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Abstract— In this paper, the disconnecting time duration after a main connection link fails in Enhanced Interior Gateway 
Routing Protocol (EIGRP) and Open Shortest Path First Protocol (OSPF) on the mixed topology networks is analyzed.  The 
time duration, from a link failure to a new link established, is defined as time out and is measured while transmitting IPv4, 
IPv6, Tunnel_4over6, and Tunnel_6over4 packets. In addition, two mixed topology networks are using EIGRP or OSPF 
protocol and connected with Border Gateway Protocol(BGP).  For Simulation, GNS3 is used to simulate the transmission on 
both networks and WIRESHARK is used for functions analysis.  Finally, the average time out results from EIGRP are longer 
than ones from OSPF in both IPv4 and IPv6 networks and most time outs are twice longer on IPv6 network than IPv4 
network. 
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I. INTRODUCTION 
 
Both EIGRP and OSPF protocols are popular for 
finding the best route in networks nowadays.  Then, 
in the past, there were many researches on both 
routing protocols. For examples, the performance 
comparison of EIGRP and OSPF protocols with IPv6 
showed that they are not much different but OSPF is 
a bit suitable for expanding the network size [1].  On 
the other hand, EIGRP protocol uses lesser time to 
establish the new link when the link is failed in the 
small network [2].  In addition, EIGRP protocol has 
faster convergence time but OSPF protocol 
usesdivided area which increases transmission 
efficiency and reduces the delay variation for IPv4 
transmission [3].  Also, both protocols performances 
are compared on IPv4 and IPv6 networks for finding 
routes in multi-access, point-to-point, and non-
broadcast multi-access (NBMA) networks.  As the 
results, when the link downs, EIGRP protocol has 
lesser packet loss than OSPF protocol for both IPv4 
and IPv6 networks [4].  ForIPv6 transition, the 
performance of tunneling and dual stack modes are 
not much different and tunneling mode can be applied 
without using additional resources [5].  Finally, in 
[6], the BGP protocol was used to connect to external 
networkswhich were used for studying the rerouting 
after the link fails.  
In this paper, the link failure analysis of EIGEP and 
OSPF Protocolusing IPv4 and IPv6 packets in two 
mixed topology networks is studied. The number of 
time outs, counted from the time that the transmission 
link fails to the time that new link is established, is 
used as the performance parameter to be compared.  
In the next section, the system model,composed of 
network model, routing protocol, and important 
parameters,is explained.  The simulation model and 
method are detailed in section 3. In section 4, 
simulation results and discussion are shown. Finally, 
the conclusion is in the last section.  

II. SYSTEM MODE 
 
2.1. Network model 
Fig. 1 shows two mixed topology networks connected 
by BGP protocol which is the exterior routing 
protocol. Both mixed topology networks will use 
EIGRP or OSPF protocol for interior routing 
protocols.  Therefore, the connection between access 
point routerusing EIGRP or OSPF protocol and the 
edge routers with BGP protocol will use the 
redistributionconfiguration method.This method is 
about exchanging routing tables which will informsall 
routes to all subnet addressesin the whole network. 

 

 
Fig. 1 Two mixed topology networks model  

 
The recovery process for finding the new route when 
the main link fails in EIGRP and OSPF protocol 
networks is studied.  And the time duration starting 
from the link fails to the new link connected is 
defined as “Time Out”.  In another word, Time Out is 
theduration of time that thetransmitter cannot connect 
to the destination on the network. 

 
2.2. Interior Gateway protocols 

 
1. Enhanced Interior Gateway Routing Protocol 

(EIGRP) 
EIGRP protocol has a topology table for 
available routes to all subnet addresses in the 
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whole network.  In addition, the best route is 
called “successor route” and the secondroute is 
called “feasible successor route”.  When the 
successor route is broken, the feasible successor 
route can be used immediately. If there is no 
feasible route, the rerouting process is started by 
sending query message to request route 
information from all neighbor routers in the 
network. If there is no EIGRP reply message 
from neighbor routers, these routers will be 
deleted from its table.   

2. Open Shortest Path First (OSPF) 
For OSPF protocol,there is immediately process 
to respond when the link is broken. Because 
OSPF is the link state mechanism protocol, all 
routes of the whole network informationis 
available at the router. These route informationis 
updated by sending out Link State Advertisement 
(LSA) message and updating the Link State 
database (LSDB) by adding or deleting routes 
with the reply messages. If the new route is 
needed, the short path first updating process will 
be started [7].  

 
2.3. Parameters 

 
1. Hello interval  

Hello interval is the time duration for discovering 
neighbor routers and confirming their existing 
identities. Both EIGRP and OSPF protocols have 
the default Hello intervals as 5 seconds and 10 
seconds, relatively. 

2. Hold time  
Hold time is the time duration for waiting Hello 
message from its neighbor router. If there is no 
Hello message received in this time duration, that 
neighbor router will be deleted from the routing 
table. In EIGRP protocol, the Hold time is 
default at 3 times of the Hello interval or 15 
seconds. For OSPF protocol, the hold time is 
called “Dead interval” and is default at 4 times of 
Hello time or 40 seconds.  

3. IP Packet Header Size 
Internet Protocol version 4 (IPv4) has the header 
size about 20 bytes and Internet Protocol version 
6 (IPv6) header size is increased to40 bytes. For 
sending IPv4 and IPv6 packets over IPv6 and 
IPv4 networks,the tunneling method,which the 
packet will be encapsulated within another 

protocol header, is used [8].For an example, for 
Tunnel_4over6, IPv4 packets are encapsulatedin 
IPv6 packets for transmissionoverthe IPv6 
network and vice versa.For these encapsulated 
packets, the total header size equals to 60 
bytes.In this paper, Tunnel_4over6 stands for 
sending IPv4 packets from source to destination 
through the IPv6 network in the middle of two 
IPv4 networks.  So two mixed topology networks 
are IPv4 networks but the link between the BGP 
routers are working on IPv6 protocol.  
Tunnel_6over4 means both mixed topology 
networks are IPv6 networks but the link between 
BGP routers is IPv4 network. 

4. Time out 
Time out is measured by using “ping” at 
command prompt for sending a request message 
to the destination in the network. If the link is 
broken, it will show timeout message as shown in 
Fig. 2.  The number of these timeout messages 
are counted as the time duration that the link is 
disconnected.  As shown in Fig. 2, thenumber of 
time out equals 7 times. 
 

 
Fig. 2 Number of Timeouts from ping command 

 
III. SIMULATION METHOD 
 
Graphical Network Simulatorversion3 (GNS3) is 
used for network simulationin this study. This 
softwarecan simulate the big and complicated 
network.  Also, it is including theInternetwork 
Operating System(IOS), which is an operating system 
inthe cisco router.In this simulation, IOS version 
C3725 is used. Moreover, GNS3 has a program tool, 
WIRESHARK, for viewing the functions of 
simulation network such as the operatingdetails of the 
transmission protocol. 

 

 
Fig. 3 a view of Network simulation on GNS3 

1234567
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3.1. Simulation Network 
There are twomixed topology networks connected by 
BGP routers in this simulationas show in Fig.3. The 
first network is composed of mesh and ring 
topologies and there are eight routers and one 
personal computer (PC1).  Another network has star 
and ring topologiesand there arenine routersand 
twoPC computers (PC2 and PC3). The EIGRP or 
OSPF protocol will be used as internal routing 
protocol in both networks. 
 
The main route from PC1 to PC3 (Forward 
transmission) or from PC3 to PC1 (Backward 
transmission) is composed of 1 Gbps capacity link 
which are A, B, C, D, E, F, and G links. The forward 
link is shown by red arrow solid line and the 
backward link is shown by grey dash arrow line in 
Fig.3. In simulation network, all other routes are 100 
Mbps capacity links. The alphabet of each link is 
defined for the link connecting from PYO router to 
PRE router in forward direction and from PRE router 
to PYO router in backward direction. 
 
3.2. Simulation Information 
 
1. Simulation profiles 

Table 1 shows all simulation information which 
is about interior routing protocols (EIGRP or 
OSPF) using in both mixed topology networks, 
IP version packet header, values of Hello time 
and Hold time, and transmission direction. 

 
Table 1 Simulating profiles 

 
 
2. IP configuration  

Table 2 shows all configuration commandsusing 
on GNS3 forconfiguringIPv4, IPv6, 
Tunnel_4over6, and Tunnel_6over4 data 
transmission simulationin networks using EIGRP 
and OSPF protocols. 

Table 2 All Configuration Commands 

 
 

3. Hello interval and hold time configuration 
Table 3 shows configuration commands to set 
value of Hello interval and hold time for EIGRP 
and OSPF protocols. 

 
Table 3 Configuration Hello interval and hold 

time 

 
 
IV. SIMULATION RESULTS   

 
By GNS3, one of simulation profiles in Table 1 is set 
for the study network and the transmission is started 
in forward direction or backward direction from PC1 
to PC3 through the main link. Then, the ping 
command is started for watching the connection state 
from transmitter to destination. Then, each 
component of the main link from PC1 to PC3 (A to G 
sub link) is shutdown one sub link at the time and the 
number of time outs from “ping” command is 
recorded for each broken sub link. Each sub link is 
simulated to be broken for 5 times and all five 
numbers of time out are average as the average time 
out for each broken sub link. All broken sub link time 
outs are shown versus the broken sub link alphabet 
letters. 
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4.1. Comparison of EIGRP and OSPF protocols 
Fig.4 and Fig. 5show the average time outsfor EIGRP 
and OSPF protocolson IPv4 and IPv6 networks in 
forwarddirection and backward direction, 
respectively.  From results in Fig. 4 and Fig. 5, all 
average time outs for OSPF protocol are less than 
ones from EIGRP protocol in both IPv4 and IPv6 
network except the sub link D for both directions in 
IPv4 network. Because sub link D is connected to 
border router for the right hand networkwhich is 
managed by redistribution method between BGP and 
OSPF. When this sub link downs, the OSPF protocol 
in the second network will send the new update route 
to BGP router which will withdraw the whole 
information of the right hand network out. For all 
other time out results,in IPv4 network, sub link B in 
forward direction has the most different time out as 
14.6 and 6.2 for EIGRP and OSPF protocols.In IPv6 
network, average time outs of both protocols in 
backward direction are bigger different than in 
forward direction. Finally, the overall average time 
outs for EIGRP are longer than ones for OSPF about 
1.57 times in IPv4 network and 10.85 times in IPv6 
network. 

 

 
Fig. 4 Forward direction time outs for EIGRP and OSPF 

protocols on IPv4 and IPv6 networks. 
 

 

 
Fig.5 Backward direction time outs for EIGRP and OSPF 

protocols on IPv4 and IPv6 networks. 
 
4.2. Comparison of IP Network Types 
Fig. 6 and Fig. 7 show time outs on IPv4, IPv6, 
Tunnel_4over 6, and Tunnel_6over4 networks for 
EIGPR protocol in forward direction and OSPF in 
backward direction, respectively. Most time outs on 
IPv6 and Tunnel_6over4 (both mixed topology 
networks are IPv6 networks) networks are almost 

twice larger than ones on IPv4 and Tunnel_4over6 
(both mixed topology networks are IPv4 networks) 
networks for both EIGRP and OSPF protocols. 
 

 
Fig.6 Forward direction time outs for EIGRP protocols on 

IPv4, IPv6, and Tunnel_4over6 and Tunnel_6over4 networks. 
 

 
Fig.7 Backward direction time outs for OSPF protocols on 

IPv4, IPv6, and Tunnel_4over6 and Tunnel_6over4 networks. 
 

4.3.Comparison of different values of Hello interval 
and Hold time 
Fig.8 shows time outsof both transmission directions 
for EIGRP protocol with different Hello time 
intervals as 5 seconds(default), 8 seconds, and 2 
seconds. The time out results show that less Hello 
time interval reduced time outs for EIGRP protocol in 
both transmission directions. 
 

 
Fig. 8 Both directions time outs for different EIGRP Hello 

interval on Tunnel_4over6 network. 
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Fig. 9 Both directions time outs for different OSPF Hello 

interval on IPv6 network. 
 
Fig. 9 shows time outs of both transmission directions 
for OSPF protocol with different Hello time intervals 
as 10 seconds(default), 8 seconds, and 2 seconds. The 
average time out results show that the different Hello 
time intervals has little effect on time outs for OSPF 
protocol in both transmission directions. 
 
CONCLUSION  
 
The link failure analysis on EIGRP and OSPF 
protocols on IPv4, IPv6, 
Tunnel_4over6,andTunnel_6over4 networks is 
studied.Two mixed topology networks, Mesh-Ring 
Network and Star-Ring Network, connected with 
BGP routersis used in study network model. GNS3 is 
used to simulate network operation. Time out when 
each sub link of the main route is broken in both 
forward and backward directions for EIGRP and 
OSPF protocols is measured on IPv4, IPv6, 
Tunnel_4over6, and Tunnel_6over4 networks. The 
simulation results show that time outs from EIGRP 
are more than ones from OSPF and time outs on IPv6 
and Tunnel_6over4 networks are almost twice longer 

than ones on IPv4 and Tunnel_4over6 networks. In 
conclusion, Time outs are longer in EIGRP protocol 
than in OSPF protocol and longer on IPv6 network 
than on IPv4 network.Finally,the less Hello time 
interval and Hold time reduced time outsin EIGRP 
protocol but there is little effects in OSPF protocol in 
both transmission directions. 
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