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Abstract: An effective intra-domain network routing may make distributed applications more efficient.
With the growing need to distribute applications across multiple networks and the availability of high-
capacity, high-performance intermediate switching nodes and networks, an efficient routing mechanism
has become the core requirement. This paper compares five routing protocols: Routing Information
Protocol (RIP), Open Shortest Path First (OSPF), Enhanced Interior Gateway Protocol (EIGRP),
Interior Gateway Protocol (IGRP) and Intermediate System to Intermediate Systems (IS-IS) protocol.
The comparison is made for various parameters including the network traffic, IP processing delay,
packet loss ratio, CPU utilization, point-to-point throughput and point-to-point queuing delay.  In
addition to these metrics, we also compared the performance of subset of the entire network i.e. LAN
under various constraints managed by routing protocols. Our simulation has been performed using the
well known simulator OPNET (IT Guru Academic Edition). Our results show that OSPF and EIGRP
perform better than other routing protocols for the parameters considered. 
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INTRODUCTION

Efficient and scalable routing is one of the key challenges in the design and performance of a large scale
intra-domain network (Boggs, et al., 1980). Intra-domain routing protocols are basically dynamic routing
protocols that are classified into two categories: distance vector routing protocol and link state routing protocol
(Aho et al., 1983). The link state routing protocol and the distance vector routing protocol differ in that the
former considers entire topology for routing decisions, whereas the latter considers only the information update
by the neighboring router.

In this paper, we present an analysis for various distance vector and link state routing protocols like RIP,
OSPF and EIGRP, IGRP and, IS-IS that can impact the efficiency of any large scale network. RIP and IGRP
both are distance vector protocols. In contrast, the OSPF & IS-IS are link state protocols, whereas, EIGRP is
a hybrid protocol containing the properties of both distance vector and link state routing protocols. We evaluate
the parameters of network traffic, IP processing delay, packet loss ratio, CPU utilization, point-to-point
throughput and point-to-point queuing delay. We also evaluate the routing protocols with respect to their
performance for a subset of the entire administrative domain.

In IP networks, network throughput is the average rate of the packets successfully transmitted over a
communication link. Similarly, IP processing delay is the time consumed by a router for processing an IP
packet.  It is an important design and performance property of a computer network. Another parameter, packet
loss ratio, describes the rate of failure of packet delivery. The CPU utilization parameter describes the load
of the router’s processor for processing IP packets. Similarly, the point-to-point queuing delay is the time
consumed for the processing of IP queues. The network delay incurred in a LAN (subset of the entire domain),
and the inbound/outbound traffic passing through the LAN are also computed. All these parameters
significantly impact the performance of a routing protocol being used for any network. Our research work
contributes towards exploring the behavior of the above mentioned routing protocols using a large set of
important parameters.

The remainder of the paper is organized as follows. Section II presents the related work. Section III
presents brief introduction of intra-domain routing protocols. Section IV provides simulation study and results
collected from a scenario implementing different routing protocols, and we conclude the paper in Section V.

Related work:
The performance of routing protocols has already been explored in earlier research given in (Huitema,

2000; Bellman, 1957; McQuillan et al., 1977; Malking, 1998). The authors emphasize the fact that the routing
protocol selection is a key component in determining the performance of a network. However, these studies
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never consider the context as given in our simulation framework. 
A number of recent papers (Malking, 1998; Moy, 1998; Talal, 2006) have analyzed the performance of

routing protocols in multi-hop networks. In our study, we use a ring topology based framework to analyze the
performance of intra-domain routing protocols.

To the best of our knowledge, a detailed study aimed at the comparison of intra-domain routing protocols
(RIP, OSPF, EIGRP, IGRP and IS-IS) altogether, has never been undertaken prior to this work. We have used
the parameters of network traffic, IP processing delay, packet loss ratio, CPU utilization, point-to-point
throughput and point-to-point queuing delay, for the evaluation of routing protocols. In addition, our
comparison of LAN parameters (the LAN delay, and its inbound/outbound traffic) considered for evaluation
is unique and has not been taken into account in the previously conducted research work.

Dynamic Routing Protocols:
Dynamic routing protocols are actually software applications running on different devices like routers and

L3 switches. These software applications dynamically learn network destinations and how to reach them. For
routing, the destinations to other routers in a network domain are advertised.

Dynamic routing protocols are characterized into distance vector routing protocols and link state routing
protocols. Selection of appropriate dynamic routing protocol in a network environment depends upon deep
understanding of the working of each routing protocol.

Distance Vector Routing Protocols:
A distance vector routing protocol works by advertising the information regarding the destination of the

information together with the way to reach that destination. The implementations for the distance vector routing
protocols incorporate the Bellman-Ford algorithm, in order for a router to update routing information of its
neighbors within fixed intervals. A neighboring router then updates its distance vector value and subsequently,
the updates are propagated to its neighbors.

A simple configuration of the distance vector routing protocols makes them popular to be widely used.
However, their routing mechanism makes them suitable only for small networks where the performance is not
the main priority.

Routing Information Protocol (RIP).:
Routing Information Protocol (RIP) is a very effective and an extensively used protocol that is based on

the distance vector routing architecture. In comparison with other protocols, it is popular mainly due to the
ease of use, administration and configuration. The RIP version 1 (RIP v1) of this protocol is now considered
to be obsolete. In contrast, the RIP version 2(RIP v2) enables a better authentication mechanism using MD5
security and encryptions. In addition, it has a large support for classless inter-domain routing (CIDR) together
with the multicast mechanism. 

A metric hop count is used by RIP while routing. Starting with the source router, the maximum hop count
of 15 nodes is allowed, otherwise the destination is considered to be unreachable.

Interior Gateway Routing Protocol (IGRP):
Interior Gateway Routing Protocol is a Cisco proprietary protocol that lies in the category of distance

vector routing protocols. It addresses the limitation of RIP, i.e. hop count, by increasing it to 255 hops in an
inter-network.

It is better than RIP since it provides unequal-cost load sharing and an efficient update packet format.
However, it is limited to Cisco compliant products, in contrast to RIP which can be configured on any platform
on which IP routing process is enabled.

Link State Routing Protocols:
The link state routing protocols incorporate a mechanism better than distance vector routing protocols to

deal with convergence. These protocols maintain a list containing information of the underlying network nodes.
A message is then broadcast to the entire network to correspond to the changes in the state of the network.
Each router may then update the routing information in accordance with the state change. 

The main advantages of using the link state routing protocols are better reliability and low bandwidth
requirements Despite of its advantages over distance vector routing protocols, these protocols have some
limitations; their architecture is more difficult and complex to understand, more memory requirements, and
places a greater load on the CPU.
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1.OSPF:
Open Shortest Path First (OSPF) is a link state routing protocol, first defined in RFC 2328. It allows

routers to learn updates dynamically and send this updated information to every other node (router) in the
network. It supports classless inter-domain routing and is considered very efficient as it uses Shortest Path First
(SPF) algorithm. 

For implementation of the Shortest Path First algorithm, OSPF uses the cost metric. The cost is assigned
to all router interfaces and is dependent on the costs of outbound links (b/w router and destination network)
and the interface receiving packets from other routers. 

2.EIGRP:
EIGRP is the Enhanced Interior Gateway Routing Protocol developed by Cisco Systems. It is a distance-

vector routing protocol that aims at reducing the routing protocol overhead in steady state. In addition, it
provides faster convergence mechanism in the case of topology changes. To accomplish this, EIGRP uses the
Diffusing Update Algorithm (DUAL) (http://www.webopedia.com) developed by J.J. Garcia-Luna-Aceves.

The EIGRP protocol, being a proprietary product of Cisco Systems is although not defined through a
single standard document (CCIE ), however, it is a widely used protocol. 

3.IS-IS:
The Intermediate System to Intermediate System (IS-IS) routing protocol is a Link State Protocol similar

to Open Shortest Path First (OSPF). The original specification of the protocol (ISO 10589) describes its routing
mechanism, and was followed by an enhanced version, commonly known as Integrated IS-IS, specified in RFC
1195 (www.apps.ietf.org/rfc/rfc1195.html).

IS-IS uses OSI network addresses called Network Entity Title (NET). All IS-IS routers must be configured
with at least one NET. Two-level hierarchy can be configured, i.e. Level 1 and Level 2. Level-1 routers
maintain routes within a single area, whereas, Level 2 routers maintain routes among multiple areas. IS-IS also
supports load balancing across equal cost paths.

Simulation Study and Analysis:
This section presents our simulation results to compare performance of the intra-domain routing protocols.

A. Experimental Tool: OPNET:
For our experiments, we have used the OPNET IT Guru (Academic Edition) simulator

(http://www.opnet.com/university_program/itguru_academic_edition/; www.opnet.com/) that provides support
for a large number of network protocols. It provides a high level user interface that is built on C/C++ code
for supporting various routing protocols through a large number of library functions.

B. Simulation Framework for Routing Protocols:
The simulation model that we have used is shown in Figure 1. It contains the following items:

Fig. 1: Simulation Framework
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C Four Ethernet gateways (ethernet4_slip8_gtwy) connected using ring topology with PPP_DS3 links
C Twelve 100BaseT LANs 
C Twelve 100BaseT Ethernet links connecting each LAN with corresponding gateway.

C.Results:
In this section, we evaluate results obtained through running OPNET’s Discrete Event Simulation (DES)

for 60 minutes using the default configuration of the OPNET simulator. The protocols RIP, OSPF, IGRP,
EIGRP and IS-IS have been evaluated. To accomplish that, the parameters traffic sent and received (bits/sec),
traffic dropped (packets/sec), percentage of CPU usage, IP processing delay (seconds), point-to-point throughput
(bits/sec) and point-to-point queuing delay (seconds) have been computed. These parameters facilitate to build
an efficient IP network.In addition to the intra-domain parameters, we also computed LAN parameters. Since
the LANs in our scenario are symmetric, the results for LAN parameters were similar for all the LANS
existing in the scenario. For brevity, we would therefore present the results of one LAN in this paper.

Fig. 2: RIP traffic sent and received

Fig. 3: EIGRP Traffic sent and received
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Fig. 4: OSPF Traffic sent and received

Fig. 5: IGRP Traffic sent and received

For our scenario, Figures 2 to 5 show the traffic sent and received using the RIP, OSPF, IGRP, EIGRP
and IS-IS protocols. The EIGRP protocol makes use of bandwidth greater than other routing protocols, and
the OSPF protocol has the least traffic load in terms of the bandwidth used.For the packet loss parameter, the
results are given in Figure 6. The results show that the packet drop ratio of OSPF is greater that all other
routing protocols considered in our experimentation. The other protocols, in contrast, have a negligible packet
drop ratio.

For CPU load, Figure 7 shows that the routing devices running EIGRP require more processing power (an
average of 0.0030 %) than other routing protocols. Most of the routing protocols require very less processing
power, with the IS-IS protocol using only 0.0004% (on average) of the CPU processing capability.  It also
implies that the EIGRP routing protocols incurs a very large overhead, and has a more complex architecture
than other protocols. After the EIGRP protocol, the second highest utilization of CPU is done by the OSPF
protocol. Both of these are link-state routing protocols with the EIGRP protocol having additional property to
work as distance vector routing protocol.
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Fig. 6: Traffic Dropped Packets/Seconds

Fig. 7: CPU Utilization (%). 

The IP processing delay is given in Figure 8. The results show that the router running OSPF suffers from
less processing delay (almost 0.000022) as compared to other routing protocols.

The results of point-to-point throughput or the average rate of successful packets are shown in Figure 9.
The results show that the RIP produces greater point-to-point throughput (more than 30,000 bits/sec) than other
routing protocols. It is also to be noted that the delay incurring in Figure 8 is a consequence of the throughput.
It implies that the higher throughput is causing more traffic to pass and therefore producing more packet loss
ratio. After RIP, the point-to-point throughput is higher for EIGRP protocol.

For the point-to-point queuing delay, the protocol EIGRP performs better than other routing protocols as
shown in Figure 10. The RIP protocol has the highest point-to-point queuing delay.
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Fig. 8: IP Processing Delay (sec)     Fig. 9: Point-to-Point throughput

Fig. 10: Point-to-Point Queuing Delay    Fig. 11: LAN delay (bits/second)

The results of the delay for a LAN that is a representation of a sub-network of the entire domain
considered by our scenario, are shown in Figure 11. The performance of the protocols EIGRP, OSPF and IS-IS
is very close (almost equal to 0.000030). In contrast, the RIP protocol has a higher delay, whereas the IGRP
results in the highest delay making it unsuitable for the large scale networks. 

The results for the in-bound and out-bound traffic are shown in Figures 12 and 13 respectively. All the
routing protocols behave very similarly for the in-bound and the out-bound traffic. It implies that the load
balancing on the LAN is very similar for the all routing protocols.

Conclusion: 
This article compares the performance of five intra-domain routing protocols RIP, OSPF, EIGRP, IGRP
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and IS-IS, for small networks using OPNET simulator (IT Guru Academic Edition). We conducted simulations
to examine the behavior of these routing protocols using the parameters of network traffic, IP processing delay,
packet loss ratio, CPU utilization, point-to-point throughput and point-to-point queuing delay.  We also made
another effective comparison of the LAN parameters i.e. the delay, and the inbound/outbound traffic.

Fig. 12: LAN In-bound Traffic (bits/second)     Fig. 13: LAN Out-bound Traffic (bits/second)

Our results show that the EIGRP protocol requires more CPU processing while executing the routing
algorithm for selecting the best access path. The OSPF protocol imparts the least IP processing delay on
routing devices, but OSPF has more packet loss rate as compared to other routing protocols. RIP is the best
protocol in terms of utilizing point-to-point throughput. The IS-IS and the IGRP protocols do not seem to
perform better than other routing protocols. The protocols EIGRP, OSPF and IS-IS behave very similar in
terms of LAN delay, whereas the IGRP protocol produces the highest LAN delay.  Overall, we can say that
OSPF and EIGRP are the two routing protocols that can be deployed in small to medium sized network, and
that can work more efficiently than other routing protocols.
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