Conclusion 


The above reactive routing protocols taken for study are explained in this section. The experimentation and results due to simulation are discussed in the next section. 

CHAPTER 4
EXPERIMENTATION AND RESULTS

The WiMAX network scenario is created and the identification of routing protocol is done based on the simulation results. 
4.1 Simulation setup

In the simulation model, the star topology with 25, 50,75,100  nodes are uniformly deployed in an area of 1500m X 1500m. These nodes are connected through WiMAX network. Packets are sent from source node to destination node through the CBR (Constant Bit Rate) connection. QoS performance are measured for IEEE 802.16 star topology using different wireless reactive routing protocols AODV, DSR, LAR1. The simulation is carried out using QualNet version 5.0 which provides scalable simulations of wireless networks. The Screenshots of the WiMAX network is given in ANNEXURE-I.
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Figure 4.1: Simulation Setup of WiMAX Network
4.2 Performance Parameters

QoS of these reactive routing protocols are measured by the performance metrics like,
i. Jitter

ii. Average End to End Delay

iii. Packet Sent Ratio

iv. Packets Received Ratio

v. Throughput
4.2.1 Jitter

Jitter is often known as a measure of the variability of time of the packet latency across a network. Jitter refers to the variation in packet delay.
4.2.2 Average End-to-end Delay

Average End-to-End Delay indicates the length of time taken for a packet to travel from the CBR source to destination. The End-to-End Delay is the time taken for a packet to reach the destination node.
PD = T r – T t  

where,

PD = Packet Delay

 Tr = Receive Time at Destination

 Tt = Sent Time at Source 
λ = ∑ PD/ N r
where,

         λ = Average Delay

         ∑PD= Sum of all Packet Delays

         N r = Total Number of Received Packets

4.2.3 Packets Sent Ratio

Packet Sent ratio is total number of packets sent by the source node in the given time.
4.2.4 Packets Received Ratio

Packets Received ratio is total packets received by the destination node in the given time.
4.2.5 Throughput

Throughput is the number of bits passed through a network in one second. It measures how fast data can pass through an entity. The throughput of a node is measured by first counting the total number of data packets successfully received at the node and computing the number of bits received, which is divided by the total simulation time.
Tn =Tbr / Sr

where,

           Tn= Throughput of a Node


Tbr= Total data bits received

 
Sr= Simulation runtime

Throughput of the network is defined as:


 Tnn= ∑Tn/Nn

where,


Tn = Network Throughput


∑Tn=Sum of Throughput of Nodes involved in Data transmission.


Nn=Number of Nodes.

The Simulation Parameters considered are shown in table 4.1



Table 4.1: Simulation Parameters for IEEE 802.16

	

Parameters


	Value



	Channel Bandwidth

FFT Size

Time Interval

Enable mobility mode IEEE 802.16e

Type of  Router

Route Type

Specify node orientation 

Routing Protocols used

	20,7,10 MHz

2048,512,1024

100 sec-1 hour

Yes

Predefined

Generic

Yes

AODV, DSR, LAR1


4.3 Experiments Conducted

With the QualNet simulator and the range of values used for the parameters, following experiments are conducted.

i. Establishment of networks with 25 nodes,50 nodes, 75 nodes and 100 nodes.

ii. Implementation of AODV protocol.

iii. Implementation of DSR protocol.

iv. Implementation of LAR1 protocol.

v. Evaluation of performance metrics Jitter, Average End-to-End Delay, Packets Sent Ratio, packets Received Ratio and Throughput. 

vi. Changing the channel bandwidth by 20 MHz into 7, 10 MHz and FFT Size by 2048 into 512, 1024.

4.4 Performance Analysis

The performance analysis for Simulation Data Set and Real Data Set is given below.
4.4.1 Simulation Data Set

Table 4.2: Comparison of different reactive routing protocols using CBR application in WiMAX Network for 25 nodes
	        ROUTING                        

              PROTOCOLS 

PERFORMANCE

METRICS
	         AODV
	       DSR
	        LAR1

	JITTER
	0.02973
	0.02748
	0.02711

	AVG END TO END DELAY
	0.07937
	0.11239
	0.07917

	THROUGHPUT
	4187
	4192
	4188

	NO.OF PACKETS SENT
	100
	100
	100

	NO.OF PACKET REVEIVED (%)
	100%
	100%
	100%




The table 4.2 indicates the comparison of routing protocols for 25 nodes.

From the above table all reactive protocols have sent packets successfully. Compared to all protocols DSR gives the high throughput value of 4192. However LAR1 gives Lowest Jitter value of 0.02711 and lowest Average End-to-End Delay value of 0.07977.

Table 4.3: Comparison of different reactive routing protocols using CBR application in WiMAX Network for 50 nodes
	        ROUTING                        

              PROTOCOLS 

PERFORMANCE

METRICS
	         AODV
	       DSR
	        LAR1

	JITTER
	0.02827
	0.03414
	0.02712

	AVG END TO END DELAY
	0.07877
	0.08334
	0.07817

	THROUGHPUT
	4170
	4191
	4170

	NO.OF PACKETS SENT
	100
	100
	100

	NO.OF PACKET REVEIVED (%)
	100%
	100%
	100%


The table 4.3 indicates the comparison of routing protocols for 50 nodes.

From the above table it can be observed that all reactive protocols sent packets successfully. Compared to all protocols DSR gives the high throughput value of 4191. However LAR1 gives Lowest Jitter value of 0.02712 and lowest Average End-to-End Delay value of 0.07817.

Table 4.4: Comparison of different reactive routing protocols using CBR application in WiMAX Network for 75 nodes
	        ROUTING                        

              PROTOCOLS 

PERFORMANCE

METRICS
	         AODV
	       DSR
	        LAR1

	JITTER
	0.02299
	0.02681
	0.02287

	AVG END TO END DELAY
	0.07377
	0.08017
	0.07257

	THROUGHPUT
	4172
	4188
	4170

	NO.OF PACKETS SENT
	100
	100
	100

	NO.OF PACKET REVEIVED (%)
	100%
	100%
	100%


The table 4.4 indicates the comparison of routing protocols for 75 nodes.

From the above table it can be observed that all reactive protocols sent packets successfully. Compared to all protocols DSR gives the high throughput value of 4188. However LAR1 gives Lowest Jitter value of 0.02287 and lowest Average End-to-End Delay value of 0.07257.

Table 4.5: Comparison of different reactive routing protocols using CBR application in WiMAX Network for 100 nodes

	        ROUTING                        

              PROTOCOLS 

PERFORMANCE

METRICS
	         AODV
	       DSR
	        LAR1

	JITTER
	0.02846
	0.04423
	0.02701

	AVG END TO END DELAY
	0.07837
	0.11239
	0.07677

	THROUGHPUT
	4178
	4244
	4179

	NO.OF PACKETS SENT
	100
	100
	100

	NO.OF PACKET REVEIVED (%)
	100%
	100%
	100%


The table 4.5 indicates the comparison of routing protocols for 100 nodes.

From the above table all it can be observed that reactive protocols sent packets successfully. Compared to all protocols DSR gives the high throughput value of 4244. However LAR1 gives Lowest Jitter value of 0.02701 and lowest Average End-to-End Delay value of 0.07677.

The Following chart 4.3 shows the comparison of Reactive Routing Protocols for Jitter value for 25, 50, 75, 100 nodes.
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Figure 4.3: Impact of Jitter on various Routing protocols using CBR application

The Figure represents the value of jitter value for different Reactive Routing Protocols like AODV, DSR and LAR1 for 25, 50, 75, 100 nodes. The chart shows that the protocol LAR1 gives the lowest jitter value for all number of nodes.

The Following chart 4.4 shows the comparison of Reactive Routing Protocols for Delay value for 25, 50, 75, 100 nodes. 
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Figure 4.4: Impact of Delay on various Routing protocols using CBR application

The Figure represents the value of Average End-to-End Delay value for different Reactive Routing Protocols like AODV, DSR and LAR1 for 25, 50, 75, 100 nodes. The chart shows that the protocol LAR1 gives the lowest Average End-to-End Delay value for all number of nodes.

The Following chart 4.5 shows the comparison of Reactive Routing Protocols for Throughput value for 25, 50, 75, 100 nodes.
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Figure 4.5: Impact of Throughput on various Routing protocols using CBR application

The Figure represents the value of Throughput value for different Reactive Routing Protocols like AODV, DSR and LAR1 for 25, 50, 75, 100 nodes. The chart shows that the protocol DSR gives the Highest Throughput value for all number of nodes.

4.3.2 Real Data Set

The Performance Analysis of different wireless Reactive Routing protocols like AODV, DSR, and LAR1 using CBR connection is studied by changing their Channel Bandwidth as 7, 10 MHz, and FFT Size as 512, 1024 MHz in IEEE 802.16 (WiMAX) star topology.
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Figure 4.6:  QualNet animation during simulation execution

Table 4.6: Comparison of different reactive routing protocols using CBR application in WiMAX Network using Real Data

	        ROUTING                        

              PROTOCOLS 

PERFORMANCE

METRICS
	         AODV
	       DSR
	        LAR1

	JITTER
	0.03222
	0.02998
	0.02648

	AVG END TO END DELAY
	0.08637
	0.08337
	0.07377

	THROUGHPUT
	4204
	4190
	4177

	NO.OF PACKETS SENT
	100
	100
	100

	NO.OF PACKET REVEIVED (%)
	100%
	100%
	100%


The table 4.6 describes the Comparison of Reactive Routing protocols for the Real data of Channel Bandwidth 7 MHz and FFT Size 512.


 The above table shows that all Protocols sent the packets successfully. AODV gives the high Throughput Value of 4204, but LAR1 gives the lowest Jitter value of 0.02648 and lowest Average End-to-End Delay value of 0.07377. From the Real data comparison LAR1 is the Best Suited Reactive Routing Protocols for WiMAX Network.

The Following chart 4.6 shows the comparison of Reactive Routing Protocols in CBR application for WiMAX Networks using Real data.
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Figure 4.6 Comparisons of Reactive Routing Protocols for Real Data


The Figure represents the value comparison of different Reactive Routing Protocols like AODV, DSR and LAR1 for Real Data. The chart shows that the all protocols sent packets successfully. Compared to all protocol AODV gives the Highest Throughput value of 4204. However LAR1 gives Lowest Jitter value of 0.02648 and Average End-to-End Delay value of 0.07377.

The following table 4.7 describes the Comparison of Reactive Routing protocols for the Real data of Channel Bandwidth 10 MHz and FFT Size 1024.


Table 4.7: Comparison of different reactive routing protocols using CBR application in WiMAX Network using Real Data

	        ROUTING                        

              PROTOCOLS 

PERFORMANCE

METRICS
	         AODV
	       DSR
	        LAR1

	JITTER
	0.02542
	0.02689
	0.02238

	AVG END TO END DELAY
	0.07437
	0.07796
	0.07157

	THROUGHPUT
	4198
	4186
	4168

	NO.OF PACKETS SENT
	100
	100
	100

	NO.OF PACKET REVEIVED (%)
	100%
	100%
	100%


The Following chart 4.7 shows the comparison of Reactive Routing Protocols in CBR application for WiMAX Networks using Real data.

.
.
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Figure 4.7 Comparisons of Reactive Routing Protocols for Real Data

The Figure represents the value comparison of different Reactive Routing Protocols like AODV, DSR and LAR1 for Real Data. The chart shows that the all protocols sent packets successfully. Compared to all protocol AODV gives the Highest Throughput value of 4198. However LAR1 gives Lowest Jitter value of 0.02238 and Average End-to-End Delay value of 0.07159.

Conclusion

This section discussed the Simulation Setup and the Performance Analysis of wireless Reactive Routing Protocols for WiMAX Network using different number of nodes. The performance metrics considered number of Different Reactive Routing Protocols to Represent Jitter, Average End-to-End Delay, Packet Sent Ratio, Packets Received Ratio and Throughput.
CHAPTER 5
CONCLUSION AND FUTURE SCOPE

6.1 Conclusion


Quality of Service metrics is used to compare the Performance of Reactive Routing protocols like AODV, DSR and LAR1. The result shows that all protocols packets sent successfully and LAR1 gives the Lowest Jitter and Lowest Average End-to-End Delay. So, LAR1 is the best suited Reactive Routing Protocols for WiMAX Network. This project aims at fast delivery of data packets for WiMAX network.

6.2 Future Scope


The particular feature of three Reactive Routing protocols can be studied in future to develop the Scenario for WiMAX in QualNet.
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ANNEXURE II

SAMPLE CODING 

LAR1 Coding

#include <stdlib.h>

#include <stdio.h>

#include <string.h>

#include <math.h>

#include "api.h"

#include "network_ip.h"

#include "routing_lar1.h"

#define LAR1_SEND_BUFFER_SIZE        (128)

#define LAR1_RREQ_JITTER             (10 * MILLI_SECOND)

#define LAR1_REQ_TIMEOUT             (2 * SECOND)

#define LAR1_MAX_ROUTE_LENGTH        (9)

#define LAR1_MAX_SEQ_NUM             (1024)

#define LAR1_REQUEST_SEEN_LIFETIME   (30 * SECOND)

typedef enum {

    LAR1_ROUTE_REQUEST,

    LAR1_ROUTE_REPLY,

    LAR1_ROUTE_ERROR

} LAR1_PacketType;

typedef struct lar1_routerequest {

    LAR1_PacketType packetType;

    NodeAddress sourceAddr;

    NodeAddress destAddr;

    BOOL flooding;

    int currentHop;

    int seqNum;

    LAR1_Zone requestZone;

} LAR1_RouteRequest;

typedef struct lar1_routereply {

    LAR1_PacketType packetType;

    NodeAddress sourceAddr;

    NodeAddress destAddr;

    int segmentLeft;

    double destVelocity;

    clocktype locationTimestamp;

    LAR1_Location destLocation;

} LAR1_RouteReply;

typedef struct lar1_routeerror {

    LAR1_PacketType packetType;

    NodeAddress sourceAddr;

    NodeAddress destAddr;

    NodeAddress fromHop;

    NodeAddress nextHop;

    int segmentLeft;

} LAR1_RouteError;

static BOOL

Lar1NodeInZone(

    Node *node,

    LAR1_Zone *zone);

static void

Lar1HandleRouteErrorPacket(

    Node *node,

    Message *msg);

static void

Lar1HandleRouteReply(

    Node *node,

    Message *msg);

static void

Lar1TransmitData(

    Node *node,

    Message *outMsg);

static Message *Lar1RetrieveSendBuf(

    Lar1Data *lar1,

    NodeAddress destAddr);

static void

Lar1HandleRouteRequest(

    Node *node,

    Message *msg);

static void

Lar1InitiateRouteReply(

    Node *node,

    Message *oldMsg);

static BOOL

Lar1NodeInReqPath(

    Node *node,

    NodeAddress *path,

    int hopcount);

static void

Lar1FlushRequestSeenCache(

    Node* node,

    Lar1Data *lar1);

static void

Lar1InsertRequestSeen(

    Node* node,

    Lar1Data *lar1,

    NodeAddress sourceAddr,

    int seqNum);

static void

Lar1InsertRequestSent(

    Lar1Data *lar1,

    NodeAddress destAddr);

static void

Lar1RemoveRequestSent(

    Lar1Data *lar1,

    NodeAddress destAddr);

static BOOL

Lar1LookupRequestSeen(

    LAR1_RequestSeenEntry *reqSeen,

    NodeAddress sourceAddr,

    int seqNum);

static void

Lar1PropagateRouteRequest(

    Node *node,

    Message *oldMsg);

static void

Lar1InitiateRouteRequest(

    Node *node,

    NodeAddress destAddr);

static BOOL

Lar1CalculateReqZone(

    Node *node,

    Message *msg,

                                 NodeAddress destAddr);

static BOOL

Lar1BufferPacket(

    Node *node,

    Message *msg,

    NodeAddress destAddr);

static BOOL

Lar1PendingRouteReq(

    Node *node,

    NodeAddress destAddr);

static BOOL

Lar1RouteExists(

    LAR1_RouteCacheEntry *cacheEntry,

    NodeAddress destAddr);

static LAR1_RouteCacheEntry

*Lar1RetrieveCacheEntry(

    LAR1_RouteCacheEntry *cacheEntry,

    NodeAddress destAddr);

static void

Lar1InsertRoute(

    Lar1Data *lar1,

    LAR1_RouteReply *pkt,

    NodeAddress *path,

    int numEntries);

static void

Lar1SetTimer(

    Node *node,

    Int32 eventType,

    NodeAddress destAddr,

    clocktype delay);

static void

Lar1FreeCacheEntry(

    LAR1_RouteCacheEntry *cacheEntry);

static void

Lar1InvalidateRoutesThroughBrokenLink(

    Node *node,

    NodeAddress fromHop,

    NodeAddress toHop);

static void

Lar1DeleteRoute(

    Node *node,

    NodeAddress destAddr);

static void

Lar1TransmitErrorPacket(

    Node *node,

    const Message *oldMsg,

    NodeAddress nextHop);

static void

Lar1HandleBrokenLink(

    Node *node,

    const Message *msg);

void Lar1Init(

   Node *node,

   Lar1Data** lar1,

   const NodeInput *nodeInput,

   int interfaceIndex)

{

    int i;

    BOOL wasFound;

    char buf[80];

    if (MAC_IsWiredNetwork(node, interfaceIndex))

    {

        ERROR_Assert(FALSE, "LAR1 can only support wireless interfaces");

    }

    *lar1 = (Lar1Data *) MEM_malloc(sizeof(Lar1Data));

    RANDOM_SetSeed((*lar1)->seed,

                   node->globalSeed,

                   node->nodeId,

                   ROUTING_PROTOCOL_LAR1,

                   interfaceIndex);

    (*lar1)->routeCacheHead = NULL;

    (*lar1)->reqSeenHead = NULL;

    (*lar1)->reqSentHead = NULL;

    (*lar1)->sendBufHead = (*lar1)->sendBufTail = 0;

    (*lar1)->sendBuf =

        (LAR1_SendBufferEntry **)

        MEM_malloc(sizeof(LAR1_SendBufferEntry *) * LAR1_SEND_BUFFER_SIZE);

    for (i=0; i<LAR1_SEND_BUFFER_SIZE; i++)

    {

        (*lar1)->sendBuf[i] = NULL;

    }

    (*lar1)->seqNum = 0;

    (*lar1)->DataPacketsSentAsSource = 0;

    (*lar1)->DataPacketsRelayed = 0;

    (*lar1)->RouteRequestsSentAsSource = 0;

    (*lar1)->RouteRepliesSentAsRecvr = 0;

    (*lar1)->RouteErrorsSentAsErrorSource = 0;

    (*lar1)->RouteRequestsRelayed = 0;

    (*lar1)->RouteRepliesRelayed = 0;

    (*lar1)->RouteErrorsRelayed = 0;

    IO_ReadString(

        node->nodeId,

        ANY_ADDRESS,

        nodeInput,

        "ROUTING-STATISTICS",

        &wasFound,

        buf);

    if ((wasFound == FALSE) || (strcmp(buf, "NO") == 0)) {

        (*lar1)->statsCollected = FALSE;

    }

    else if (strcmp(buf, "YES") == 0) {

        (*lar1)->statsCollected = TRUE;

    }

    (*lar1)->localAddress = NetworkIpGetInterfaceAddress(node, interfaceIndex);

    NetworkIpSetRouterFunction(node, &Lar1RouterFunction, interfaceIndex);

    NetworkIpSetMacLayerStatusEventHandlerFunction(node,

        &Lar1MacLayerStatusHandler, interfaceIndex);

#ifdef DEBUG

    printf("#%d: Lar1Init()\n", node->nodeId);

#endif

}

void Lar1Finalize(Node *node)

{

    Lar1Data* lar1 = (Lar1Data *)

        NetworkIpGetRoutingProtocol(node, ROUTING_PROTOCOL_LAR1);

    char buf[MAX_STRING_LENGTH];

#ifdef DEBUG

    printf("#%d: Lar1Finalize(Node* node)\n", node->nodeId);

#endif

    if (lar1->statsCollected) {

        sprintf(buf, "Data Packets Sent As Data Source = %d",

                      lar1->DataPacketsSentAsSource);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

        sprintf(buf, "Data Packets Relayed = %d",

                      lar1->DataPacketsRelayed);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

        sprintf(buf, "Route Requests Sent As Data Source = %d",

                      lar1->RouteRequestsSentAsSource);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

        sprintf(buf, "Route Replies Sent As Data Receiver = %d",

                      lar1->RouteRepliesSentAsRecvr);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

        sprintf(buf, "Route Error Packets Sent As Source of Error = %d",

                      lar1->RouteErrorsSentAsErrorSource);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

        sprintf(buf, "Route Requests Relayed As Intermediate Node = %d",

                      lar1->RouteRequestsRelayed);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

        sprintf(buf, "Route Replies Relayed As Intermediate Node = %d",

                      lar1->RouteRepliesRelayed);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

        sprintf(buf, "Route Error Packets Relayed As Intermediate Node = %d",

                      lar1->RouteErrorsRelayed);

        IO_PrintStat(

            node,

            "Network",

            "LAR1",

            ANY_DEST,

            -1 /* instance Id */,

            buf);

    }

}

void Lar1RouterFunction(Node *node,

                        Message *msg,

                        NodeAddress destAddr,

                        NodeAddress previousHopAddr,

                        BOOL* PacketWasRouted)

{

    Lar1Data *lar1;

    IpHeaderType *ipHeader = (IpHeaderType *) MESSAGE_ReturnPacket(msg);

    lar1 = (Lar1Data *)

        NetworkIpGetRoutingProtocol(node, ROUTING_PROTOCOL_LAR1);

    if (destAddr == lar1->localAddress) {

        *PacketWasRouted = FALSE;

        return;

    }

#ifdef DEBUG

    printf("#%d:    Lar1HandleDatapacket()\n",node->nodeId);

#endif

    if (ipHeader->ip_src != lar1->localAddress) {

#ifdef DEBUG

        printf("        Source Routing this packet.\n");

#endif

        lar1->DataPacketsRelayed++;

        *PacketWasRouted = FALSE;

        return;

    }

    if (Lar1RouteExists(lar1->routeCacheHead, destAddr))

    {

        *PacketWasRouted = TRUE;

#ifdef DEBUG

        printf("        Route In Cache.\n");

#endif

        Lar1TransmitData(node, msg);

    }

    else     {

        *PacketWasRouted = TRUE;

#ifdef DEBUG

        printf("        No Route in Cache to #%d.\n", destAddr);

#endif

        if (Lar1PendingRouteReq(node, destAddr))

        {

#ifdef DEBUG

            printf("            Already pending request.  Buffer pkt.\n");

#endif

            if (Lar1BufferPacket(node, msg, destAddr))

            {

#ifdef DEBUG

                printf(" Buffered size %d.\n",   MESSAGE_ReturnPacketSize(msg));           
#endif

            }

            else

            {

#ifdef DEBUG

                printf(" Not enough space in buffer.  ","Dropped.\n");

#endif

                MESSAGE_Free(node, msg);

            }

        }

        else

        {

#ifdef DEBUG

            printf("            Initiate route request and buffer pkt.\n");

#endif

            if (Lar1BufferPacket(node, msg, destAddr))

            {

#ifdef DEBUG

                printf("     Buffered.  Initiate Route Request.\n");

                printf("  size %d\n",  MESSAGE_ReturnPacketSize(msg));

#endif

                Lar1InsertRequestSeen(node, lar1, lar1->localAddress, lar1->seqNum);

                Lar1InitiateRouteRequest(node, destAddr);

            }

            else

            {

#ifdef DEBUG

                printf("   Not enough space in buffer.  ", "Dropped.\n");

#endif

                MESSAGE_Free(node, msg);

            }

        }

    }

}
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