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1. Zadani projektu

Ovéite kompatibilitu implementaci protokolu OSPF (Open Shortest Path First) na Cisco
IOS a Linuxu (Quagga) na riznych typech oblasti.

2. Navrhy provedeni

Proto abychom ovéfili plnou kompatibilitu protokolu OSPF jsme se rozhodli pro
vyzkouSeni jednotlivych routerti v nize uvedenych situacich. Kazda z uvedenych
konfiguraci pfitom bude zapojena dvakrat. Po zapojeni a odzkouseni funkcionality bude
konfigurace opakovana po piehozeni role Cisco a Linuxu routeru. Tato skutecnost se
netyké zapojeni pomoci virtual linku coz bude vysvétleno pti konkrétni konfiguraci.

2.1.Dvé oblasti OSPF a jeden router jako ABR
V tomto ptipadé¢ se pokusime o komunikaci dvou routerti kde vzdy jeden
z routerti (Cisto nebo linux) bude umistén jako ABR (Area Border Routek) a
druhy bude umistén uvnitt jedné z oblasti. Na obrazku 1 je uvedeno obecné
zapojeni této konfigurace bez rozliSeni na linux nebo Cisto router.




2.2.Dvé oblasti OSPF z toho jedna jako LSA typu 7 (NSSA) spojena z jedné
strany s cizi technologi (napfiklad RIP)

Tato konfigurace ma za tikol vyzkouset, zda Cisco a Linux routery budou mezi
sebou komunikovat i v ptipadé, Ze jeden z nich bude redistribuovat cizi
technologii(v nasem piipadé RIP) do OSPF sité.
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2.3. Tri oblasti OSPF z toho oblast mezi dvéma routery bude spojena pomoci
virtual linku

V ptipadé¢ této konfigurace se pokusime vytvotit 3 oblasti OSPF. Pfitom se
pokusime o to abychom propojili dvé nesousedici oblasti pomoci virtual linku.
Z nize uvedeného schématu vyplyva, ze konfigurace je symetricka a proto je
zbytecné provadet druhé zapojeni po prohozeni role Cisco a Linux routeru.
Tedy v tomto pripadé se bude jednat jenom o jedno zapojeni.




3. Teoretické poznatky

3.1 Typy OSPF paketu

V komunikaci mezi OSPF smérovaci rozliSujeme tyto druhy paketi:

1. Hello pakety - router kazdym svym rozhranim s nakonfigurovanym OSPF
periodicky vysild Hello pakety (naLANobvykle10s).V téchto paketech se routery
jednoznac¢né identifikuji pomoci Routek ID (zvoleno rozhrani s nejvyssi IP).
Pokud na né¢jakém svém rozhrani po dobu DeadInterval(stand.40s) nedostane
Hello od souseda, za¢ne pokladat rozhrani za nefunkéni.

2. Database Description pakety - obsahuji zpocatku ndvrh nahodného sekven¢niho
¢isla, které je urceno pro dalSi komunikaci. Smérovac s vy$sim RouterID bude
zvolen jako Master a jeho navrzené ¢islo bude v dalsi komunikaci pouzivano pro
lepsi zajisténi spolehlivosti. Dale si Master a Slave soucasn¢ odeslou dalsi
DDpakety, ve kterych si vyméni informaci o svych topologickych databazich.
Porovnaji tyto databdze a pokud nenaleznou nékterou polozku ve své databazi
nebo je informace zastarald, pozadaji o ni sousedni smerovac paketem LSR
(LinkStateRequest- popis dale).

3. Link State pakety - pakety slouzi k vyzadani polozky databaze (LSR-Link State
Request), zaslani (LSU - Link State Update) a potvrzeni ptijeti pfedesl¢ho paketu
(LSA - Link State Acknowledgement). Pokud paket LSU neni do uplynuti
timeoutu potvrzen, dojde k jeho opétovnému odeslani.



3.2 Popis navazovani komunikace

Proces synchronizace, nez se dva propojené sméSovace stanou prilehlymi, probiha
v nasledujicich fazich:

1.

2.

Down - pocatek, zahajeni komunikace. Smérovac za¢ina na vSech svych
rozhranich s bézicim OSPF rozesilat Hello pakety.

Init - byl jiz ptijat Hellopaket od souseda, dosud v ném vSak neni uvedeno
RouterID naseho routeru (kazdy smérovac totiz ve svych Hello paketech uvadi
RouterID, jejichz Hello jiz pfijal).

Two-way - obousmérnd komunikace byla jiz navdzéana. V piijatém Hello paketu
uz je nase RouterID. Po dosaZeni tohoto stavu probéhne na broadcast sitich volba
DR/BDR routert.

Exstart - prilehlé smérovace si dohaduji pocatecni sekvencni Cisla a domlouvaji
se, ktery z nich bude master/slave. Master routek zahajuje dalsi komunikaci.
Exchange - routery si vyméni mezi sebou Database description pakety, obsahujici
hlavicky LSA, popisujicich jejich topologickou databazi.

Loading - nyni miZe prob&hnout vlastni vyména informaci z topologickych data-
bazi. Jeden ze sméSovact pozada paketem Link State Request(LSR). Druhy mu
pozadované informace zaSle v paketu Link State Update(LSU). Potvrzeni piijeti
tohoto paketu vrati prvni smérovac paketem Link State Acknowledgement.

Full - v této fazi je proces navazovani jiz dokoncen a smérovace jsou nyni ve stavu
vzajemné¢ prilehlé. Jejich topologické databaze jsou nyni stejné. Nyni mize
prob&hnout fadny vypocet Dijkstrova algoritmu.



4. Prakticka cast

4.1 Konfigurace 1 - Dvé oblasti OSPF a jeden router jako ABR
4.1.a Router linux jako ABR

Soubor zebra.conf (router linux)

| -*_ zebra -*-
!

! zebra sample configuration file
!

! $1d: zebra.conf.sample,v 1.14 1999/02/19 17:26:38 developer Exp $
!

hostname Linux
password zebra

enable password zebra

!

! Interface's description.
!

interface lo

! description test of desc.
!

interface ethl

ip address 10.1.1.2/24

!

interface eth2

ip address 10.1.2.1/24

!

! Static default route sample.
!

lip route 0.0.0.0/0 203.181.89.241
!

line vty
log file /var/zebra/zebra.log
log stdout

Soubor ospfd.conf(router linux)
!
! Zebra configuration saved from vty

I 2006/06/27 12:35:15
!

hostname ospf

password zebra

enable password zebra

log file /var/zebra/ospfd.log

log stdout
!



!

|

interface dummyQ

!

interface ethO

!

interface ethl

|

interface eth2

!

interface lo

!

router ospf

network 10.1.1.0/24 area 0.0.0.0
network 10.1.2.0/24 area 0.0.0.1
!

line vty
!

Vvpis z databaze ospf na Cisco routeru

Cisco>show ip ospf database

OSPF Router with ID (10.1.1.1) (Process ID 1)

Router Link States (Area 0)

Link ID ADV Router  Age Seq#

10.1.1.1 10.1.1.1 1668 0x80000003

10.1.2.1 10.1.2.1 1669 0x80000003
Net Link States (Area 0)

Link ID ADV Router  Age Seq#

10.1.1.2 10.1.2.1 1670 0x80000001
Summary Net Link States (Area 0)

Link ID ADV Router Age Seq#

10.1.2.0 10.1.2.1 858 0x80000002

Checksum  Link count
0x787A 1
0x59B5 1

Checksum
0x61C1

Checksum
0xB284



Vypis sousedu na Cisco routeru

Cisco>show ip ospf neighbor

Neighbor ID  Pri State Dead Time Address Interface
10.1.2.1 1 FULL/DR 00:00:38 10.1.1.2 Ethernet0

Vypis pripojenvch siti na Cisco routeru

Cisco>show ip route

Codes: C - connected, S - static, I - IGRP, R - RIP, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2, E - EGP
1-IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2, ia - IS-IS inter area
* - candidate default, U - per-user static route, o - ODR
P - periodic downloaded static route

Gateway of last resort is not set

10.0.0.0/24 is subnetted, 2 subnets
OIA 10.1.2.0[110/20] via 10.1.1.2, 00:27:43, Ethernet0
C 10.1.1.0 is directly connected, Ethernet(

4.1.b Router Cisco jako ABR

Soubor zebra.conf (router linux)

| -*_ zebra -*-
!

! zebra sample configuration file
!

! $Id: zebra.conf.sample,v 1.14 1999/02/19 17:26:38 developer Exp $
!

hostname Linux

password zebra

enable password zebra

!

! Interface's description.

!

interface lo

! description test of desc.
!



interface ethl
ip address 10.1.1.1/24
!

! Static default route sample.
!

lip route 0.0.0.0/0 203.181.89.241
!

line vty
log file /var/zebra/zebra.log
log stdout

Soubor ospfd.conf(router linux)
!
! Zebra configuration saved from vty
I 2006/06/27 12:35:15
!
hostname ospf
password zebra
enable password zebra
log file /var/zebra/ospfd.log
log stdout
!
!
!

interface dummyO
!

interface eth(Q
!

interface ethl
!

interface lo
!

router ospf

network 10.1.1.0/24 area 0
!

line vty
!

Vypis z databaze ospf na Cisco routeru

Cisco>show ip ospf database

OSPF Router with ID (10.1.2.1) (Process ID 1)

Router Link States (Area 0)

Link ID ADV Router Age Seq# Checksum Link count
10.1.1.1 10.1.1.1 614 0x80000003 0x5ABS8 1
10.1.2.1 10.1.2.1 156 0x80000003 0x7777 1



Net Link States (Area 0)

Link ID ADV Router  Age Seq# Checksum
10.1.1.2 10.1.2.1 616 0x80000001 0x7B8&7

Summary Net Link States (Area 0)

Link ID ADV Router  Age Seq# Checksum
10.1.2.0 10.1.2.1 146 0x80000001  0xD245

Router Link States (Area 1)

Link ID ADV Router  Age Seq# Checksum Link count
10.1.2.1 10.1.2.1 156 0x80000002 0xD924 1

Summary Net Link States (Area 1)

Link ID ADV Router  Age Seq# Checksum
10.1.1.0 10.1.2.1 158 0x80000001 0xDD3B

Summary ASB Link States (Area 1)

Link ID ADV Router Age Seq# Checksum
10.1.2.1 10.1.2.1 619 0x80000001 0x3808

Vvpis sousedu na Cisco routeru

Cisco>show ip ospf neighbor

Neighbor ID  Pri State Dead Time Address Interface
10.1.1.1 1 FULL/BDR 00:00:31 10.1.1.1 Ethernet0

Vypis pripojenvch siti na Cisco routeru

Cisco>show ip route

Codes: C - connected, S - static, I - IGRP, R - RIP, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter areca
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2, E - EGP
1-IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2, ia - IS-IS inter area
* - candidate default, U - per-user static route, o - ODR
P - periodic downloaded static route

Gateway of last resort is not set

10.0.0.0/24 is subnetted, 2 subnets
C 10.1.2.0 is directly connected, Ethernetl
C 10.1.1.0 is directly connected, EthernetO



4.2 Konfigurace 2 - Dvé oblasti OSPF z toho jedna jako LSA typu 7 (NSSA)
spojena z jedné strany s cizi technologi (napriklad RIP)
4.2.a Router linux redistribuuje RIP do OSPF

Soubor zebra.conf (router linux)

|

! Zebra configuration saved from vty
I 2006/06/27 14:27:09
!
hostname Linux
password zebra
enable password zebra
log file /var/zebra/zebra.log
log stdout
!
interface dummy0
!
interface ethO
!
interface ethl
ip address 10.1.2.2/24
!
interface eth2
ip address 10.1.3.1/24
!

interface lo
!
ip forwarding

ipv6 forwarding
!

line vty
!

Soubor ospfd.conf(router linux)

|

! Zebra configuration saved from vty
I 2006/06/27 14:27:18

!

hostname ospf

password zebra

enable password zebra

log file /var/zebra/ospfd.log
log stdout

!

!

!

interface dummy0

!



interface ethO

!

interface ethl

!

interface eth2

!

interface lo

!

router ospf

redistribute connected
redistribute static

redistribute rip

network 10.1.2.0/24 area 0.0.0.1
area 0.0.0.1 nssa translate-candidate
!

line vty

!

Soubor ripd.conf(router linux)

|

! Zebra configuration saved from vty
' 2006/06/27 14:27:35

!

hostname ripd

password zebra

log file /var/zebra/ripd.log

log stdout

!

router rip

redistribute connected
network 10.1.3.0/24
distance 1

!

line vty
!



4.2.b Router Cisco redistribuuje RIP do OSPF

Soubor zebra.conf (router linux)

|

! Zebra configuration saved from vty
I 2006/06/27 14:27:09
!
hostname Linux
password zebra
enable password zebra
log file /var/zebra/zebra.log
log stdout
!
interface dummy0
!
interface ethO
!
interface ethl
ip address 10.1.2.1/24
!
interface eth2
ip address 10.1.1.1/24
!

interface lo
!

ip forwarding

ipv6 forwarding
!

line vty
!

Soubor ospfd.conf(router linux)

!

! Zebra configuration saved from vty
I 2006/06/27 14:27:18

!

hostname ospf

password zebra

enable password zebra

log file /var/zebra/ospfd.log
log stdout

!

!

!

interface dummyO

!

interface eth(Q
!



interface ethl

!

interface eth2

!

interface lo

!

router ospf

network 10.1.2.0/24 area 1
network 10.1.1.0/24 area 0
|

line vty
!

Vvpis z databaze ospf na Cisco routeru

Cisco>show ip ospf database

OSPF Router with ID (10.1.3.1) (Process ID 1)

Router Link States (Area 1)

Link ID ADV Router  Age Seq# Checksum Link count
10.1.1.1 10.1.1.1 939 0x80000008 OxFF5 1
10.1.3.1 10.1.3.1 1600 0x8000000B 0x14C7 1

Net Link States (Area 1)

Link ID ADV Router  Age Seqtt Checksum
10.1.2.2 10.1.3.1 839 0x80000004 0x12E4

Summary Net Link States (Area 1)
Link ID ADV Router  Age Seq# Checksum

0.0.0.0 10.1.1.1 742 0x80000002 0x222E
10.1.1.0 10.1.1.1 852 0x80000003 0xE059



Vypis sousedu na Cisco routeru

Cisco>show ip ospf neighbor

Neighbor ID  Pri State Dead Time Address Interface
10.1.1.1 1 FULL/BDR 00:00:34 10.1.2.1 Ethernetl

Vypis pripojenvch siti na Cisco routeru

Cisco>show ip route

Codes: C - connected, S - static, I - IGRP, R - RIP, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2, E - EGP
1-IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2, ia - IS-IS inter area
* - candidate default, U - per-user static route, o - ODR
P - periodic downloaded static route

Gateway of last resort is 10.1.2.1 to network 0.0.0.0

10.0.0.0/24 is subnetted, 3 subnets
C 10.1.3.0 is directly connected, EthernetO
C 10.1.2.0 is directly connected, Ethernetl
OIA 10.1.1.0[110/20] via 10.1.2.1, 00:04:54, Ethernet1
O*IA 0.0.0.0/0 [110/11] via 10.1.2.1, 00:04:54, Ethernet1

Vypis konfisurace Cisco routeru

Cisco> show running-config

Current configuration : 762 bytes

!

version 12.1

no service single-slot-reload-enable
service timestamps debug uptime
service timestamps log uptime

no service password-encryption

!

hostname Cisco

!
!
!
!
!
!

ip subnet-zero
!
!



!
!
interface Ethernet0
ip address 10.1.3.1 255.255.255.0
!
interface Ethernetl
ip address 10.1.2.2 255.255.255.0
media-type 10BaseT
!
interface Serial0
no ip address
shutdown
no fair-queue
!
interface Seriall
no ip address
shutdown
!
router ospf 1
log-adjacency-changes
area 1 nssa
redistribute connected
redistribute static subnets
redistribute rip subnets
network 10.1.2.0 0.0.0.255 area 1
!
version 2
network 10.0.0.0
network 192.168.1.0
!
ip classless
no ip http server
!
!
line con 0
line aux 0
line vty 0 4
!

end



4.3 Konfigurace 3 - Tri oblasti OSPF z toho oblast mezi dvéma routery bude
spojena pomoci virtual linku

Soubor zebra.conf (router linux)

|

! Zebra configuration saved from vty
I 2006/06/27 14:27:09
!
hostname Linux
password zebra
enable password zebra
log file /var/zebra/zebra.log
log stdout
!
interface dummy0
!
interface ethO
!
interface ethl
ip address 10.1.2.2/24
!
interface eth2
ip address 10.1.3.1/24
!

interface lo
!
ip forwarding

ipv6 forwarding
!

line vty
!

Soubor ospfd.conf(router linux)

|

! Zebra configuration saved from vty
I 2006/06/27 14:27:18

!

hostname ospf

password zebra

enable password zebra

log file /var/zebra/ospfd.log

log stdout
!



!

|

interface dummyQ

!

interface ethO

!

interface ethl

|

interface eth2

!

interface lo

!

router ospf

network 10.1.2.0/24 area 1
network 10.1.3.0/24 area 2
area 1 virtual-link 10.1.2.2
router-id 10.1.2.1

!

line vty

!

Vypis z databaze ospf na Cisco routeru

Cisco>show ip ospf database
OSPF Router with ID (10.1.3.1) (Process ID 1)

Router Link States (Area 0)

Link ID ADV Router  Age Seq# Checksum Link count

10.1.3.1 10.1.3.1 57 0x80000003 0xBC3F 1
Summary Net Link States (Area 0)

Link ID ADV Router Age Seq# Checksum
10.1.2.0 10.1.3.1 813 0x80000001 0xCB4B

Summary ASB Link States (Area 0)

Link ID ADV Router  Age Seq# Checksum
10.1.3.1 10.1.3.1 823 0x80000001 0x2618

Router Link States (Area 1)

Link ID ADV Router Age Seq# Checksum Link count
10.1.2.1 10.1.2.1 819 0x80000006 0x69A0 1
10.1.3.1 10.1.3.1 817 0x80000005 0x6980 1

Net Link States (Area 1)



Link ID ADV Router  Age Seq# Checksum
10.1.2.2 10.1.2.1 825 0x80000001  0x68B7

Summary Net Link States (Area 1)

Link ID ADV Router  Age Seq# Checksum
10.1.1.0 10.1.3.1 54 0x80000001 0xD641
10.1.3.0 10.1.2.1 860 0x80000001 0xA98D

Vypis sousedu na Cisco routeru

Cisco>show ip ospf neighbor

Neighbor ID  Pri State Dead Time Address Interface
10.1.2.1 1 FULL/DR 00:00:33 10.1.2.2 Ethernetl

Vypis pripojenvch siti na Cisco routeru

Cisco>show ip route

Codes: C - connected, S - static, I - IGRP, R - RIP, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter arca
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2, E - EGP
1-IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2, ia - IS-IS inter area
* - candidate default, U - per-user static route, o - ODR
P - periodic downloaded static route

Gateway of last resort is not set
10.0.0.0/24 is subnetted, 3 subnets
OIA 10.1.3.0[110/20] via 10.1.2.2, 00:00:16, Ethernet1

C 10.1.2.0 is directly connected, Ethernetl
C 10.1.1.0 is directly connected, EthernetO

Vvpis virtualnich linku na Cisco routeru

Cisco>show ip ospf virtual-links

Virtual Link OSPF_VLO to router 10.1.2.1 is up
Run as demand circuit
DoNotAge LSA not allowed (Number of DCbitless LSA is 1).
Transit area 1, via interface Ethernet1, Cost of using 10
Transmit Delay is 1 sec, State POINT TO_POINT,
Timer intervals configured, Hello 10, Dead 40, Wait 40, Retransmit 5
Hello due in 00:00:08



Vvpis konfigurace Cisco routeru

Cisco> show running-config
Building configuration...

Current configuration : 693 bytes

!

version 12.1

no service single-slot-reload-enable
service timestamps debug uptime
service timestamps log uptime

no service password-encryption

!

hostname Router

!
!
!
!
!
!

ip subnet-zero
!

!
!
!

interface Ethernet0

ip address 10.1.1.1 255.255.255.0
media-type 10BaseT

!

interface Ethernetl

ip address 10.1.2.1 255.255.255.0
media-type 10BaseT

!

interface Serial0

no ip address

shutdown

no fair-queue

!

interface Seriall

no ip address

shutdown

!

router ospf 1

router-id 10.1.3.1
log-adjacency-changes
area 1 virtual-link 10.1.2.1



network 10.1.1.0 0.0.0.255 area 0
network 10.1.2.0 0.0.0.255 area 1
!

ip classless

no ip http server

|

!

line con 0

line aux 0

line vty 0 4

!

end

5. Zavér
Ukolem tohoto projektu bylo, ovéfit kompatibilitu implementaci OSPF na Cisco I0S a
Linuxu v riznych typech oblasti. U nami zvolenych situaci nebyla zjisténa zadna
nekompatibilita protokolu OSPF. U vSech situaci se podatilo uspéSné€ navazat komunikaci
a naplnit ospf databazi o¢ekavanymi hodnotami. Proto miizeme fici ze ve vyse uvedenych

situacich je protokol OSPF plné& kompatibilni.
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