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1. INTRODUCTION
	The goal of this project is to investigate the behavior of routing convergence. It begins with an explanation of IP addressing. The report discusses the two routing protocols: Routing Information Protocol (RIP) and Open Shortest Path First (OSPF) into great detail. The report then examines the structure of a routing table and the route selection process.
	In order to be practical in the investigation of the routing convergence, we perform an experiment that involved routers. It is assumed that an end customer requires redundancy for its Wide Area Network (WAN) connection. The customer purchases WAN connectivity from two different ISPs that are, running two different routing protocols hence routing information must be redistributed. We conduct the experiment such that network convergences under different failure situation are examined. We will also modify the timers of RIP and OSPF to inspect any improvement.
1.1 NETWORK 
	Network is a collection of hardware components and computers interconnected by communication channels that allow sharing of resources and information. Where at least one process in one device is able to send/receive data to/from at least one process residing in a remote device, then the two devices are said to be in a network.
1.2 INTERNET PROTOCOL SUITE
	The Internet Protocol Suite, often also called TCP/IP, is the foundation of all modern internetworking. It offers connection-less as well as connection-oriented services over an inherently unreliable network traversed by datagram transmission at the Internet protocol (IP) level. At its core, the protocol suite defines the addressing, identification, and routing specification in form of the traditional Internet Protocol Version 4 (IPv4) and IPv6, the next generation of the protocol with a much enlarged addressing capability.






1.3 SIMULATION TOOLS
	CISCO PACKET TRACER 7.1 is a GRAPHICAL NETWORK SIMULATOR that allows simulation of complex networks.
To provide complete and accurate simulations, CISCO PACKET TRACER 7.1 is strongly linked with:
1. Dynamics, a Cisco IOS emulator.
2. Qemu, a generic and open source machine emulator and virtualizer.
3. Virtual Box, a free and powerful virtualization software.
CISCO PACKET TRACER 7.1 is an excellent complementary tool to real labs for network engineers, administrators and people want to study for certifications such as Cisco CCNA, CCNP, CCIP and CCIE as well as Juniper JNCIA, JNCIS and JNCIE.
It can also be used to experiment features of Cisco IOS, Juniper JunOS or to check configurations that need to be deployed later on real routers.
This is an open source, free program that may be used on multiple operating systems, including Windows, Linux, and MacOS X.
	1.4 FEATURES OVERVIEW
1. Design of high quality and complex network topologies.
2. Emulation of many Cisco IOS router platforms, IPS, PIX and ASA firewalls, JunOS.
3. Simulation of simple Ethernet, ATM and Frame Relay switches.
4. Packet capture using Wireshark.
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2. SYSTEM STUDY AND ANALYSIS 
2.1 ROUTING
	Routing is the process of moving data from one network to another by forwarding packets via gateways at the network layer in the OSI model with IP based  networks, the routing decision is based on the destination address in the IP packet's header.
2.2 ROUTER
	A router is specialized computer connected to more than one network. It runs software that allows it to move data from one network to another. Routers operate at the network layer (OSI Model - Layer 3). The primary function of a router is to connect networks together and keep Layer 2 broadcast traffic under control.
2.3 ROUTING PROTOCOL
	A routing protocol is a standardized process by which routers learn and communicate connectivity information, called routes, each of which describes how to reach a destination host and network. Routers that wish to exchange routing information must use the same routing protocol to communicate routing information.
2.4 TYPES
1. Static routing.
2. Dynamic routing.
2.5 STATIC ROUTING
	Static routing is the simplest form of routing, but it is a manual process. Static routing is simply the process of manually entering routes into a device's routing table via a configuration file that is loaded when the routing device starts up. As an alternative, these routes can be entered by a network administrator who configures the routes manually. Since these manually configured routes don't change after they are configured (unless a human changes them) they are called 'static' routes. 
	Use static routing when you have very few devices to configure and when you know the routes will probably never change. 
	Static routing also does not handle failures in external networks well because any route that is configured manually must be updated or reconfigured manually to fix or repair any lost connectivity.
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Fig 2.1 Static Routing
This figure represents the static routing and shows that how they are connected by internally and externally
2.5.1 USES OF STATIC ROUTING
1. Providing ease of routing table maintenance in smaller networks that are not expected to grow significantly.
2. Using a single default route, used to represent a path to any network that does not have a more specific match with another route in the routing table.
2.5.2 ADVANTAGES
1. Minimal CPU processing.
2. Easier for administrator to understand.
3. Easy to configure.
2.5.3 DISADVANTAGES
1. Configuration and maintenance are time-consuming.
2. Configuration is error-prone, especially in large networks.
3. Administrator intervention is required to maintain changing route information.
4. Does not scale well with growing networks; maintenance becomes cumbersome.
5. Requires complete knowledge of the entire network for proper implementation.



2.6 DYNAMIC ROUTING
	Routing protocols are used to facilitate the exchange of routing information between routers. Routing protocols allow routers to dynamically learn information about remote networks and automatically add this information to their own routing tables.
	Routing protocols determine the best path to each network, which is then added to the routing table. One of the primary benefits of using a dynamic routing protocol is that routers exchange routing information whenever there is a topology change. This exchange allows routers to automatically learn about new networks and also to find alternate paths if there is a link failure to a current network. Compared to static routing, dynamic routing protocols require less administrative overhead.  However, the expense of using dynamic routing protocols is dedicating part of a router’s resources for protocol operation, including CPU time and network link bandwidth.
	Despite the benefits of dynamic routing, static routing still has its place. There are times when static routing is more appropriate and other times when dynamic routing is the better choice. More often than not, you will find a combination of both types of routing in any network that has a moderate level of complexity.
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Fig 2.2 Routers Dynamically Pass Updates
This is the diagrammatic representation of routers pass updates according to this way only message will be pass in RIP 
2.6.1 ADVANTAGES
1. Administrator has less work in maintaining the configuration when adding or deleting networks.
2. Protocols automatically react to the topology changes.
3. Configuration is less error-prone.
4. More scalable; growing the network usually does not present a problem.
2.6.2 DISADVANTAGES
1. Router resources are used (CPU cycles, memory, and link bandwidth).
2. More administrator knowledge is required for configuration, verification, and troubleshooting.
2.6.3 CLASSIFICATIONS OF DYNAMIC ROUTING PROTOCOLS 
The most commonly used routing protocols are as follows:
RIP: Routing Information Protocol.
IGRP: Interior Gateway Routing Protocol.
OSPF: Open Shortest Path First.
IS-IS: Intermediate System to Intermediate System.























4.7 OSPF IN MULTIAREA
	Multiarea is dividing single area into more number of areas. It supports n number of nodes. 
Why do we move to multiarea concept?
In single area
1. Routing information will be more when the router increases 
2. Latency also increases, 
3. Decrease in network performance. 
The solution to increase the network performance is multiarea concept. 
	An OSPF domain is divided into areas that are labeled with 32-bit area identifiers. The area identifiers for IPv6 implementations of OSPF (OSPFv3) also use 32-bit identifiers written in the dot decimal notation. While most OSPF implementations will right-justify an area number written in a format other than dotted decimal format, it is wise to always use dotted-decimal formats.
	Areas are logical groupings of hosts and networks, including their routers having interfaces connected to any of the included networks. Each area maintains a separate link state database whose information may be summarized towards the rest of the network by the connecting router. Thus, the topology of an area is unknown outside of the area. This reduces the amount of routing traffic between parts of an autonomous system. (An ABR simulation shows how an ABR lets areas know each others’ network addresses by flooding Summary LSA.)
4.8 BACKBONE AREA
	The backbone area also known as area 0 or area 0.0.0.0 forms the core of an OSPF network. All other areas are connected to it, and inter-area routing happens via routers connected to the backbone area and to their own associated areas. It is the logical and physical structure for the 'OSPF domain' and is attached to all nonzero areas in the OSPF domain. Note that in OSPF the term Autonomous System Boundary Router (ASBR) is historic, in the sense that many OSPF domains can coexist in the same Internet-visible autonomous system. 
	The backbone area is responsible for distributing routing information between non backbone areas. The backbone must be contiguous, but it does not need to be physically contiguous, backbone connectivity can be established and maintained through the configuration of virtual links.
4.9 VIRTUAL LINK
	In OSPF all areas must be connected to a backbone area. If there is a break in backbone continuity, or the backbone is purposefully partitioned, you can establish a virtual link. The two end points of a virtual link are Area Border Routers. The virtual link must be configured in both routers. The configuration information in each router consists of the other virtual endpoint (the other ABR), and the non backbone area that the two routers have in common (called the transit area). Note that virtual links cannot be configured through stub areas. This connection, however, can be through a virtual link. For example, assume area 0.0.0.1 has a physical connection to area 0.0.0.0. Further assume that area 0.0.0.2 has no direct connection to the backbone, but this area does have a connection to area 0.0.0.1. Area 0.0.0.2 can use a virtual link through the transit area 0.0.0.1 to reach the backbone. To be a transit area, an area has to have the transit attribute, so it cannot be stubby in any way.
4.10 OSPF ROUTER TYPES
OSPF defines the following router types:
1. Area border router (ABR)
2. Autonomous system boundary router (ASBR)
3. Internal router (IR)
4. Backbone router (BR)
	The router type is an attribute of an OSPF process. A given physical router may have one or more OSPF processes. For example, a router that is connected to more than one area, and which receives routes from a BGP process connected to another AS, is both an area border router and an autonomous system boundary router.
	Each router has an identifier, customarily written in the dotted decimal format (e.g., 1.2.3.4) of an IP address. This identifier must be established in every OSPF instance. If not explicitly configured, the highest logical IP address will be duplicated as the router identifier. However, since the router identifier is not an IP address, it does not have to be a part of any routable subnet in the network, and often isn't to avoid confusion.
	These router types should not be confused with the terms designated router (DR), or backup designated routers (BDR), which are attributes of a router interface, not the router itself.
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Fig 4.1 Types of Router
This figure shows that OSPF can act as the backbone of internal and as well as external router by an ABR or an ASBR
1. AREA BORDER ROUTER
	An area border router (ABR) is a router that connects one or more areas to the main backbone network. It is considered a member of all areas it is connected to. An ABR keeps multiple copies of the link-state database in memory, one for each area to which that router is connected.
2. AUTONOMOUS SYSTEM BOUNDARY ROUTER
	An autonomous system boundary router (ASBR) is a router that is connected to more than one Routing protocol and that exchanges routing information with routers in other protocols. ASBRs typically also run an exterior routing protocol (e.g., BGP), or use static routes, or both. An ASBR is used to distribute routes received from other, external ASs throughout its own autonomous system. (An interactive ASBR simulation shows how an ASBR creates External LSA for external addresses and floods them to all areas via ABR.) Routers in other areas use ABR as next hop to access external addresses. Then ABR forwards packets to the ASBR that announces the external addresses.
3. INTERNAL ROUTER
	An internal router is a router that has OSPF neighbor relationships with interfaces in the same area. An internal router has all its interfaces in a single area.
4. BACKBONE ROUTER
	Backbone routers are all routers that are connected to the OSPF backbone, irrespective of whether they are also area border routers or internal routers of the backbone area. An area border router is always a backbone router, since all areas must be either directly connected to the backbone or connected to the backbone via a virtual link (spanning across another area to get to the backbone).
5. DESIGNATED ROUTER
	A designated router (DR) is the router interface elected among all routers on a particular multi-access network segment, generally assumed to be broadcast multi-access. Do not confuse the DR with an OSPF router type. A given physical router can have some 
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8.1 CONCLUSION	
	A new framework on routing strategies in WAN was developed with  deployment of OSPFv3 and RIPng. From this paper,We analyzed  the outcome of deployment of RIPng and OSPFv3 on a network is explored based on three aspects: i.e a)Variation of Packet loss in RIPng and OSPFv3 network is analyzed b) Variation of convergence time in RIPng and OSPFv3 is analyzed c) Variation of latency in RIPng  and OSPFv3 is analyzed d) Variation of throughput in RIPng  and OSPFv3 is analyzed. 
Finally the OSPF protocol is better than RIP protocol because in four analysis aspects shows that OSPF protocol having much tendency when compared to RIP protocol by connecting the different nodes.
                                               


 
8.2 FUTURE SCOPE: The IPv6 will change many things in different areas, because it is faster, more efficient and more scalable than IPv4 with the large address space, the auto configuration possibilities, the extensibility provided by the extension header architecture and the advantages of mobile IPv6 (MIPv6), it will become the foundation for new services of all different types; many of them we cannot possibly imagine yet. But as the past years have shown new types of applications appear and flood the world almost over night. So watch out and get ready.  
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An OSPF router can serve as an internal router, a backbone router,
an ABR, or an ASBR.




