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This paper deals with modeling and simulation of OSPFv3 and
BGPv4 protocols. OSPFv3 and BGPv4 are widely used routing
protocols. In their newest version are treated as modern multi-
address family protocols, which means they supports both IPv4 and
IPv6 routing. The resulting model may be used to demonstrate
routing mechanisms in rel networks. They are both implemented in
OMNeT++ Discrete Event Simulator as a part of ANSA and INET
frameworks. A contribution of this work is that no working model of
OSPFv3 has been yet implemented in any other simulators that are
similar to OMNeT++. BGPv4 is implemented in INET4 for IPv4
network layer protocol support only and there are some issues with
the current version. The version of BGPv4 does not support multi
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address-family routing.

Topology for BGPv4 testing

lo0: ipvd 100.0.1.1/30
ipvE fd00:100:0:100::1/64

lo0: ipwd 200.0.2.1/30
ipve fd00:200:0:200::1/'64

lo0: ipvd 200.0.3.1/30
ipvE fd00:200:0:300::1/64

lo0: ipv4 100.0.4.1/30
ipvE fd00:3200:0:400::1/64

\_

IMPLEMENTATION
Both models are implemented in OMNeT++, which is based on C++

programming language. OMNeT++ is discrete component-based
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///EEGPEnnfig}
<TimerParams=>

<connectRetryTime> 120 </connectRetryTime>
<holdTime> 188 </holdTime>

<keepAliveTime> 60 </keepAliveTime=
<startDelay= 15 </startDelay=

<Bgp as="200">
<Address-family id="Ipv4">

<Network address="200.0.2.0" /=

</Address-family=
<Address-family id="IpvE">

</Address-family=
</Bgp=

</Router>

</Devices>
\\\‘TEBGPEnnfig}

<Nelighbor address="{d@e:20:20::1"
<Network address="fdog:280:8:380::" />

</TimerParams>
<Devices>
<Router name="R2" id="200.0.2.1">
<Interfaces=
<Interface id="ethl"=
<Ipv4 address="10.0.28.1" netmask="255.255.255.252" /=
<Ipv6 address="Tdee:20:20::0/127" /=
</Interface=
</Interfaces>

<Neighbor address="10.08.28.2" remote-as="208" /=

remote-as="200" />

<Route destination="200.0.3.0' netmask="255.255.255.252" interface='ethl'/>
<Route6 destination='{dee:200:0:300::/64" interface='ethl®' nexthop="Tdee:20:20::1"/>

BGP configuration file

/

BGP real topology output

simulator. Each component is implemented in C++ and models are

created from these components defined in NED high-leve
The most important contribution of both models is mu
family routing. That means models are now able to wor
and IPv6 network layer protocol at the same time. Another new
feature for BGP is the new configuration file, which allows
configuring devices more comfortable than before and brings more

Cisco

like configuration.

OSPFv3 real topology output
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Link-State databse

O5PFv3 1 address-family ipve (router-id 1.1.1.1)

Eouter Link States (Area 1)

ADV Router Lge Seq# Fragment ID Link count
1.1.1.1 8 Ox80000001 O 2
2.2.2.2 0x80000003 0 1
4.4.4.4 Ox80000005 O 1

Het Link States (hArea 1)

ADYV Router Lge Seqg#¥ Link ID Etr count
2.2.2.2 8 0x80000001 3 2
4.4.4.4 0x80000001 3

Inter Area Prefix Link States (Area 1)

ADV Router Lge Seqg#¥ Prefix

2.2.2.2 64 Ox80000003 2222::/64

2. 8 Ox80000001 3333::/64
4.4.4.4 &4 Ox80000001 3333::/64
4.4.4.4 8 Ox80000003 2222::/64
Link (Type-8) Link States (Area 1)

ADV Router Lge Seq# Link ID Interface
1.1.1.1 &4 Ox80000003 4 Et0/1
4.4.4.4 64 0x80000002 3 Et0/1
1.1.1.1 o4 0x80000004 3 Et0/0
2.2.2.2 64 Ox80000003 3 Et0/0

Intra Area Prefix Link States (Lrea 1)

ADYV Router Lge Seqg# Link ID Ref-1stype
2.2.2.2 64 0x80000001 3072 0x2002
4.4.4.4 &4 Ox80000001 3072 0x2002

1111::/64 [0/0]

via Ethernet(/0, directly connected
1111::1/128 [0/0]

via Ethernet/0, receiwve

:: /64 [110/20]

FE80: :AS8BB:CCFF:FEQ0:200, Ethernet0/0

/64 [110/720])

FEB0: :ABBB:CCFF:FEQ00:400, Ethernet0/1
/684 [070]

Ethernetl/1, directly connected

:1/5128 [0/0]
Ethernetl/1l, receiwve
:/8 [0/0]

NHull0d, receiwve

~

Bits
Hone

m m

Ref-L5ID
3
3

-

language.
ti address-
< with IPv4

4 Network Next Hop Metric LocPrf Weight Path N
*> 100.0.1.0/30 0.0.0.0 G) 32768 1
*= 100.0.4.0/30 10.06.12.2 0@ 200 300 i
*= 200.0.2.0/30 10.0.12.2 G @ 200 i
*> 200.0.3.0/30 10.0.12.2 G e 200 i
\¥R1#I )
/ Network Next Hop Metric LocPrf Weight Path \
*> FDOO:100:0:100:: /64
T (6] 32768 1
*> FDOO:200:0:200:: /64
FDOO:12:12::1 4] e 200 i
*> FDOO:200:0:300:: /64
FDOO:12:12::1 e ® 200 i
*> FDOO:300:0:400:: /64
FDOO:12:12::1 ® 200 300 i
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BGP OMNeT++ simulation

s BGPTestLoopback.R1.bgp._BGPRoutingTable (vector<RoutingTableEnkry *>) size=4
 glements[4] (inet:bgp::RoutingTableEntry *)

[0] BGP - Destination: 100.0.1.0/255.255.255.252 ,

[1] BGP - Destination: 200.0.2.0/255.255.255.252 ,

[2] BGP - Destination: 200.0.3.0/255.255.255.252 ,

[3] BGP - Destination: 100.0.4.0/255.255.255.252 ,

PathType: IGP , NextHops: <unspec> , AS:
PathType: EGP, NextHops: 10.0.12.2 , AS: 200
PathType: EGP, NextHops: 10.0.12.2 , AS: 200
PathType: EGP, NextHops: 10.0.12.2 , AS: 200 300

N\

\_

= BGPTestLoopback.R1.bgp. BGPRoutingTables (vector<RoutingTableEnktryé *=) size=4

« glements[4] (inet:bgp::RoutingTableEntrys *)

[0] BGP - Destination: Fd00:100:0:100:/64 , PathType: IGP , NextHops: <unspec> , AS:
Destination: Fd00:200:0:200::/64 , PathType: EGP , NextHops: Fd00:12:12:21 , AS: 200
Destination: FA00:200:0:300:/64 , PathType: EGP , NextHops: Fd00:12:12::1 , AS: 200
Destination: Fd00:300:0:400::/64 , PathType: EGP , NextHops: Fd00:12:12::1 , AS: 200 300

[1] BGP -
[2] BGP -
[3] BGP -

AN

OSPFv3 OMNeT++ simulation

Router Link States (Area 0.0.0.1)
ADV Router Age Seq# Fragment |D Link count Bits
1.1.1.1 9 (80000002 0 1 Mone
2.2.2.2 9 (80000001 0 1 B
44.4.4 9 (xB0000001 0 1 B
Met Link States (Area 0.0.0.1)
ADV Router Age Seq¥ Link State D Rtr count
2.2.2.2 9 (xB0000001 0.0.0.101 2
4444 9 (xB0000001 0.0.0.101 2
Inter Area Prefic Link States (Area 0.0.0.1)
ADV Router Age Seq# Prefix
2.2.2.2 45 (80000001 2222::/64
44.4.4 45 (80000001 333364
4444 9 (xE0000003 2222 /64
2.2.2.2 9 (xE0000003 3333::/64
Link (Type-8) Link 5tates (Area 0.0.0.1)
ADV Router Age Seq# Link State |D Interface
1.1.1.1 45 (80000001 0.0.0.101 eth(
2.2.2.2 45 (80000001 0.0.0.101 eth(
1.1.1.1 45 (80000001 0.0.0.102 eth
44.4.4 45 (xB0000001 0.0.0.101 ethl
Intra Area Prefix Link States (Area(.0.0.1)
ADV Router Age Seq¥ Link IO Ref-lIstype Ref-L5ID
2.2.2.2 50 (xB0000001 0.0.0.2 (2002 0.0.0.101
44.4.4 50 (80000001 0.0.0.2 (2002 0.0.0.101
Routing table
=R g routeList (IPvBRoute *=)
elements[8] (inet:IPvBRoute *)
—[0] = C1111:2/64d is directly connected, ethD
—[1] = € 4444::/64 15 directly connected, ethl
—[2] = O 2222::/64 [235/2] via felBli:a8bb:ccff:feD0: 200, ethD
—[3] = O 3333:/64 [2535/2] via felBli:albb: ccff:fel0:400, ethl
— [4] = 5feBl:/10 is directly connected, eth
—[5] = 5 feB0:/10 s directly connected, ethl

\_

Link-State databse
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Topology for OSPFv3 testing
QREA 0:R2,R3,R4 su
AREA1:R1,R2, R4 (i

%
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TESTING

For testing of OSPFv3 module, we used real
topology consisting of four Cisco routers R1-R4
divided into two areas. The same topology is
built in OMNeT++ where simulation of topology
takes place. Two tested features which show the
right functionality of simulated OSPFv3 protocol
is correctly built Link-state database and
computed routing table.

We used two methods for testing of BGPv4
module. The first method is to compare the
output from real network topology recorded by
Wireshark software and output from simulation
models created in OMNeT++ framework. The
second method compares routing tables of
converged real network topology with one of the
simulation models.

Area Border
Routers: R2, R4
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