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Abstract: Wired networks have gained enormous concern from researchers and application developers because
of the widely used of their network type. Dynamic routing is the process of finding the best path from source
to destination to deliver data packets in the network. Routing paly a significant rule of the overall performance
of the wired networl. Each routing protocol has an algorithm and metrics that vary in determining the optimal
path to a network. Therefore, the developers developed several routing protocols to address all aspects of
routing process. The aim of this study is to compare the performance of four routing protocols namely; RTPv2,
OSPF, IGRP and EIGRP experimentally. To generalize the results obtamned we tested the performance of the
routing protocols utilizing different application and two different scenarios. The applications used in the
experiments are e-mail, http and database. The simulation was performed using OPNET. The results showed
that in general EIGRP protocol outperform others. Furthermore, specific protocols behave well mn some

SCenarios.
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INTRODUCTION

The purpose of dynamic routing protocols 1s to direct
data traffic down the optimal path toward a destmation
when multiple paths are available at the same time. The
“dynamic™ part refers to changing of routing tables if the
network topology changes. Every dynamic routing
protocol is associated with an algorithm and metrics to
determine the optimal path. Here, we examined four most
popular routing protocols used within enterprises.

Routing Information Protocol version 2 (RIPv2) s a
distance-vector routing protocols which employ the hop
count as a routing metric. RTPv2 suffered from scalability
1ssues due to a relatively low maximum hop count of 15
routing devices (Fitzgerald ef al., 2017; Clark, 2003).
Interior Gateway Routing Protocol (IGRP) 1s an advanced
distance vector protocol. But m terms of scalability and
convergence times, IGRP significantly outperform RIPv2.
IGRP supports four metrics for each route, mcluding
bandwidth, delay, load and reliability. IGRP is considered
a classful routing protocol. Cisco created FEIGRP
(Enhanced Interior Gateway Routing Protocol) to enhance
the addressing issues and other parameters of IGRP.
EIGRP adds support for Variable Length Subnet Mask
(VLSM) and adds the Diffusing Update Algorithm
(DUAL) m order to improve routing and provide a
loopless environment. EIGRP has completely replaced

IGRP, making IGRP an obsolete routing protocol. We
examined IGRP here for experimental purposes only.
EIGRP was Cisco proprietary routing protocol that only
ran on Cisco hardware and software but mn 2013, Cisco
opened EIGRP up as an IETF draft (Pethe and Burnase,
2011; Sharma et al, 2012). Open Shortest Path First
(OSPF) 1s a Link State Routing (LSR) protocol. OSPF 1s a
widely used Interior Gateway Protocol (IGP) in large
enterprise networks. Tt implements the Dijkstra’s
algorithm, also lmown as Shortest Path First (SPF)
algorithm. The shortest path through a network was
calculated based on the cost of the route, taking into
account the bandwidth (Fitzgerald et al, 2017, Clark,
2003).

Literature review: Routing in wired networks gained a
massive concern form researchers. Several comparison
studies are conducted to test and compare the
performance of several protocols (Mohammad et al., 2017,
Wandile et al, 2017, Verma and Bhardwaj, 2016;
Singh and Mahajan, 2013; Vetriselvan et al., 2014,
Meenakshi et al, 2014, Krinpayorm and Pattaramalai,
2012).

Mohammad et al (2017), the researchers studied
routing in enterprise networks that use multiple routing
protocols. They studied three scenarios with diverse
routing protocols configuration on the same network.
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The simulation showed the performance of the
EIGRP-IGRP-ISIS scenario that is better in terms of FTP
download response time, video packet delay variation,
throughput and network convergence time as compared
with the other scenarios in this study. On the other hand,
the performance of the OSPF-IGRP-ISTS
outperforms the two other scenarios in terms of voice

scenario

packet delay variation, voice and video conferencing
packet end to end delay and queuing delay. In
contrast, the OSPF-IGRP-EIGRP scenario is better than
the others in terms of FTP upload response time and
voice jitter. By Wandile et al. (2017), the researchers
studied the performance of four major types of routing
protocols;, RIPvZ, OSPF, EIGRP and IS-IS using
riverbed modeler. Tree and Mesh topologies had been
built and the simulation of each routing protocols in all
three topologies had been performed. At first
implemented the three routing protocols into a small
tree network and evaluated the convergence activity,
convergence duration and traffic sent (bytes/sec) to
compare the difference in their performance and after
that they implemented the three protocols mto large
mesh and large tree topologies and evaluated the
same three parameters. IS-IS 1s the fastest among all
four. OSPF has a longer initialization time compare
to RIPv2, EIGRP and TIS-IS. Both OSPF and RIPv2
have longer wutialization time as compared to
EIGRP and IS-IS. EIGRP has longer initialization
time than IS-IS.

Verma and Bhardwaj (2016), the researchers compared
between the RIPvZ and OSPF protocol from reviewing
studies conducted earlier. OSPF outperforms the RTPv2 in
term various efficient throughput and packet delay in
networks. But the RIPv2 is enhanced by using the
triggered-RIPv2, OSPF adjust the link and coverage better
than RIPv2. RIPv2 offers better performance than OSPF in
a limited number of nodes.

MATERIALS AND METHODS

In general, the operations of a dynamic routing
protocol can be described as follows:

*  The router sends and receives routing messages on
its interfaces

* The router shares routing messages and routing
information with other routers that are using the same
routing protocol

+  Routers exchange routing information to learn about
remote networks

+  When a router detects a topology change the routing
protocol can advertise this change to other routers.

One of the most parameters of comparing routing
protocols 1s the convergence time. The convergence time
is the time it takes routers to share information, calculate
best paths and update their routing tables. The
contribution of our research 1s to assess the performance
of the four routing protocols utilizing different network
applications namely; database application, HTTP and
e-mail. The performance of each routing protocol is
computed for each specific application. Here are the
descriptions of these applications.

The default transport protocol used in the e-mail
application provided with the Software 13 TCP, 1e.,
messages are sent and received using TCP. Modern e-mail
packages use a combination of SMTP (Simple Mail
Transfer Protocol) and POP (Post Office Protocol). Both
SMTP and POP use TCP as the underlying transport.
SMTP transfers an e-mail from the client to the mail
server.

A database application enables the user to store
information. Database operations are divided into two
categories; a database entry and a database query.

A database entry results in a fixed amount of data
being written into the database and a database query
results in the client issuing a query and the server
responding with some data. The default transport
protocol for the database application 1s TCP.

The HTTP application models Web browsing. The
user downloads a page from a remote server. The page
contains text and graphic mformation (also referred to as
“inlineobjects”) study

RESULTS AND DISCUSSION

Experimental setup: We sat up two main scenarios of
networks under which several scenarios are branched.
The first main scenario 1s to compute performance
measures without link failure while the other with link
failure. The aim of scenario with link failure is to compute
convergence time of routing protocols. Each scenario
uses a specific dynamic routing protocol; RTPv2, OSPF,
IGRP or EIGRP. We wmvestigated the behavior of the
routing protocols under three different applications:
database, e-mail and http. Each service of the three
applications 1s hosted by its own server. We used OPNET
simulator to set up the scenarios and to calculate the
performance metrics. Figure 1 an example of a network
topology built using OPNET simulator.
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Fig. 1. An example of a network topology
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Fig. 2: Database query response time (sec) for 4 RPs;
Time-average (1n DB query response time (sec))

Performance of RPs: We defined a performance metrics
for the comparison purpose as follows, for database
application, the metrics are query response time, data rate
of traffic sent and received. For e-mail application, the
metrics are download time, upload time, data rate of traffic
sent and received. For HTTP application, the metrics are
page response time, object response time, data rate of
traffic sent and received.

Database application: Figure 2 shows the query
response time for four routing protocols. The EIGRP
protocols took the mmmimum average time among the

Furthermore, RIPv2Z behavior 1s

four protocols.
accepted. Figure 3 shows the performance of data rate of
database traffic (sent and received) measured in
bytes/second.

All RPs behaviors are close to each other whle
dealing with the data rate of traffic sent and received with

database OSPF  has

performance than others.

application. slightly  better

Application: E-mail, RTPv2 and EIGRP recorded the
minimum time values while IGRP recorded the highest
time values when dealing with e-mail application
{download/upload). Figure 4 shows the e-mail download
and upload response time.

Application HTTP: Figure 5 shows the page and object
response time when dealing with http application. OSPF
performs the best in speed than other RPs while the RTPv2
15 the slowest RP.

Figure 6 shows the data rate of traffic sent and
received while dealing with http RTPv2 records the highest
time values (worst) in HT TP traffic sent and received and
EIGRP records the lowest value.

Summary of results: Table 1 and 2 show the results of
the performance of the four routing protocols under
normal traffic and with link failure. Performance given
numbers starting from 1, the best and last number 4 which
indicate the worst performance.
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Fig. 3: Data rate for query traffic, received and sent: a) Time-average (in dB query. Traffic received (bytes/sec)) and b)
Time-average (in dB query. Traffic sent (bytes/sec))
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Fig. 4: E-mail download and upload times: a) Tune-average (in e-mail. Download response time (sec)) and b) Time-average
(in e-mail. Download response time (sec))
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Fig. 5:HTTP Page and object response time: a) Time-average (in HTTP. Page response time (sec)) and b)
Time-average (in HTTP. Object response time (sec))
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Fig. 6: HT'TP page response tume: a) Time-average (in HTTP.
Traffic received (bytes/sec))

Table 1: Performance of RPs with normal traffic

HTTP
RP/Application e-mail dB Page response Traffic
RIPv2 2 2 3 3
IGRP 4 4 2 1
EIGRP 1 1 2 1
OSPF 3 3 1 2
Table 2: Performance of RPs with link failure
RP/Application e-mail Database HTTP
RIPv2 4 4 4
IGRP 3 3 3
EIGRP 1 2 1
OSPF 2 1 2

Analyzing the results in Table 1 and 2, we see that
the most sigmficant factors that affecting the performance
of routing protocols are usage of resources and the
convergence time.

With normal traffic (without failure) EIGRP
outperform the other routing protocol. EIGRP uses
medium resources, so, it performs well. While OSPF uses
high resources to so, it takes more time. RTPv2 sometimes
perform better than others because it uses low resource.
The convergence time 1s fast in EIGRP and OSPF while it
1s slow i RIPv2. So, with failure traffic, EIGRP and OSPF
perform better than RTPv2.

CONCLUSION

A comparative study of dynamic routing protocols
over wired network is performed. Four dynamic routing
protocols namely; RIPv2, IGRP, EIGRP and OSPF are
mvestigated. Three different applications namely: e-mail,
database and HTTP are utilized Two scenarios are
implemented. Traffic without failure and with failure. The
results show that the most important factors that affecting
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the performance of these routing protocols are resource
usage and convergence speed. EIGRP performs better
with both scenarios. OSPF performs well in scenario 2
(with failure). RIPv2 sometimes performs well in scenario
1 (without failure). EIGRP i1s the best choice for a routing
protocol on private networks because it offers the best
balance between convergence speed, scalability and ease
of management. OSPF 1s also a good choice 1n large
topologies.
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