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Abstract
Computer simulation is the tool of choice for developing and 
testing new technologies and techniques. It is also commonly 
used to help teach and train students and other professionals. 
The approach is based on a network simulation program using 
GNS3 (IOS Based) simulator whose purpose is to develop, test & 
comparison of current networking protocols that is used for make 
a network design. The implemented routing protocol used is Open 
Shortest Path First (OSPF) [1], which is the most commonly used 
interior gateway protocol (IGP), but the network simulator could 
be updated and its functionality expanded by the addition of other 
network layer protocols and any other protocols of the other layers 
of the Open Systems Interconnection (OSI) [2] Reference Model 
upon their implementation.
Another routing protocol which is used for network design is 
Enhanced Interior Gateway Routing Protocol (EIGRP) [4]. It 
has some characteristics similar to those of a link-state routing 
protocol.. It is an efficient, although proprietary, solution to 
networking large environments as it scales well. Its ability to 
scale is, like OSPF, dependent on the design of the network.
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I. Introduction
Computer simulation is an excellent tool for studying the behavior 
of complex systems in our every day life. Inside the computer 
world, one of the areas where simulations are being heavily used 
is in the area of computer networking.
A network simulator is a valuable tool for researchers to develop, 
test, and diagnose network protocols. Simulators are economical 
and practical because any user can carry out experiments without 
having to buy and set up all the hardware needed. Even if the 
network being set up is simple and small in size, (e.g. two 
personal computers, a router, and a server) a big investment 
would be needed to be made by the user and could continue to 
grow if other equipment were needed or if the current equipment 
needs to be repaired or replaced. Another advantage of network 
simulation is that it provides the user the flexibility of changing 
different variables in the network with ease. An example of this 
is if the user wants to simulate a link, they can set up that link 
up with any amount of bandwidth or propagation delay, which 
will simulate the use of different types of wire and connections.  
Both commercial and academic network simulation software are 
available for researchers and students to use. Some examples of 
these simulators are OPNET (3D Visualizer, IPv6 Discrete Event 
Simulation, Specialized Model), LANforge, and SIMULINK, 
which are commercial network simulators. Akaroa2 and Network 
Simulator 2 (NS- 2) are of academic nature and are available free of 
charge for any user to use or modify.  All these programs simulate 
real network situations but only a few of them use graphical 
representation to visually show how the packets are delivered 
from the source through the different parts of the network to their 
final destination. Examples of visual simulators are OPNET and 
SIMULINK.

The purpose  is to create a network design on simulator that will 
have a graphical interface where the user can set up their own 
network with any hardware components that they want (PC, servers, 
routers, switches, and different cable types) graphically configure 
the equipment and then the user can visually see how the packets 
are sent and routed through the network using the Open Shortest 
Path First (OSPF) v2  routing protocol which is the most used 
Interior Gateway Protocol (IGP) and Enhanced Interior Gateway 
Routing Protocol (EIGRP).  With visual feedback the user will 
be able to see where packets are lost due to bad configuration, 
possible collisions and the delivery of correctly received packets. 
Once the user is satisfied with the configuration they will be able 
to extract the command line configuration instructions from any 
of the simulator’s routers and use it to configure real routers.  The 
simulator will also have the ability to expand its functionality as 
other routing protocols can be added upon future development 
or any other protocol that are part Open System Interconnection 
(OSI) [2] Reference Model.

II. Related work
Network simulators are the tools of choice for researchers that 
create, develop, and administrator current computer networks. 
Before testing any new protocols or new hardware on existing 
networks, researchers and developers prefer to simulate them 
on virtual networks. There are many reasons why they prefer 
simulations on virtual networks to testing on real networks. The 
first reason is that network simulators are economical. Besides 
the cost of creating the simulator, researchers are able to test 
new technologies or new algorithms without having to actually 
build or acquire any new hardware. This also includes all the 
wiring needed like: fiber optics, Ethernet, and copper cables. 
Simulations also have the advantage of having results that are easily 
reproducible compared to real networks since virtual networks 
have the advantage of being free of uncontrollable factors, which 
can affect the results of the simulation. One final advantage of 
simulation is that the network topology and parameters can be 
changed with ease.
Although network simulators have many advantages and 
disadvantages. As mentioned before simulators remove 
uncontrollable factors like external traffic or unforeseen errors, 
which could be inserted into simulated network to try to simulate 
real situations but usually removed for simplicity and easier 
analysis. This simplification translates into not having results 
equally to those of using real network equipment. Another 
disadvantage is memory constraints. Simulating a large network 
with many nodes can take up a lot of the system resources on the 
computer running the simulator.
There are several projects being done to try to fix the problems 
that network simulators have. One of these projects was developed 
by Wang and Kung where they have proposed a way of making a 
Hi- Fidelity TCP/IP network simulator. In their studies they have 
found that network simulators have the limitation of providing 
results “that are not convincing as those produced by real 
hardware.”  This is because much of the complexity that is found 
in protocols is taken away or simplified. Another limitation that 
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they found is that network simulators are not extensible to include 
Application Programming Interface (API) that is a set of protocols 
or routines that developer provides a user in order to develop 
software applications. By adding an API to a network simulator, 
applications can be developed and run on simulated nodes to test 
the networks response time and capabilities. By not having an 
API, the effect of application level performance of a real system 
cannot be studied.   To create their Hi-Fidelity network, Wang 
and Kung proposed to use a Berkley Socket Distribution (BSD) 
UNIX Tunnel Network Interface, which is a network interface 
with no real network attached to it. The network was be done by 
modifying the UNIX Kernel so multiple nodes were simulated by 
reentering the simulation host multiple times creating a network 
of BSD UNIX host and routers. The advantage of this approach 
was that they use of real TCP/IP protocol stack and made use of 
BSD UNIX systems API making the simulator to be extensible 
to current or future programs that can run on any node in the 
simulated network. A disadvantage to this approach is that the 
simulator was more than three times slower than the real network. 
This means as more nodes are added to the network, more time 
was needed to complete a simulation.
Another simulator that is being developed is Nessi created by 
Jérôme Vernez, Jürgen Ehrensberger, and Stephan Robert. This 
simulator (developed using the python computer language) was 
developed towards educational use as it enables students to 
implement and modify simulation models of protocols.  Nessi 
compared to NS-2 simulator has a lower learning curve and the 
development of protocols on it is easier and less error prone but 
at the same time Nessi has the disadvantage of having a much 
slower simulation running time. Another advantage that Nessi 
offers is that it uses a graphical interface to control its simulations, 
observe behavior and produce graphical results.   Li and Depei 
proposed to construct a parallel network simulator, which will be 
based on the sequential simulator NS-2. The purpose of creating 
the parallel network is to resolve the disadvantage simulation time 
and memory requirements. To accomplish parallelism, parallel 
discrete event simulation (PDES) techniques are applied to modify 
the event scheduling mechanism of NS. The reason for making a 
parallel simulator is, as more design complexity and the size of the 
simulation network increases so will the time needed to complete 
the simulation. By using PDES techniques simulation time is cut 
by dividing large simulation model parts in sub models, which 
were executed in parallel.

III. Proposed Approach

A. OSPF - Open Shortest Path First
OSPF stands for Open Shortest Path First, an open standard 
link-state routing protocol. This routing protocol was built by a 
committee, which is why it is an open standard. The word open 
means that anyone can read the rules or standard and write an 
application. The routing protocol as such belongs to no one, but 
to everyone.
OSPF’s purpose as a routing protocol is to convey routing 
information to every router within the organizational network. 
The technology that has been selected is link-state technology, 
which was designed to The main research work on this mini project 
is to comparison of both routing protocols OSPF & EIGRP and 
showing the performance on the networks.
Be very efficient in the way it propagates updates, allowing the 
network to grow. The following case study describes a small 
company that has been bought, along with other companies, by 

a large conglomerate. The need to change the routing protocol to 
inform the newly expanded network is urgent.
The following list identifies the different OSPF routers:
• Internal router—Within an area, the functionality of the router 
is straightforward. It is responsible for maintaining a current 
and accurate database of every subnet within the area. It is also 
responsible for forwarding data to other networks by the shortest 
path. Flooding of routing updates is confined to the area.
• Backbone router—The design rules for OSPF require that 
all the areas be connected through a single area known as the 
backbone area or Area 0. A router within this area is referred to 
as a backbone router. It may also be an internal router or an Area 
Border Router.
• Area Border Router (ABR)—This router is responsible for 
connecting two or more areas. It holds a full topological database 
for each area to which it is connected and ends LSA updates 
between the areas. These LSA updates are summary updates of the 
subnets within an area. It is at the area border that summarization 
should be configured or OSPF because this is where the LSAs 
make use of the reduced routing updates to minimize the routing 
overhead on both the network and the routers.
• Autonomous System Boundary Router (ASBR)—To connect 
to the outside world, or to any other routing protocol, you need 
to leave the OSPF domain. OSPF is an interior routing protocol 
or Interior Gateway Protocol (IGP); gateway is an older term 
for a router. The router configured for this duty is the ASBR 
[1]. Although you can place this router anywhere in the OSPF 
hierarchical design, it should reside in the backbone area. Because 
any traffic leaving the OSPF domain will likely also leave the 
router’s area, it makes sense to place the ASBR in a central location 
that all traffic leaving its area must traverse,
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EIGRP -   Enhanced Interior Gateway Routing Protocol
EIGRP is an enhanced version of IGRP, hence the name. It uses 
the same distance vector technology. The changes were effected 
in the convergence properties and the operating efficiency of the 
protocol. It has some characteristics similar to those of a link-state 
routing protocol. Therefore, it is sometimes referred to as a hybrid 
routing protocol, although Cisco calls it an advanced distance 
vector protocol. It is an efficient, although proprietary, solution 
to networking large environments as it scales well. Its ability to 
scale is, like OSPF, dependent on the design of the network.

How EIGRP Works?
Cisco [3] identified four main components of EIGRP:
• Protocol-dependent modules
• Reliable Transport Protocol
• Neighbor discovery/recovery
• DUAL [4]    

  
EIGRP—Updating the Topology Table with a New      Router

IV. Analysis of the Proposed Approach
OSPF is open standard and EIGRP is CISCO proprietary.1. 
OSPF uses Cost as the metric values to   calculate the shortest 2. 
path where’s as EIGRP   used   5 metric values (Bandwidth, 
Delay, Load, MTU & Reliability) to calculate the shortest 
path.
There is no hop count limitations in the OSPF, there is hop 3. 
count limitations in EIGRP. I EIGRP supports Maximum of 
255 hops count.
In OSPF, there is no Backup route options, where’s as in 4. 
EIGRP it will maintain Backup route. So if main link goes 
down, it will directly take the backup route and starts working, 
where as in OSPF, if main route fails it has to recalculate the 
shortest path.
EIGRP send incremental updates only when there is a change; 5. 
it does not send the whole topology or neighbor tables. OSPF 
will refresh itself sending Link State Database every 30 
minutes.
Dead timers are different (OSPF 4 x Hello; EIGRP 3 x Hello 6. 
but 3x is not multiplied) both use multicasts addresses to send 
updates (OSPF 224.0.0.5/6; EIGRP 224.0.0.10).

EIGRP uses Reliable Transport Protocol (RTP, CISCO 7. 
proprietary).

V. Conclusion
A graphical network simulator allows users to create a network 
with any topology, with different types of wiring cables and with 
several of the most used hardware components found in today’s 
computer networks. The configuration of each of the hardware 
components is done through different GUI’s.
After the network has been connected and configured, the user can 
then simulate the network by going into the simulation window. 
There the user has three options on how to run the simulation. 
The first is with the network already initialized with all the routers 
having their routing tables completed. The second simulation 
mode allows the user to begin with all of the components their 
start-up mode allowing the user to see all the protocol packets 
that each router must send in order to obtain knowledge about 
the surrounding network and help it build its routing table for the 
autonomous system. The final simulation mode will let the user set 
a stopping time for the simulation. This feature is mainly intended 
for debug and testing of future protocols. During the simulation the 
user can click on any router and look at its configuration settings 
and its current routing table. The user also has an option which 
allows the user to see equivalent command line instructions which 
can be used to configure real routers in a faster way as the user 
only has to copy and paste the instructions on the router. Suppose 
when using OSPF as the routing protocol for the AS the user can 
also look at the LSA’s that it has generated and received and that 
router’s view of the current shortest path tree for the network.
The network simulator also has the ability to be upgraded by 
adding other routing protocols or other higher or lower layer 
protocols that belong on the OSI model.
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