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Abstract : OSPF router keeps track of the state of all the
various network connections (links) between itself and a
network it is trying to send data. This makes it a link-state
routing protocol. Routers maintain a routing table for
successful delivery of the packets from the source node to
the correct destined node. Routing plays an important role
in forwarding the packets from source to destination. This
project is based on overview of OSPF comprising different
types of routes, routers, networks, areas, and protocols used
in OSPF. We used OPNET IT Guru Academic Edition 9.1
network simulator for six different network scenarios to
calculate the shortest path from source to destination
router. The simulation developed with different parameters
and is configured based on OSPF area and link failure
using traffic sent in bits/seconds as performance metric.
The comparative results showed that the balance area
OSPF is performed better in finding the shortest path for
traffic sent after a link fails for a delay of 100 seconds
giving two alternate routes from source to destination
routers. Also we were tested the routing tables of the small
ring topology to gain a better understanding of each
routing protocol’s metric calculations and path routing
systems.
Keywords: OSPF, Internet Protocol, Routing, Routing
protocol and Algorithms, OPNET
1.1 Introduction
A computer network is simply two or more computers
connected together so they can exchange information. An IP
network is a communication network that uses Internet
Protocol (IP) to send and receive messages between one or
more computers. As one of the most commonly used global
networks, an IP network is implemented in Internet networks,
local area networks (LAN) and enterprise networks. The first
internet protocol (IP) networks were used for military or
research applications [1]. The IP networks of today carry
mostly commercial traffic. Multimedia applications used
today are very delay sensitive and hence, routing protocols
must provide stability, and security, and converge quickly.
Today, the Internet is divided into many autonomous systems
or domains. Each domain uses its own internal routing
protocol. The IP routing protocols in each domain must be
carefully designed in order to build a stable and scalable
network. Physical instabilities and IP address planning and
summarization both inside and between autonomous domains
must be taken into account.
Due to the increase in the easy accessibility of computers
and mobile phones alike, routing has become indispensable
in deciding how computes communicate especially modern
IJER@2017

computer communication networks [2].The router has prior
knowledge about the adjacent networks which can assist in
selecting the routes between two nodes. There are different
types of routing protocols in the IP networks and three classes
are common on IP networks as follows [2]:
1) Interior gateway routing over link state routing protocols,
such as IS-IS and OSPF.
2) Interior gateway routing over distance vector protocols, such
as RIP, IGRP and EIGRP.
3) Exterior gateway routing, such as BGP v4 routing protocol.
A comparative study of route transfer between different nodes
using open shortest path first is made by varying the physical
characteristics and logical conditions of computer networks.
Physical characteristics involved number of nodes and type of
cabling [3].Open Shortest Path First (OSPF) protocol is widely
deployed in IP networks to manage intra-domain routing. An
OSPF is a link-state protocol, in which routers establish
relationships developing neighbors, enabling each to build a
consistent, global view of the routing topology [4].OSPF is
also known as hierarchical routing protocol because of its
ability to divide the large areas into small multiple areas. This
includes the concept of area routers and edge routers. Area
routers routes within the area while edge routers provide the
facility for routing between the multiple areas. Each area is
associated with an area number [5]. OSPF uses the SPF
(Shortest Path First) algorithm to calculate the cost. SPF works
in tree structure to calculate the cost from root [6]. Open
Shortest Path First (OSPF) is a very widely used link-state
interior gateway protocols (IGP). This protocol routes Internet
Protocol (IP) packets by gathering link-state information from
neighboring routers and constructing a map of the network.
OSPF routers send many message types including hello
messages, link state requests and updates and database
descriptions. Djisktra’s algorithm is then used to find the
shortest path to the destination [6].
The analysis was done on an Ethernet based local area network
(LAN) having physical design of OSPF topology. The choice
of Ethernet LAN having OSPF was made because Ethernet is
the most common local area network world wide
1.2 Objective
The objective of this Project is to configure and analyze the
performance of the Open Shortest Path First (OSPF) routing
protocol, creating different scenarios and analyzing the way of
running the simulation in OPNET platform and studying the
characteristics of internetworks and understanding how to
configure their network attributes into the OPNET modeler.
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1.3 Motivation of the work
OSPF is a well understand and widely deployed routing
protocol and provides a strong basis of experience and skills
from which to work. OPNET is a good platform to create
different scenarios and analyzing the network using OSPF.
1.4 Methodology
The methodology adopted in this modeling and simulation
experiment is presented in the OPNET architecture
algorithmic diagram that is shown in Fig.1.1 with
modifications as described below.
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2.2 Different Types of protocol
Depending upon the router interface and associated AS, there
are three types of OSPF routes used in OSPF areas: intra-area
routes, inter-area routes and external routes [7, 8]. This is
shown in Figure 2. The first two types of routes are concerned
directly with the locations of router used in OSPF areas. Intraarea routes form with the interfaces of routers within the same
OSPF area whereas inter-area routes form with the interfaces of
routers located at different OSPF areas. These both types of
routes are internal to OSPF area generated by itself.

Figure 2: OSPF Protocol Types.
Figure 1.1: Flow chart of the Methodology.
1.5 OSPF Network Types
OSPF networks can implement in four different types as
 Broadcast
 (None Broadcast Multi Access )NBMA
 Point-to-Point (PP)
 Point-to-Multipoint (PM)
1.6 Protocols
In information technology, a protocol is the special set of
rules that end points in a telecommunication connection use
when they communicate. Protocols specify interactions
between the communicating entities.
Protocols exist at several levels in a telecommunication
connection. For example, there are protocols for the data
interchange at the hardware device level and protocols for
data interchange at the application program level. In the
standard model known as Open Systems Interconnection
(OSI), there are one or more protocols at each layer in the
telecommunication exchange that both ends of the exchange
must recognize and observe. Protocols are often described in
an industry or international standard [6].
2.1 Types of Routing Protocols
 Static: network is fixed (no nodes added/removed)


Dynamic: changes allowed in topology using
routing tables



Distance-vector vs. Link-state algorithms
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OSPF also allow the following Protocol
 SMTP: Simple Mail Transfer Protocol
 HTTP: Hyper Text Transfer Protocol
 TCP: Transport Control Protocol
 UDP: User Datagram Protocol
 STP: Simple Transfer Protocol
 IP: Internet Protocol
 RIP: Routing Information Protocol
 EIGRP: Enhanced Interior Gateway Routing Protocol
 OSPF: Open Shortest Path First protocol
 BGP: Border Gateway Protocol
3. OPNET Simulator
OPNET is a network simulator .It provides multiple solutions
for managing networks and applications e.g. network
operation, planning, research and development (R&D),
network engineering and performance management. OPNET is
a discrete network simulator which contains a comprehensive
development environment supporting the modeling and
performance evaluation of communication networks and
distributed systems [9]. This project is implemented with
OPNET IT Guru Academic Edition release 9.1.A (Build 1999)
[10].
Optimized network engineering tool (OPNET) modeler is an
interactive graphical user interface (GUI) that provides
hierarchical structure of problem solving. Moreover, it includes
lot of documentation on learning and application of software in
networking domain. The IT guru academic edition of the
software is available free of cost on OPNET website. OPNET
modeler works smoothly on system having a 32 bit processor,
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working on windows or UNIX platform with a minimum of
256 MB of random access memory (RAM).
3.1 System Requirements and Software
● 1.5-GHz processor or higher, 512-MB to 2-GB RAM, and
1-GB disk space
● Display: 1024 × 768 or higher resolution, 256 or more
colors
● Adobe Acrobat Reader
● The English-language versions of the following operating
3.2 Systems are supported
 Microsoft Windows NT (Service Pack 3, 5, or 6a)
 Windows 2000 (Service Pack 1, 2, and 4 are
supported but not required)
 Windows XP (Service Pack 1 or 2 is required)
 Windows Vista (Service Pack 1 is required)
4. Description of the Network Components
An internetwork is designed by using some specific
components. The following network components used in the
suggested network models running on OPNET which have
been described according to the instruction OPNET IT
GURU Academics edition 9.1 version [11].
 slip8_getwy_adv
 PPP_DS3_int
 Failure Recovery
4.1 slip8_getwy_adv/Router/Node
The slip8_gtwy_base node model represents an IP-based
gateway supporting up to 8 serial line interfaces at a
selectable data rate. The Routing Information Protocol (RIP)
or the Open Shortest Path First (OSPF) protocol may be used
to automatically and dynamically create the gateway's
routing tables and select routes in an adaptive manner. This
gateway requires a fixed amount of time to route each packet,
as determined by the "IP Forwarding Rate" attribute of the
node. Packets are routed on a first-come-first-serve basis and
may encounter queuing at the lower protocol layers,
depending on the transmission rates of the corresponding
output interfaces which gateway Supported Protocols are
UDP, IP, RIP, OSPF and Gateway are OSPF, IGRP, EIGRP,
RSVP, ISIS.
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4.2 PPP_DS3_int / Link
A communication medium that connects nodes to one another.
General Description: It Connects two nodes running IP which
packet formats is ip3_dgram and data rate is DS3 (44.736
Mbps)

Figure 4 : PPP_DS3_int
A delay representing the effects of the background load is
calculated for each explicitly modeled packet transmitted on
this link. This load applies only to this link and is in addition to
load caused by background traffic specified in the Traffic
Browser. Each entry in this table has a start time and
background utilization. The utilization applies until the start
time of the next entry (or to the end of simulation in the case of
the last entry).This attribute specifies the propagation speed (in
meters/sec) for the medium. If the "delay" attribute of the link
is set to "Distance Based", this speed is used to calculate the
propagation delay based on the distance between two nodes.
4.3 Failure Recovery
This controller node can be used to model failure-recovery
scenarios in a given model. It provides attributes for controlling
the time and status of objects in the model. There are two
options using which you can specify failure-recovery
information:
Specify status of all objects across the model using a single
configuration node. The name of the objects present in an
OPNET subnet other than the one in which this node is
contained should be specified using a hierarchical name.
. Place one of these configuration nodes in each of the OPNET
subnet works to specify information about objects in that
subnet work. You do not need to use hierarchical name as the
objects controlled by this node will be present in the same
subnet work as this node.
Attribute Name of this node are:
 Failure/Recovery Modeling
 Link Failure/Recovery Specification
 Link Failure/Recovery Specification File
 Node Failure Mode
 Node Failure/Recovery Specification

FIGURE 3 : SLIP8_GETWY_ADV
Figure 5 : Failure Recovery
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5.1 Network Design
Designing an efficient network plays an important role in this
world and then it is even essential part to check the
performance of the designed network, which is a difficult
task in a real time application .For this many network
simulators have been designed so far among the most reputed
are OPNET modeler. We have used the OPNT 9.1 software
for our simulations. A model network and how to configure it
for the link cost and traffic demand as shown in Figure 6,
Figure 7 and Figure 8.

Figure 6: Model Network
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6.1 Simulation Result and Analysis
We were analyzed the obtained result based on shortest path
selection and traffic sent (bits/seconds) for six different
scenarios. Simulation set up is given in Table 1.
Table 5.1: Simulation Setup

The shortest path from Router0 to Router9 is calculated for all
six scenarios with different path selection. In case of the first
three scenarios without introducing link failures, there is no
change in path selection. There is no scope in balance area
OSPF without failure scenario for alternate shortest path due to
existence of link pairs between Router0-Router3 and Router7Router9. This is shown in Figures 9, Figures 10 and Figures 11.
But, change in shortest path selection effect is observed in the
last three scenarios where we were introduced two link failure
pairs for Router0-Router3 and Router7-Router9 for delay of
100 seconds. There are two equivalent shortest paths in balance
area failure scenario from Router0 to Router9. This is shown in
Figure 12, Figure 13 and Figure 14.

Figure 7: Link Costs
Figure 9: Rout report for IP Traffic Flows.

Figure 8: Shown traffic demands
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Figure 10: NO_AREAS_OSPF.
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Figure 11:AREA_OSPF.
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6.2 Simulation Result
The traffic sent (bits/seconds) in balance area failure scenario is
highest among all the scenarios started with sharp increase up
to 21364 bits and after 25 seconds slowed downward to 1934
bits at the simulation end time. The balance area failure
scenarios and simulation result have shown in figure 15 and
figure 16.This is due to higher traffic created in searching two
equivalent shortest paths from Router0 to Router9. The area
scenario is observed with fine increased traffic sent up to
21364 bits over to no area scenario. This means the OSPF
protocol increases its performance by administering via areas.
But, once we removed area OSPF, then the traffic sent raised
initially up to 11186 bits and then downward to 1051 bits.
There is significant similarity between the results obtained in
NO_AREA_FAILURE_OSPF
and
NO_AREA_OSPF
scenarios. This is clearly shown in Figure 17 where both
graphs are overlaid. Finally, it is found that the traffic sent
without link failures is higher than link failures scenarios
except for balanced area OSPF. Comparison of Load on Server
(Bits/Second) and average delay (sec) among all the scenarios
are given in table 2.

Figure 12: BALANCED_AREA OSPF.

Figure 15: The balance area failure scenarios.

Figure 13: NO_AREA_FAILURE_OSPF.
Figure 16: Simulation result for the balance area failure
scenarios

Figure 14: AREA_FAILURE_OSPF.
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Figure17:
Simulation
results
obtained
NO_AREA_FAILURE_OSPF and NO_AREA_OSPF

in
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Table 2: Comparison of Load on Server (Bits/Second)
and average delay (sec) among all the scenarios.
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7.2 Future Work
In the future, a work will be done on the explicit features of
mesh topology in a network. Simulation offers significance
advantages as a basis for academic projects in computer
networking.
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