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ABSTRACT

Routing protocols play a vital role in the modern internet era.
A routing protocol determines how the routers communicate
with each other by sending update packets about the routes
which are directly connected to it. A routing protocol also
chooses an optimal path for the packets when a number of
routes exist between the source node and the destination node.
An efficient routing protocol forwards router update packets
from a source node to a destination node through an optimal
path and also does not send many routing update packets but
still maintaining the convergence of the network. In this paper
we have explored two eminent protocols namely, Enhanced
Interior Gateway Routing Protocol (EIGRP) and Open
Shortest Path First (OSPF) protocols. Evaluation of these
routing protocols was performed on a live network. Factors
such the such as Convergence Time, Jitter, End-to-End delay,
Throughput and Packet Loss were measured .The evaluation
results show that EIGRP routing protocol provides a better
performance than OSPF routing protocol for real time
applications. Through experiments we have obtained the clock
cycles of the router’s CPU when it is running on EIGRP and
OSPF. By expressing the power consumed by the router as a
function of frequency and voltage we are able to state that the
router consumes lesser power when running on EIGRP than
when it runs on OSPF. Hence EIGRP is a greener routing
protocol when compared to OSPF.
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1. INTRODUCTION

EIGRP is a Cisco proprietary distance-vector protocol based
on Diffusing Update Algorithm (DUAL).EIGRP is basically a
hybrid protocol, that is it is a cross breed of distance vector
protocols and link state advertisements. However at heart
EIGRP is a distance vector protocol because it learns about
other routing routes by rumors from the neighboring routers.
On the other hand, OSPF is a link-state interior gateway
protocol based on Dijkstra algorithm (Shortest Path First
Algorithm). In the context of routing protocol performance,
each of them has different architecture, adaptability, route
processing delays and convergence capabilities. This paper
presents a simulation based comparative performance analysis
between OSPF and EIGRP for real time applications. In order
to evaluate OSPF and EIGRP’s performance, we have
designed 2 live networks and implemented the above 2
mentioned routing protocols.
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2. EIGRP ROUTING PROTOCOL

EIGRP is a cisco proprietary protocol .EIGRP is a cross breed
of distance vector protocols and link state advertisements.
EIGRP uses the concept of autonomous systems to group
routers which perform the same tasks. EIGRP learns about its
routes from updates from other routers. But unlike other
Distance vector protocols EIGRP maintains a partial topology
of the network .EIGRP uses 3 tables to make routing
decisions. The Routing table, the Neighbor table and the
Topology table.EIGRP uses bandwidth and delay as the
metrics to determine which route is the best.EIGRP can also
use bandwidth MTU, Reliability, load as metrics. One of the
major disadvantages of distance vector protocols is that they
broadcast routing updates, since the updates are broadcasted
they are received even by the hosts which are connected to the
routers, hosts being end devices have no use for router update
packets and thereby they discard them and hence bandwidth
and system time is wasted processing the broadcast router
updates that are received. EIGRP eliminates this by
multicasting updates to 224.0.0.10.EIGRP also sends only
triggered updates when a network is fully functional.
However it uses 1lbyte hello packets to verify if the
neighboring router is alive or not. These hello packets are sent
out every 5 seconds on LAN and multipoint connections with
T1/E1 speeds (60 seconds in all other cases) and if the
sending router doesn’t receive a reply in 15 seconds (180
seconds in all other cases) the router removes it from the
routing table.

2.1 EIGRP Operation
EIGRP operation consists of 2 parts:-
1-Building neighbor relationships
2-Choosing routes

2.1.1 Building neighbor relations

For 2 routers running on EIGRP to become neighbors they
must form an adjacency. They can form an adjacency if and
only if the autonomous system numbers and the K values on
both the routers must be the same. Then the routers undergo
the following steps.

1-The first router generates a hello with its configuration
information.

2-1f the configuration information (AS numbers and K values)
matches then the second router responds with an update
message with its local topology table information (not its
routing table as done by the distance vector protocols)

3-The first router responds with an ACK message
acknowledging the receipt of the second’s Update
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4- The first router then sends its topology table to second
router via an update message.

5- The second router responds with an ACK message
As for transferring of routing updates are concerned there are
3 types of messages involved. They are

1-UPDATE- Contains a routing update

2-QUERY- Asks a neighboring router to validate routing
information

3-REPLY- Responds to a query message.

2.1.2 Choosing Routes
EIGRP has the following metrics bandwidth, delay; load and

MTU.However only fixed metrics such as bandwidth and
delay are activated.

EIGRP maintains something known as a successor route and a
feasible successor route in the local topology table. Successor
route is the route via which the packets are forwarded and has
the best metric. Feasible successor route is the route with
which the router will forward packets once the successor route
goes down or has the second best metric. This is the
advantage of EIGRP, once a route goes down it doesn’t have
to send hello packets to find out another alternative route. It
just brings on the feasible successor route.

3. OSPF ROUTING PROTOCOL

OSPF is an open standard. OSPF stands for “OPEN
SHORTEST PATH FIRST”.OSPF is a LSA type routing
protocol. OSPF is also a classless routing protocol and
supports VLSM.OSPF uses the concept of areas to group
similar routers together.OSPF supports a 2 layer hierarchy, the
backbone and the areas connected to the backbone. The
backbone area is known as the default area, it is usually
referred to as area0.Between areas routing are carried out by
the backbone router and it uses route summarization. OSPF
also supports load balancing up to 16 equal paths. Each router
running on OSPF has a router ID.A router ID is the highest
address on a loopback interface (if the loopback interface is
not configured, then the router id is the highest address
configured on the interface)

OSPF undergoes 3 processes while it is being configured
1-Finding neighbors

2-Creating Adjacency

3-Sharing Routing Information

3.1 Finding Neighbors

A router finds its neighbors by sharing link state
advertisements which exist in different types.OSPF generates
LSA hello messages every 10 seconds. When a neighbor is
discovered and an adjacency is formed with the neighbor
then the router expects to see hello messages every 10 seconds
from the neighbor. If a neighbor’s message is not seen within
40seconds (dead interval time) then the neighbor is considered
as dead. The hello LSA packet contains information like the

area number, hello and dead timer intervals,OSPF password if
it is configured.

3.2 Creating Adjacency
In OSPF adjacency is created if the information from the hello
packets of one router match with the information present in
the database of the proposed router. Once the information
matches then adjacency is created.

An OSPF router will not form adjacency with any other router
instead a client server design is implemented in OSPF on each
broadcast segment. For each multi-access broadcast segment
such as the Ethernet there is a DR a BDR as well as other
OSPF routers called DROTHER .Only exception when these
3 kinds of routers are not elected is on a WAN point to point
link.

The DR (Designated router )is chosen when the router s in the
area boot up ,the router with the highest router id is chosen as
the Designated router, while the router with the second
highest router id is chosen as the BDR(Backup designated
router). All other routers are considered as DROTHERs. The
backdrop of this process is that this process is carried out only
once, that is when the routers in the area are all switched on,
supposing another router with a higher router 1D than the DR
is added to the area after a couple of days, the DR will not
change.

3.3 Sharing Routing Information

Any exchange of routing information is between DR and
BDR routers and the other OSPF routers in the segment. No 2
DROTHERSs can directly communicate with each other.

OSPF routers use link state advertisements to communicate
with each other. One type of LSA is hello which is used to
form neighbor relationships and as a keep alive function. Link
state advertisements are sent to the DR at 224.0.0.6 and the
DR disseminates this to everyone else at the multicast address
224.0.05

On point to point links since no DR or BDR is used ,all OSPF
packets are addressed to 224.0.0.5

4. PERFORMANCE COMPARISON

BETWEEN OSPF AND EIGRP

When OSPF and EIGRP routers are compared it is the OSPF
routing protocol which demands a lot of resources from the
router, since OSPF has to undergo a lot of background
processes such as electing a DR and a BDR.Also the router ID
has to be computed on each router. This induces a lot of delay
when compared to EIGRP routing protocol. Therefore total
delay will be equal to average delay * no of routers. OSPF
causes massive CPU utilization therefore more heat is
produced; more amount of cooling is required. EIGRP being a
hybrid protocol uses fewer amounts of CPU resources.

Since OSPF uses server-client relationship the DR router
should be a powerful router to process a lot of incoming
traffic otherwise it will crash bringing the entire router area
down. The use of a server client model jams the bandwidth
since the routing updates from all the routers have to go to the
path connected to the DR after which the DR will forward
them to the other routers. In case of EIGRP there will be no
election of DR or BDR and hence there is less time delay and
less consumption of router resources. Since EIGRP doesn’t
use the server client model therefore there will be no jamming
of bandwidth.
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Supposing in a network, a path goes down then OSPF will
have to use LSA hello packets again causing the finding
neighbor process to start all over again therefore OSPF will
fail to act fast in high speed networks and also a lot of energy
is consumed due to high overhead of router. In case of
EIGRP the router carries an alternative route known as the
feasible successor router which will be used once the
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successor router goes down. Therefore EIGRP doesn’t have to
send hello packets once again or find its neighbors again.

OSPF uses a backbone router to route between different
areas, which increases equipment cost, EIGRP uses BGP
protocol to route between different autonomous systems. This
saves the cost of the extra router required in OSPF.
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Fig 1: Network Topology of the live network used for performance comparison

5. EXPERIMENTAL ANALYSIS
We have used 2 different networks having same topologies.
One is configured with EIGRP, the second one with OSPF
The common network topology is shown in Fig 1.

From the experiment we have observed that routers running
on EIGRP have lesser number of processes running on its
RAM than compared to OSPF, in this case EIGRP is running
37 processes; OSPF is running 43 processes as seen from Fig
3and Fig 5

EIGRP’s configuration file in the NVRAM is 191 Kilobytes
long while OSPF’s configuration file is 291 Kilobytes long as
seen from Fig 2 and Fig 4

Also while pinging the amount of time taken for the OSPF is
more (1.2 microseconds) than that of EIGRP (1 microsecond)

The Administrative distance of EIGRP is 90 while that of
OSPF is 110. This causes the router to choose the EIGRP
routing protocol when both the routing protocols are enabled

Hence EIGRP is a better routing protocol. Results are
summarized in Table 1
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5.2 Screenshots of OSPF

o1 HyperTerminat A

e tie e Col T ey
0@ 53 0B &

outerlishow version

me IIJS Sollnare 2800 Sof tware (C2800NM-TPBASE-H), Version 15.8(11Mé, RELEASE

]ed\nua] Swnurt hitp://wuw. cisco. cu-.'lechsuwnrt
Capyright (c) 1986-2010 by Cisco Systews, Inc.
Compiled Thu 28-0ct-10 17:89 by prod_rel_tean

ROM: System Bootstrap, Version 12.4113r)T11, RELERSE SOFTWARE (fcl)
System returned to ROK by power-on

System inage file is "flash:c28008nm-ipbase-mz.150-1. M8 bin”
Last reload type: Normal Reload

Cisco 2811 (revision 53 .58) with S16048K/18240K bytes of memory
Processor board T0 FHKL&L6F227

2 FasiEthernel interfaces

2 Low-speed serial (sync/asyne) interfaces

DRAK configuration is 64 bits wide with parity enabled.

251 kbytes of non-volatile configuration memory

125640K bytes of ATA CompactFlash (Read/Write)

License Info:

License UDT:

Devicedt  PID SH
-0 CTSC02B11 FHEL446F227

Configuration register is Du2142

Routert

Coveed U0 Ao RODBHE )

Tstar, EAC € " [ el cornectens.

Fig 3 Memory consumption of router running on
OSPF(highlighted in red)

D& 3 o &
RouterBshow interfaces
FastEthernetd/B iz up, line protocol is
Hardware is HY96340 Elhec[netl ﬂddze‘ss lS ecch.821e. 7780 (bia eccs.821e, 7180}

s is
HTU 1508 bytes, BW 100800 Kbit/sec.

reliability 255.‘255 txload 11‘255 rkluad 1/255
Encdusulatlon ARPR, loopback not
Keepalive set (18 sec)
Full-duplex, lﬂﬂuhls 100BaseTH/FK
ARP type: ARPR, ARP Timeout 0:00:
Last input 8B:00:02. output 88:80:08, output hﬂrlﬁ never
Last clearing of “Show inferface” counters never
Input queue: 8/75/0/8 (slzelldkldrwsﬁ]ushas] fnld] output drops: B
Queueing strateay: fi
Qutput queue: B/40 (slzefnaxl
9 minute input rate B bits/sec, 0 packeis/sec
5 minute output rate 8 hnslse: @ packets/sec

packets input, 3823
Received 248 hl‘nadtas!s a I‘lmls @ giants, B thrntllss

8 input errors, C. rame, O overrun, B i

8 watch

B input Dackals lllh dr]hbla condition detected
585 packets output 951 bytes. @ underruns

0 output errors, B’ cnll)smr\s 1 interface resets
8 unknown protocol drops
@ babbles, @ late (nllls)nn @ deferred
8 lost carrier, 0 no c
8 output buffer falh.res U output buffers swapped out
astEthernetds1 is up, line protocal is up
Har’dlar’e is HU96340 Elhernei address is eccB.821e.7f81 (bia eccB.821e 781}

HTU 1508 bytes, BY 188800 kbit/sec. LY 1
reliability 255/255, txload 11‘255 ruluad 1/255
Encapsulation ORFR, loapback not
Keepalive se ec)
Full duplen IBBNbIs lWBaseTH.‘FM
AP type: AP, ARP
Last ‘input ua:w-ﬁy outo 08:00:01. outout hang never
Last clearing of “show interface” counters never
Input queuo: B/75/8/0 (size/nan/drops/lushes); T
Queueing strategy:
Output queve: 04D (size/man]
9 minute input rate @ bils/sec, 0 packeis/sec
El=iitalon i el s cosc MR [pe Kataiaac
26 packets input, 15280 byt

=

Covarotpzn  Adasi | eDEW un

«; stant Hrce

Fig 4: OSPF Protocol overhead of router 1

Nk Coetis e o

Table 1: OSPF and EIGRP time taken for setup

Scenarios OSPF EIGRP

On Startup 1min 22 seconds | 47 seconds

When one of the
networks  goes

180 seconds 16*5

down

When a change | Convergence time | Cannot be
occurs in the | of 3 seconds measured , almost
network instantaneous

6. CONCLUSION

From the results obtained in our experiments we can
thoroughly conclude that EIGRP uses less system resources
when compared to OSPF. However EIGRP is a Cisco
proprietary protocol ,but since Cisco routers make 85% of the
internet backbone , it is necessary for us to implement a
greener solution on Cisco routers itself.\By using lesser
system resources , EIGRP when run as a routing protocol
produces lesser heat and therefore the cooling cost is also
saved .EIGRP also uses its own external routing protocol and
therefore unlike OSPF doesn’t need a separate router for
routing between areas and therefore resources are also saved.
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