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VS.

Link-state




Rozdiely medzi smerovacimi protokolmi

= Smerovacich protokolov existuje mnozstvo a liSia sa v réznych aspektoch
= Ohodnotenie cesty (metrika)
= PocCet hopov, vyhodnost na zaklade rychlosti, spofahlivost, oneskorenie, zataz...
* Princip cinnosti
= Distance-vector, Link-state, Path-vector
= Ugel
= Smerovanie v sieti jedného vlastnika, smerovanie medzi sietami r6znych vlastnikov
= Spbésob posielania aktualizacii
= Periodicky alebo pri nejakej udalosti
= Praca s adresami a maskami
= Classful a classless




Metriky v smerovacich protokoloch

= Medzi udaje, z ktorych je mozné vypocitavat metriku, patria

B RyChIOSt Hop count vs. Bandwidth
= Oneskorenie

) . , 172.16.1.0/24
= Spolahlivost

Aktualna zataz
PocCet smerovacov (hopov)

Aka bude metrika z R1 do

LAN za R3, ked vypadne 172.16.3.0124
linka medzi R1 a R3? g___

T1

RIP chooses shortest path based on hop count.
OSPF chooses shortest path based on bandwidth.




Metrika v smerovacich protokoloch

= Pouzivane veliCiny:

= Protokol RIP: po€et hopov

= Protokol OSPF: rychlost rozhrani

= Protokol EIGRP: rychlost rozhrani a oneskorenie, volitelne aj zataz, spolahlivost, maximalne MTU
= Smerovacia tabulka pri kazdej sieti obsahuje aj udaj o vyslednej metrike

= Druhé Cislo v hranatych zatvorkach pri zobrazenej sieti

R2#show ip route

<output omitted>

Gateway of last resort is not set

R 192.168.1.0/24 [120/1] via 192.168.2.1, 00:00:24, Serial0/0

C 192.168.2.0/24 is directly connected, Serial0/0

C 192.168.3.0/24 is directly connected, FastEthernet0/0

C 192.168.4.0/24 is directly connected, Serial(/1

R 192.168.5.0/24 [120/1] via 192.168.4.1, 00:00:26, Serial0/1

R 192.168.6.0/24 [120/1] via 192.168.2.1, 00:00:24, Serial0/0

[120/1] via 192.168.4.1, 00:00:26, Serial0/1

R 192.168.7.0/24 [120/1] via 192.168.4.1, 00:00:26, Serial0/1

@ R 192.168.8.0/24 [120/2] via 192.168.4.1, 00:00:26, Serial0/1

It is 2 hops from R2 to 192.168.8.0/24




Metrika v smerovacich protokoloch

= Rozkladanie zataze (load balancing)
= Ak zo smerovaca do cielovej siete vedie niekolko rovnocennych najkratSich ciest, smerovac ich
moze pouzivat suCasne
= VSetky takéto cesty budu v smerovacej tabuflke pritomné s tou istou metrikou, avSak cez r6znych
next-hop susedov

192.168.3.0/24

168.4.0/24

E I G R P : 192.168.2.0/24 .

= Aktualna FD do siete X
je 20 000. Variance = 2.

= Cesty s akou metrikou
sa m6zu dostat do D.

192.168.5.0/24

192.168.8.0/24

192.168.1.0/24 192.168.6.0/24

192.168.7.0/24

smerovacej tabulky?

R2#show ip route
<output omitted>

R 192.168.6.0/24 [120/1] via 192.168.2.1, 00:00:24, Serial0/0/0
[120/1] via 192.168.4.1, 00:00:26, Serial0/0/1




Smerovacie protokoly podla principu ¢innosti

Distance-vector

= Pracuju na baze ,povery" DV protokoly:

B Nepoznaju topo|ég|u siete = Je konfigurécia Zlozita?
= Je mozne zo sprav DV
protokolu urcit topologiu

\ / siete?
« Mb&zu vznikat smerovacie
slucky?

= Je konvergencia rychla?
= Obsahuju pole (vektor) poloziek tvaru <Siet, Vzdialenost>




Smerovacie protokoly podla principu ¢innosti

Distance-vector Citanie

na doma

= Distance-vector protokoly pracuju na baze ,povery”

Smerovace sa informuju len o cielovych sietach, ktoré poznaju, a ich vzdialenostiach do
tychto sieti, avsak tato znalost' nemusi vyjadrovat pravdivy, skutoCny a okamzity stav

Spravy DV protokolov obsahuju pole (vektor) poloziek tvaru <Siet, Vzdialenost>
(pripadne i dalSie, pre zakladny princip DV protokolov nepodstatné atributy)

Informacie su velmi jednoduché a fahko spracovatelneé, nevyzaduju mnozstvo pamate
ani velky vypoctovy vykon

Elementarna konfiguracia DV protokolov a zakladné porozumenie ich principu Cinnosti
nie su tazke

Zo sprav DV protokolu nemozno urcCit topoldgiu siete — Ziaden smerovac presne nevie,
kolko smerovacCov sa v sieti nachadza, ani nepozna, ako su navzajom prepojeneé

Neznalost topoldgie a nutnost slepo déverovat informacii, ktora prichadza od suseda,
vedie k vzniku prechodnych smerovacich sluCiek a pomalej konvergencii



Smerovacie protokoly podla principu ¢innosti

Link-State

= Smerovacie protokoly typu Link-State (LS) su priamociarou aplikaciou teorie
grafov — hladanie najkratSej cesty v grafe

= Znalost topologie, reprezentovana grafom

= Strom najkratSich ciest

= Pamatovo aj vypoctovo
narocnejSie




Smerovacie protokoly podla principu ¢innosti ;
Citanie

Link-State na doma

= Smerovacie protokoly typu Link-State (LS) su priamociarou aplikaciou teorie
grafov — hladanie najkratSej cesty v grafe

= Kazdy smerovaC musi detailne poznat topologiu siete a vytvorit’ si jej grafovu
reprezentaciu

= Nad grafom siete kazdy smerovacC nezavisle urCi strom najkratSich ciest od seba
do vsetkych cielovych sieti

= Vyuzivany je Dijkstrov algoritmus pre svoju efektivhost
» Charakteristickou vlastnostou LS protokolov je, ze kazdy smerovac detailne
pozna celu topologiu
= Vlypisanim pracovnej databazy LS protokolu na fubovolnom smerovaci sme
schopni nakreslit diagram celej siete
= Pamatovo i vypocCtovo su LS protokoly zlozitejSie nez DV




Poznamky k typom smerovacich protokolov

Naroky na CPU, RAM RV/ELWEE Vacsie

Princip Cinnosti Jednoduchy Zlozitejsi

Naroky na admina StaCi menej skuseny  Treba kvalifikovaného
Reakcia na zmeny PomalsSia RychlejSia
Vhodné pre siete MensSie a stredné Vacsie

Dizajn siete Lubovolny Vzdy hierarchicky *

* musia mat vyClenenu chrbticovu oblast, ktora prepaja dalSie Casti siete

Co je to stav konvergencie v kontexte smerovacich protokolov?




Smerovacie protokoly Link-state




Kategorizacia smerovacich protokolov

" LS komplexnejéie Dynamic Routing Protocols
= Zakladna funkcnost a
konfiguracia je ale v ‘
priamoéiara Interior Gat(?évg)y Protocols Exterior Ga(tEeévs)y Protocols
Distance Vector Routing Link-State Routing Path-Vector
Protocols Protocols Routing Protocol
"
RIPv1 IGRP
Voo v

RIPv2 EIGRP OSPF IS-1S BGP



Smerovacie protokoly typu link-state (LS)

= Vyhody LS smerovacich protokolov
= Znalost topologie
= Rychla konvergencia
= Nizsia pravdepodobnost vzniku smerovacich
slucCiek nez pri DV

= Nevyhody LS smerovacich protokolov

PEQD

= VySsSia spotreba pamate a vypoctoveho P&SO
vykonu CPU

= Nemoznost sumarizovat alebo filtrovat 5
oznamovaneé siete na flubovolnom mieste CO [\]

siete, iba na tzv. hraniciach oblasti

= ZlozitejSie mechanizmy a nutnost
kompetentného nasadenia




Smerovacie protokoly typu link-state (LS)

= pracuju na baze presnej znalosti topologie celej siete

a)

LS popis okolia smerovaca
Kazdy smerovac identifikuje objekty, s ktorymi je bezprostredne spojeny
(dalSie smerovace a priamo pripojené siete)

Odoslanie LSP/LSA

VSetkym svojim susedom smerovac odosle spravu

(tzv. Link State Packet alebo Link State Advertisement, LSP/LSA),
v ktorej presne popiSe svoje prepojenia s okolitymi objektami
Rozosielanie LSP v celegj sieti

Iné smerovace si tuto spravu zapamataju a preposielaju dalej,

ale nesmu ju zmenit

LS databaza

Po istom Case kazdy smerovacC pozna vSetky ostatné smerovace
a objekty v sieti a ich presné vzajomné zapojenie

SPF tree

Nad touto topologickou mapou siete (tzv. ohodnotenym grafom)
smerovac vyuzije niektory z algoritmoyv, ktory vytvara strom najkratSich ciest

10.11.0.0/16

Best Paths
_—

Shortest Path
First (SPF) Tree

Routing
Table



a.) LS popis okolia smerovaca
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a.) LS popis okolia smerovaca

Link State Information for R1

Link 2:
= Metwork 10.2.0.016
» |P address 10.2.0.1
»  Type of network: Serial
=  Costofthat link: 20

1n.1.n.m1hsmmu Link 3:
A « Metwark 10.3.0.001 6
s0/oM 9 » |P address10.3.0.1

= Type of network: Serial

1 10.3.0.0116
TT—— - Costofthatlink 5

« PMeighbors: B3
20

10.4.0.016
Link 1:

«  Petwark 10.71.0.001 6
= [P address 10.1.0.1

»  Type of netwark: Etherne Link 4:
« Costofthat link: 2 = Metwark10.4.0.0M16

» |Paddress 10.4.0.1

»  Twpe of netwark: Serial
»  Costofthat link: 20

» PMeighbors: B4

» Meighbors: none




10.5.0.0/16

b.) LSP pre R1

10.2.0.0/16 10.9.0.0/16

) 21 10.6.0.0/16
10.3.0.0/16 :

10.7.0.0/16

10.11.0.0/16

10.1.0.0/16

10.4.0.0/16

R1
LSP 10.8.0.0/16

1. R1; Ethernet network 10.1.0.0/16; Cost 2

2. R1 -> R2; Serial point-to-point network; 10.2.0.0/16; Cost 20
3. R1 -> R3; Serial point-to-point network; 10.3.0.0/16; Cost 5
4. R1 -> R4; Serial point-to-point network; 10.4.0.0/16; Cost 20




c.) Rozosielanie LSP paketov

= LSP paket generuje kazdy smerovaC sam = LSP sarozosielaju medzi vSetkymi
za seba smerovacmi
= Vzdy pri zmene topologie, ktora sa = Kazdy smerovac si prijaté LSP zapamata a
smerovaca tyka posle svojim susedom
= Periodicky radovo v desiatkach minut = Po kratkom Case kazdy smerovacC pozna
10.5.0.0/16 LSP vSetkych smerovacov v sieti

10.2.0.0/16 [ °-0-0116

10.1.0.0/16 20 10.11.0.0/16
10
Fal/0 .1 das Pt 5 >l D
> e i 10.6.0.0/16
31 10.3.0.0/16 (N 29N
20 7.pous
>~ LSP
R4 1. R1; Ethernet network 10.1.0.0/16; Cost 2
2 2. R1 -> R2; Serial point-to-point network; 10.2.0.0/16; Cost 20

1080.0/16 3. R1 -> R3; Serial point-to-point network; 10.3.0.0/16; Cost 5
T 4. R1 -> R4; Serial point-to-point network; 10.4.0.0/16; Cost 20




d.) Link-state databaza na smerovaci R1

R1s Link-State Database

LSPs from R2:
« Connected to neighbor R1 on network 10.2.0.0/16, cost of 20
« Connected to neighbor R5 on network 10.9.0.0/16, cost of 10
« Has a network 10.5.0.0/16, cost of 2

LSPs from R3:
« Connected to neighbor R1 on network 10.3.0.0/16, cost of 5
« Connected to neighbor R4 on network 10.7.0.0/16, cost of 10
-  Has a network 10.6.0.0/16, cost of 2

LSPs from R4:
« Connected to neighbor R1 on network 10.4.0.0/16, cost of 20
« Connected to neighbor R3 on network 10.7.0.0/16, cost of 10
« Connected to neighbor RS on network 10.10.0.0/16, cost of 10
« Has a network 10.8.0.0/18, cost of 2

LSPs from R5:
« Connected to neighbor R2 on network 10.9.0.0/16, cost of 10
« Connected to neighbor R4 on network 10.10.0.0/16, cost of 10
«  Has a network 10.11.0.0/16, cost of 2

R1 Link-states:
« Connected to neighbor R2 on network 10.2.0.0/16, cost of 20
« Connected to neighbor R3 on network 10.3.0.0/16, cost of &
« Connected to neighbor R4 on network 10.4.0.0/16, cost of 20
«  Has a network 10.1.0.0/16, cost of 2




e.) SPF tree

= Nad touto topologickou mapou siete smerovac spusti Dijkstrov algoritmus
(SPF), ktory vytvara strom najkratSich ciest

R1 LAN 22

R3 LAN 27

R4 LAN 22

R5 LAN 12
Aky bude strom

najkratsich ciest pre R1,
R2, R37? (vo vacsej topo)




Dijkstrov algoritmus — priklad + bonus




Single-Area OSPF




Open Shortest Path First

= najrozsirenejsi LS smerovaci protokol /
= otvoreny protokol specif. v RFC 2328 a pocCetnych daIS|Ch \ @

= classless, podporuje VLSM, fubovolnu sumarizaciu, \ (Backoonedres)
autentifikéciu, rychlu konvergenciu ST

= Metrika je odvodena od rychlosti linky a nazyva sa cena (cost)

= Cost= ReferenceBandwidth/Bandwidth [Mbps] = 100 / Bandwidth [Mbps]
= V sucCasnosti sa pouzivaju dve verzie:

= OSPFv2 pre IPv4 siete

= OSPFv3 pre IPV6 siete

= OSPF vyuziva vlastny transportny protokol a dve multicastové IP adresy:
= 224.0.0.5/FF02::5 — vSetky OSPF smerovacCe na danom segmente Aké boli pre
= 224.0.0.6 / FF02::6 — DR/BDR smerovac na danom segmente RIP, EIGRP?

= Administrativna vzdialenost OSPF sieti je 110, je vSak mozné definovat tri
nezavislé AD pre intra-area, inter-area a external




Link 1:

Pijy V OSPF  Network 10.2.0.0/16
« |P address 10.2.0.1

* Type of network: Serial

" Link _ y « Cost of the link: 20
= Rozhranie smerovaca Neighbors: R2

* Link-state
= Vlastnosti rozhrania (IP adresa/maska, cena, susedny smerovac)

= Link State ID
= Unikatny identifikator, pod ktorym je mozné v databaze vyhladat konkrétny link-state zaznam
= ZvycCajne Router ID, DR router IP, NET adresa atd. 1111

= Router ID (RID)
= 4B Cislo jednoznacne identifikujuce router v OSPF doméne
= MOGze, ale nemusi zodpovedat nejakej jeho IP adrese

|
o

: : . Fa0/0 Fa0/1——
= Stanovenie Router ID na Cisco smerovacoch:
o, , . 192.168.1.1 R1 192.168.11.1
= V konfiguracii OSPF procesu prikazom router-id
= Ak nie je pritomny, najvysSia IP spomedzi Loopback rozhrani ?
= AK nie su pritomné, najvyssia |IP spomedzi vsetkych rozhrani 11111111

Aké bude router-1D pre R1?



Pojmy v OSPF :

= Oblast’ (area)
= Mnozina sieti a smerovacov, ktoré poznaju

zostavajucej Gasti AS ‘ OSPE /

vlastnu topoldgiu, ale ktoré nepoznaju topoldgiu
\ AREA 0

= Oblast je identifikovana 4B Cislom . /
= Kazda oblast musi byt fyzicky spojena N _ 7
s oblast’ou 0 (backbone)

= Hranice oblasti su na smerovacoch (nie na linkach!)
= Area Border Router (ABR)

= SmerovacC na rozhrani medzi viacerymi oblastami (ma rozhrania vo viacerych oblastiach)

= Musi byt clenom oblasti O (chrbtice)

= PlIni funkcie pre Sirenie, filtrovanie a sumarizaciu info preposielanych medzi oblastami
= Autonomous System Boundary Router (ASBR)

= Smerovac na rozhrani medzi AS a vonkajSim svetom

= PIni funkcie pre import, filtrovanie a sumarizaciu informacii do OSPF zvonku AS




Pojmy v OSPF

OSPF databazy

= OSPF si udrziava tri databazy:
= Adjacency Database (show ip ospf neighbor)
= Databaza susedov a komunikacnych vztahov medzi nimi
= Link-state Database (LSDB) (show ip ospf database)

= Topologicka databaza obsahujuca orientovany graf siete vystavany pomocou informacii
v jednotlivych LSA

= Ak je router vo viacerych oblastiach, pre kazdu si vedie samostatnu LSDB
= V/Setky routery v rovnakej oblasti maju identicku LSDB
= Forwarding Database (show ip route)

= Obsahuje informacie o kazdej dosiahnutelnegj sieti a prislusnom next-hop smerovaci

=V OSPF teoreticky smerovaC pozna uplnu cestu od seba do cielovej siete,
v smerovacej tabulke sa vSak zaznamena vzdy len prvy nasledujuci smerovac




Pojmy v OSPF

Link-State Advertisements (LSAS)

Datova Struktura posielana v
paketoch OSPF protokolu, ktora
prenasa topologicku informaciu
Kazdeé LSA ma svoju hlavicku,
ktora ho identifikuje, a informacné
telo

Nie je samostatny paket!
Posielana pri inializacii alebo pri
detekovani topo zmeny
Je Sirena susedom ako?
multicastom na 224.0.0.5 alebo 224.0.0.6

LSA prijata smerovacom je
bezprostredné poslana jeho
susedom

= Az pokial?

po hranicu oblasti



Pojmy v OSPF

Link-State Database (LSDB)

= LSA prijata smerovacom je
pridana do jeho link-state
databazy (LSDB).

= LSDB sa pouziva na
kalkulaciu SPF stromu OSPF
algoritmom

= Pre kazdu cielovu siet zoznam
ciest

Link-State
Database




Pojmy v OSPF

SPF algoritmus

= OSPF algoritmus pre kazdu
siet v LSDB na zaklade ceny
pocita najlepsiu cestu
= Strom najkratsich vzdialenosti
= SPF tree
= Je orientovany

= OSPF algoritmus je zalozeny
na Edsger Dijkstra's shortest
path first (SPF) algoritme

Link-State
Database

N\

Algorithm

Shortest Path
First (SPF) Tree



Pojmy v OSPF

Routing Table

= Najlepsie cesty pre dané
siete vypocCitane SPF
algoritmom su pridané do
smerovacej tabulky

Routing
Table

Shortest Path

/ First (SPF) Tree



Pojmy v OSPF
DR a BDR

Optimalizacia OSPF komunikacie
na multicaccess sietach
= FR, Ethernet

= Designated Router (DR)
= Smerovac, ktory je centralnym bodom pre vymenu
smerovacej informacie na segmente

= Jeden DR sa voli dynamicky pre kazdy
multiaccess segment

= DR je zaroven zodpovedny za reprezentovanie
multiaccess segmentu

= Tzv. Pseudo Node

= Na segmente je kazdy iny smerova¢ (DROTHER)
s nim v adjacency vztahu

. Backup Designated Router (BDR)
Smerovac, ktory zalohuje Cinnost DR a prebera
jeho funkciu v pripade jeho vypadku
= Smerovac s druhou najvySsou prioritou

= Nemusi existovat

= Na segmente je kazdy iny smerovaC (DROTHER)
s nim v adjacency vztahu




Pojmy v OSPF i '
jmy Prechody medzi stavmi

; v
Vzt'ahy smerovacov ——
= Neighborhood I*t
= Komunikacny vztah medzi dvojicou susediacich smerovacov J
= Je vytvoreny, ak sa oba smerovace zhodnu na hodnote ¢ Two-Way
povinnych parametrov
= Neprenasa sa smerovacia informacia, iba informacia o schopnosti l
vzajomne komunikovat ExStart

= Len Hello ... stav 2-Way (bude vysvetlené neskor)
= Vytvoreny medzi ktoroukolvek vzajomne spojenou dvojicou —

More
LSAs
required

spravne nakonfigurovanych a pracujucich OSPF routerov ves
- Adjacency Exchange
= Uzsi komunikacCny vztah medzi dvojicou susediacich routerov >\[,
= Umoznuje takto ,spriatelenym“ smerovacom vymienat si samotnu Loading
smerovaciu informaciu
= Stav Full (bude vysvetlené neskor) l

= Vytvara sa iba medzi vybranymi smerovacmi | Full




OSPF pakety




OSPF Pakety

= OSPF pouziva 5 zakladnych druhov paketov na r6zne ucely (ake?)
Hello, DDP, LSU, LSR, LSAck
= Objavenie susedov a budovanie adjacency vztahov
= Sirenie link-state informacii za u&elom budovania a aktualizacie LSDB

Frame Payload
Frame Header

Protocol Number OSPF OSPF
Header (OSPF = 89) Header Message

Na LAN je OSPF paket | Cialova multicast IP adresa OSPF hlavicka OSPF sprava

zabaleny do Eth. Ramca | nastavena na bud: identifikuje typ obsahuje

s cielovou multicast « 224.0.0.5 (All OSPF routers) | OSPF paketu, polia per typ
adresou bud™: « 224.0.0.6 (All DR and BDR) | router ID a Cislo OSPF paketu
» 01-00-5E-00-00-05 oblasti (Area ID)

* 01-00-5E-00-00-06 Pole protokol v IP hlavicke je

89.




OSPF pakety

Prechody medzi stavmi

Dvojica smerovacov pri objavovani susedov,
budovani adjacency vztahov a synchronizacii
svojich databaz prechadza seériou stavov
Down: pociatocny stav

Init: PoCujeme suseda, no nevieme, Ci on
pocCuje nas

Two-Way: So susedom sa poCujeme navzajom

= V tejto faze sa voli DR/BDR, ak je to potrebné
= Niektoré smerovace v tomto stave zostanu trvale

ExStart: Dohodneme sa, kto bude riadit proces
porovnavania databaz

Exchange: Porovnavanie databaz

Loading: Prenos chybajucich alebo novych
poloziek medzi databazami

Full: Stav, kedy oba smerovacCe maju rovnaky
obsah databaz

Neighbor Down
Discovery — v
Hello nit
Protocol ri'
Two-Way
ExStart
M
Database N Lone
Synchro- required
nization YVes
Exchange
Loading
Route l

Calculations

Full




Pakety v OSPF - -
akety v Prechody medzi stavmi

Hello paket —
v
= Na objavenie a udrziavanie neighborhood vztahov Init
S0 susedmi I
= Pouzity na volbu DR/BDR na multiaccess sietach Two-Way

= Hello paket sa posiela kazdych |
= 10 sekund na sietach typu broadcast a Point-to-Point
= 30 sekund na sietach typu NBMA a Point-to-Multipoint

= Dead interval
= implicitne vzdy 4-krat vacsi ako Hello interval

= Interval, do ktorého ak nie je prijaté ziadne Hello je
sused odstraneny zo zoznamu susedov

= V OSPF musia Casovace byt zhodné medzi
vsetkymi susedmi na spoloCnej sieti, inak sa
nebudu v OSPF vidiet




Pakety v OSPF

DBD paket

Prechody medzi stavmi

DataBase Description Packet
(DDP alebo DBD)

= Volba Master / Slave poCas Exstart

= Paket sa pouziva pri uvodnej synchronizacii l
topologickych databaz medzi dvojicou routerov

= Prenasa len ,titulky®, ,nadpisy” jednotlivych
poloziek, nie kompletnu topologicku informaciu

= DBD paketmi komunikuju routery vo faze
synchronizacie topologickych databaz, kedy si
vytvaraju zoznam poloziek, ktore su u suseda
novsie, resp. ktoré aktualny router vobec nema

ExStart




Pakety v OSPF

LSR, LSU a LSAck pakety

= Link State Request (LSR)

= Router si vyziada konkrétnu polozku
topologickej databazy od suseda

= Qbsahuje zahlavie pozadovaného LSA
(databazovy kluc - LSID)
= Link State Update (LSU)

= V nich sa prenasa samotna topologicka

informacia No

= Ktora je vo vnutri LSU obsiahnuta ako
jedna alebo niekolko LSA poloziek

= Link State Acknowledgement

Prechody medzi stavmi

More
LSAs
required

Yes

(LSACk) Exchange
= Na potvrdenie uspesneho prijatia >‘l’
konkrétneho LSA Loading

|
= V jednom LSAck mdze byt

potvrdenych mnoho LSA




OSPF cinnost’ a stavy protokolu




Cinnost’ OSPF — od startu

po stabilny stav

Rozbeh OSPF je mozné
rozdelit do 5 krokov

1. Lokalizovanie susedov a
vytvorenie komunikacnych
vztahov

2. Volba DR/BDR, pokial je to
primerané

3. Synchronizacia
topologickych databaz

4. VypocCet stromu najkratSich
ciest a naplnenie
smerovacej tabulky

5. Udrziavanie aktualneho
stavu smerovacej databazy

/
/

\

=

Neighbor Discovery — Hello

Down State

v

Init State

v

Two-Way State

rotocol _
No Hello packets received = Down
Send Hello Packets
Transit to Init state

Hello packets received from the neighbor
and it contains the initial router’s router ID.
Transit to two-way state

(Optional) DR and BDR election
Transit to ExStart state

l Database Synchronization

ExStart State

No More LSAs

required

Exchange State

¢

Loading State

Negotiate master / slave relationship and
DBD packet sequence number

DBD exchanged as LSAs are requested
and sent

Transit to either Loading or Full state after
completing the database description

Newly learned routes are asked for and
current database is being processed

Route Calculations
Router is synchronized with the neighbor
and route calculations using the SPF
algorithm begins



e . . Prechody medzi stavmi
Krok 1 — Lokalizacia susedov y

a vytvorenie komunikacnych vzt'ahov Down
= Pomocou Hello paketov ,*t
= na adresu 224.0.0.5 (pri IPv6 na FF02::5) v
Two-Way

= alebo na konkrétneho suseda |

= Smerovace skontroluju parametre
prijateho Hello paketu:
= SpolocCna siet a maska
= Cislo oblasti a jej typ
= Autentifikacia
= Hello a Dead Interval

= Ak sa parametre zhoduju, smerovace
sa povazuju za susedov (neighbors)




Krok 1 — Lokalizacia susedov a vytvorenie komunikacnych vztahov

= Pokial su na sieti zvoleni DR/BDR, ich IP
adresy budu v Hello paketoch uvedené a R1
s nimi bude potrebné nadviazat uzsie
susedstvo, tzv. adjacency

= Adjacency opravnuje dvoch susedov
navzajom si vymienat smerovacie informacie.

= ObycCajni susedia sa sice vidia, ale
smerovaciu informaciu si priamo posielat
nemozu — i keby to spravili, navzajom ju budu
ignorovat

= Na point-to-point typoch sieti, kde su
navzajom prepojené len dva smerovace, sa
DR/BDR nevolia, lebo nie su potrebné, a
smerovace sa vzdy budu snazit nadviazat
adjacency

= Na multiaccess typoch sieti sa adjacency
nadvazuje len medzi takymi parmi susedov,
kde jeden zo susedov je DR alebo BDR
= Ak na sieti nie su podla prijatych Hello
paketov zvoleni DR/BDR a typ siete si ich

vyzaduje (t.j. je to multiaccess), nasleduje ' '
faza volby DR/BDR smerovagov Adjacency  Neighborhood




Krok 2 — Volba DR/BDR

OSPF Network Types

= Point-to-point
= Two routers interconnected over a common link. Often the configuration in WAN
links.

= Broadcast Multiaccess
= Multiple routers interconnected over an Ethernet network.

= Non-broadcast Multiaccess (NBMA)
= Multiple routers interconnected in a network that does not allow broadcasts,
such as Frame Relay.
= Point-to-multipoint
= Multiple routers interconnected in a hub-and-spoke topology over an NBMA
network.

= Virtual links
= Special OSPF network used to interconnect distant OSPF areas to the backbone area.




N

10.4.0.0/16 Q

10.5.0.0/16

10600/16 & i\

/\g/‘

£106.0.1

Krok 2 — Volba DR/BDR

PPP over T1
Point-to-Point

Ethernet Ethermnmet

. i . Broadcast Multi-Access e 'éroadcast Multi-Access 0
= DR a BDR router je potrebné zvolit

na kazdom multiaccess segmente o b\"‘

= Kazdy OSPF router ma pre kazdy multiaccess segment (kazdé rozhranie) nezavisle
konfigurovatelnu prioritu od 0 po 255

= Pri vybere plati:

= Smerovac s prioritou 0 sa nezucastnuje volieb

= Smerovac s najvyssou prioritou na segmente sa stava DR

= Smerovac s druhou najvyssou prioritou na segmente je BDR
Pokial nie je mozné na zaklade priorit rozhodnut, pouzije sa RID

= Pred volbou DR/BDR router ¢aka tzv. Wait interval, ktory je zhodny s Dead intervalom —
kvoli kumulacii dostatoCneho poctu Hello paketov a vy€Ckaniu na Start routerov na segmente

= Volba DR/BDR je nepreemptivna: raz zvoleny DR/BDR zostava vo svojej funkcii, az kym
neprerusi svoju cinnost’




Krok 2 — Volba DR/BDR

Broadcast multi access (BMA)

= Problém s BMA

= Vela OSPF smerovacov na BMA sieti
= Ako formovat vztahy?

= Ak kazdy s kazdym sused
(adjacency vztahy) = prilis velky
overhead - aky?

= 10 routerov potrebnych 45 adjacencies

= 45 krat poslany HELLO, LSA, LSAck a
podobne.

= Pre nrouterov= n*(n-1)/2

= RieSenie:
= Volba jedného centralneho routra (DR)
= a zalozného (BDR) (ochrana)

Adjacency

Ostatni adjacencies len s DR a BDR

nie kazdy s kazdym

VSetky routre posielaju LSU na 224.0.0.6
(All DR and BDR)

DR posiela LSU vsetkym OSPF
smerovacom (224.0.0.5)

Adjacenc
% | y > R2
A \ Adjacency Adjacency / A

Adjacency

Adjacency Adjacency

S

Adjacency \\ /KAd




Krok 2 — Vol'ba DR/BDR

Overenie DR/BDR vzt'ahu

Stav susedov na BMA sieti m6ze byt

= FULL/DROTHER -toto je DR alebo BDR router, kt. je vo Full vztahu s non-DR or non-
BDR routerom.

= FULL/DR —BDR or DROTHER smerovac vo vztahu Full s DR.
= FULL/BDR — DR or DROTHER smerovac vo vztahu Full s BDR..
= 2-WAY/DROTHER - smerovac, kt. je non-DR vo vztahu s inym non-DR.

El{ show ip ospf neighbor

Heighbor ID Pri Stats= Cead Tim= Address Interface
() 2.2.2.2 1 FURL/BDR  00:00:36 192,168.1.2 GigabitEtharnstD/d
€ 3.3.3.3 1 FULL/DR B:00:35  192,188,1,.3 GigabitEtbernetD/(




Krok 3 — Synchronizacia

Neighbor Down
topologickych databaz ESBEVE) - 7
= Dvojica smerovacov pri objavovani susedov, budovani Protocol Init
adjacency vztahov a synchronizacii svojich databaz TWO‘!'Way
prechadza sériou stavov
= Down: pociatoCny stav l

= |nit: PoCujeme suseda, no nevieme, Ci on pocuje nas ExStart
= Two-Way: So susedom sa poCujeme navzajom

M

=V tejto faze sa voli DR/BDR, ak je to potrebné [S)%a::bha:%? _ 2 LSO,_Drg

= Niektoré smerovace v tomto stave zostanu trvale nization Y;Sequ"ed
= ExStart: Dohodneme sa, kto bude riadit proces

porovnavania databaz Exchange
= Exchange: Porovnavanie databaz 1

. . , .. : Loadi

= Loading: Prenos chybajucich alebo novych poloZiek medzi paviny

databazami

v - , Route

= Full: Stav, kedy oba smerovace maju rovnaky obsah Calculations

databaz Full




Fazy OSPF protokolu

Kazda dvoijica routerov prechadza pri vytvarani
komunikacneého vztahu niekolkymi fazami

Faza Down:

= Startovaci stav. Od konkrétneho suseda sme zatial
nedostali ziaden Hello paket. My posielame Hello
pakety.

Faza Attempt:

= Plati len na NBMA sietach. Od konkrétneho suseda
sme zatial nedostali ziaden Hello paket. My
posielame Hello pakety adresne na tohto suseda.

Faza Init:

= Od suseda sme dostali Hello paket a informacie v
nom splnaju kriteria. Nevidime vsak svoje vlastné
RID v tomto Hello pakete.

Neighbor
Discovery —
Hello
Protocol

Down

Init




Fazy OSPF protokolu

Faza 2-Way:

= Od suseda sme dostali Hello paket a informacie v niom
spifiaju kritéria, naviac v iom vidime vlastné RID.

Tymito fazami prejdu vsSetky susedske routery a
tieto fazy zodpovedaju kroku 1 a pripadne 2

Vo faze 2-Way su splnené podmienky na moznost

obojsmernej komunikacie medzi dvojicou routerov

Bezni susedia zostavaju vo faze 2-Way a v
dialogu nepokracCuju — ziadna vymena
topologickej informacie

Do dalsich faz pokracCuju len tie dvojice routerov,
ktoré su bud spojené typom siete, kde sa
DR/BDR nevoli, alebo ak aspon jeden z tejto
dvojice je DR/BDR

= Dialdg, ktory vedu v tychto dalSich fazach, sa nazyva
adjacency

Neighbor
Discovery —
Hello
Protocol

Down

Init

Two-Way




Fazy OSPF protokolu

= Faza ExStart:

= Routery si navzajom vymenia prazdne
DBD pakety, aby pre ucel vymeny
topologickych databaz zistili, kto z nich
bude tzv. Master a kto Slave
(rozhoduje vysSie RID)

= Master smie zvysovat sekvencne Cislo
v DBD paketoch, Slave je povinny
odpovedat na vyzvy Mastera
opakovanim jeho sekvencneho Cisla

= Faza Exchange:

= Routery si vymienaju DBD pakety, v
ktorych si navzajom popisuju obsah
svojich topologickych databaz

= Na zaklade informacii v prijatych DBD
paketoch si kazdy router tvori zoznam
LSA, ktoré ma sused novSie a ktoré od
neho bude chciet’ stiahnut

4

ExStart

More
LSAs
required

Yes

Exchange

>




Fazy OSPF protokolu

* Faza Loading:
= Routery si poCas fazy Exchange vytvorili
zoznamy LSA, ktoré chcu od suseda stiahnut.

= Vo faze Loading si tieto topologické komponenty
vzajomne vyziadaju paketmi LSR, poslu paketmi
LSU a potvrdia paketmi LSAcKk.

= Faza Full:

= Router vstupuje v dialogu so susedom do fazy
Full v momente, ked od suseda ziskal vsetky
informacie, o ktoré mal zaujem.

= Dva smerovace vo vzajomnom stave Full maju
identické topologicke databazy a su plne
synchronizovane.

Route
Calculations

Loading

Full




Krok 3 — Synchronizacia topologickych databaz

EO0 EO
} 10.5.0.1 10502 @ ;89

RTA
Exstart State RTB

Starting exchange, this router has ID 10.5.01 » 08D ]

| O, this router has a higher 1D, so it will start the ex .
0BD |« g e
Exchange State
DBD 5 < Here is a summary of the link-state database.

Here is a summary of the link-state database. ) DBD I

Loading State
The complete entry is needed for network 10.6.0.0/16 ) LSR ]

Here is the entry for network 10.6.0.0/16

LU |«

Thanks for the information! ) LSAck I
Full State -




Kroky 4 a 5 — Strom najkratsich ciest a jeho udrziavanie

= Router, ktorého topologicka databaza je
plne synchronizovana, méze nad nou
spustit’ Dijkstrov algoritmus a urcit tak
strom najkratSich ciest od seba do vsetkych
cielovych sieti

= Kazda zmena topologickej databazy vyvola
= Informovanie okolia o zmene

= Spocitanie nového stromu najkratSich
vzdialenosti

= |[nformovanie o zmene: L

= Ak je na sieti DR/BDR, potom smerovac, ktory
spozoroval zmenu, posiela o nej info na adresu
224.0.0.6 (v IPv6 FF02::6) — vSetky DR/BDR na
danom segmente.

= DR nasledne tuto informaciu Siri vSetkym OSPF
smerovacom na adrese 224.0.0.5 (FF02::5).

= Dvojica smerovacov vo Full stave si info posiela
bezprostredne

R1(DR) R2(BDR)




Zakladna konfiguracia

- single area OSPF




Zakladna konfiguracia OSPF

Router (config) #

router ospf process-id [vrf vpn-name]

= Spusti OSPF proces

- Cislo procesu je lubovolné &islo od 1 po 65 535 a je lokalne pre
dany router

- Specifikuje meno VRF VPN instancie

Router (config-router) #

network ip-address wildcard-mask area area-id

= Definuje zoznam rozhrani, ktoré budu (so svojimi sietami)

zaradené do OSPF procesu
Router (config-if) #

ip ospf process-id area area-id [secondaries none]

= Alternativny sp6sob v novSich |OS, ktory aktivuje OSPF
specificky pre dané rozhranie



ReferenceBW

Uprava metriky v OSPF e defauitne

100 Mbps

V OSPF sa metrika vola ,cena linky® — tzv. cost

Pocita sa ako podiel:
Cost= ReferenceBandwidth/Bandwidth [Mbps] = 100 / Bandwidth [Mbps]
Evidentne, nevyhovuje pre sucasneé linky rychlejSie ako 100 Mbps

Preto referencnu rychlost mozno konfiguracne zmenit od 1 do 4 294 967 Mbps:

RouterA (config-router) #

auto-cost reference-bandwidth ref-bw

VSetky smerovace v danej oblasti musia pouzivat rovnaku referenénu metriku !!
Referenéna rychlost’ sa v paketoch neprenasa

= Cenu linky mozno nakonfigurovat’ aj napevno od 1 do 65 535

RouterA (config-if) #

ip ospf cost interface-cost

= Alebo ju mézeme modifikovat prikazom bandwidth, vtedy sa pouZzije prepocCet na cost




Identifikator smerovaca — Router ID

= Na mnohych miestach OSPF protokolu je smerovac identifikovany unikatnym
Cislom — tzv. Router ID (RID)

= V LSDB sa RID vyuziva v tele mnohych LSA (autor alebo obsah)
Volba RID pre smerovac:

1. RID specifikované v konfiguracii OSPF procesu
= prikazom router-id

2. NajvyssSia IP adresa spomedzi vSetkych aktivhych Loopback rozhrani s IP adresou
3. Najvyssia IP adresa spomedzi vsetkych aktivnych rozhrani

RID sa vybera v momente spustenia OSPF procesu

= Ak nie je mozne vybrat RID, router sa bude stazovat

Pre stabilitu sa odporucCa pouzivat

* bud prikaz router-id alebo

= Loopback ako RID (alebo oboje)
= Vhodné aj smerovat (manazment, testing apod.)




Prikaz OSPF router-id

Router (config-router) #

router-id A.B.C.D

- Tento prikaz sa pouziva v kontexte prikazu router ospf
process-id

- Ako RID je pouzitelna [ubovolna 32-bitova hodnota v tvare IP adresy

- Ak sa prikaz pouzije v Case, ked uz beziaci OSPF proces ma zvolené
RID, zmena sa prejavi
- az po restarte routera alebo

- po ru¢nom restarte OSPF procesu

Router# clear ip ospf process

Router (config)# router ospf 1
Router (config-router) # router-id 172.16.1.1

Router# clear ip ospf process




Ovplyvnenie volby DR a BDR — nastavenie priority

= Nastavenie Specifickej priority rozhraniu smerovaca.

Router (config-1if) #

ip ospf priority number

- Rozhranie smerovaca m6ze mat nastavenu prioritu v
rozsahu O - 255:

-0 = DROTHER - Router cannot be a DR
-1 = Favorable - Default for all routers
- 255 = Very favorable - Ensures at least of a tie.

- Priorita by mala byt nastavena pred samotnou volbou
- Zobrazenie nastavenej priority a inych kluCovych udajov

- show 1p ospf interface




OSPF Passive-Interface

= Zabranuje zasielaniu OSPF updatov cez dané rozhranie

Router (config-router) #

passive-interface type number [default]

- Volba default nastavi vSetky rozhrania ako pasivne
- Dané rozhranie musime potom explicithe povolit
- no passive-interface type number
- Z pohladu OSPF:
- Specifikované rozhranie sa javi ako stub network
- Cez rozhranie nie su prijaté ani posielané updates
- Zabrani formovaniu susedskeho vztahu

- Ale info o sieti sa posiela



Default route v OSPF

= Posielanie default route v OSPF je mozneé zabezpecit iba prikazom
default-information originate

= Typ siete v smerovacej tabulke bude: 0 E2

= Router, na ktorom je tento prikaz zadany, bude rozposielat default route len
vtedy, ak ju uz sam ma v smerovacej tabulke (rozdiel oproti RIP)
= Napr. vytvorenu staticky

= Nepovinny parameter always sa pouziva, ak chceme, aby router posielal
default route vzdy

= Do OSPF nie je mozné default route redistribuovat!
172.16.2.0/24

209.165.200.224/27 "
Internet)




Default route v OSPF

= Rozposielanie externe] default cesty do OSPF.

Router (config-router) #

default-information originate [always] [metric metric-value]
[metric-type type-value] [route-map map-name]

always

metric

metric-value

metric-type

type-value

route-map

map-name

(Optional) Specifies that OSPF always advertises the default route
regardless of whether the router has a default route in the routing table.

(Optional) A metric used for generating the default route. If you omit a value
and do not specify a value using the default-metric router configuration
command, the default metric value is 1. Cisco IOS Software documentation
indicates that the default metric value is 10; testing shows that it is actually
1.

(Optional) The external link type that is associated with the default route
that is advertised into the OSPF routing domain. It can be one of the
following values: 1—Type 1 external route 2—Type 2 external route. The
default is type 2 external route (indicated by O*E2 in the routing table).

(Optional) Specifies that the routing process generates the default route if
the route map is satisfied.



Zmena casovacov

=Casovacée musia byt na linke rovnaké
= inak sa nevytvori susedsky vztah
*Dead zvyCajne Styri krat dlhsi ako hello

Router (config-if) # ip ospf hello-interval seconds

Router (config-if) # ip ospf dead-interval seconds

R1# show ip ospf interface serial 0/0/0 | include Timer

Timer intervals configured, Hello 10, Dead 40, Wait 40,
Retransmit 5

Timer intervals configured, Hello 10, Dead 40, Wait 40,
Retransmit 5

Timer intervals configured, Hello 10, Dead 40, Wait 40,
Retransmit 5

R1# : :
R1# show ip ospf neighbor
Neighbor ID Pri State Dead Time Address Interface
3.3.3.3 0 FULL/- 00:00:35 192.168.10.6 Serial0/0/1
2.2.2.2 0 FULL/- 00:00:33 172.16.3.2 Serial0/0/0

R1#




Diagnostika

Single-Area OSPF




Diagnostika Single-Area OSPF

Postup pri diagnostike OSPF

Connectivity issues due to routing?

‘Yes
Troubleshoot

Are the interfaces operational?
Is the neighbor table P

correct? Are the interfaces enabled for

OSPF?
Does the OSPF area match?
Is there an interface that is

configured as passive?

( |
Is the routing table Q' Troubleshoot

correct?
Show commands

show ip ospf neighbor
show ip interface brief
show ip ospf interface

( Troubleshoot |
No

Does traffic take
desired path?

Functional network?




Diagnostika Single-Area OSPF

Budovanie OSPF Adjacency vzt'ahu

® == 6

OSPF adjacencies will not form if:

The interfaces are not on the same network.

OSPF network types do not match.

OSPF Hello or Dead Timers do not match.

Interface to neighbor is incorrectly configured as passive.
There is a missing or incorrect OSPF network command.




Diagnostika Single-Area OSPF

Prechody cez OSPF stavy

Prechody medzi stavmi

Down
, v
= VV akom stave by mal ostat init
smerovac? !
I Two-Way
Two Way l
. ExStart
alebo az
Full —& sk

required
Yes

Exchange

¢

Loading




Overenie OSPF

Displays OSPF process ID, router ID, networks router is
advertising & administrative distance

show ip protocols
show ip ospf neighbors Displays OSPF neighbor relationships.
show i1p ospf neighbors detail

show ip route Displays the routing table.

show ip ospf interface Displays hello interval and dead interval

Displays OSPF process ID, router ID, OSPF area information

s ¢ £ _ .
show 1p osp & the last time SPF algorithm calculated

debug ip ospf Adjacency, packet, events...




show Ip protocols

Overenie, Ci je spusteny smerovaci proces a ¢i mame susedov

R1# show ip protocols
Routing Protocol is “ospf 1”
Outgoing update filter list for all interfaces is not set
Incoming update filter list for all interfaces is not set
Router ID 10.64.0.1
Number of areas in this router is 1. 1 normal 0 stub 0 nssa
Maximum path: 4
Routing for Networks:
10.0.0.0 0.255.255.255 area 0
Reference bandwidth unit is 100 mbps
<output omitted>




show ip ospf neighbors

Lokalne rozhranie cez
ktoré je formovany
susedskych vzt'ah s
danym susedom.

Vypis OSPF susedov a susedskeho stavu

R2# show ip ospf neighbor 1
Neighbor ID Pri State Dead Time Address Interface
10.64.0.1 1 FULL/DROTHER 00:00:30 10.64.0.1 FastEthernet0/0
10.2.1.1 0 FULL/ - 00:00:34 10.2.1.1 Serial0/0/1
A A
i ! !
Zoznam RID OSPF stav v ktorom sme .
S EEE e so susedom. FULL IP adresa rozhrania
poradi ako .Z;aT.eT} fe ma[;';‘; suseda ku ktorému sme
boli nauéeny LU priamo pripojeny
Susedova priorita na Cas do uplynutia ktorého
danom OSPF rozhrani povazujeme suseda za down.

Prijatie Hello obnovi ¢asovaé

Document ID: 13688 What Does the show ip ospf neighbor Command Reveal?
http://www.cisco.com/en/US/tech/tk365/technologies_tech note09186a0080094a85.sht
ml



http://www.cisco.com/en/US/tech/tk365/technologies_tech_note09186a0080094a85.shtml

show Ip ospf interface brief

R1# sh ip ospf interface brief

Interface PID Area
Lol 1 0
Fa0/0 1 0
Se0/0 1 0

IP Address/Mask
10.1.1.1/24
10.1.200.1/24
10.1.100.1/24

Cost
1
1
1562

State Nbrs F/C

LOOP
BDR
P2P

0/0
1/1
1/1




show Ip route ospf

Vypis smerovacich ciest nauCenych cez OSPF.

R1# show ip route ospf
10.0.0.0/8 is variably subnetted, 3 subnets, 2 masks
O IA 10.2.1.0/24 [110/782] wvia 10.64.0.2, 00:03:05, FastEthernet0/0

R1#




show Ip ospf interface

Overenie natavenia OSPF na rozhrani.

R1# show ip ospf interface fastEthernet 0/0
FastEthernet0/0 is up, line protocol is up
Internet Address 10.64.0.1/24, Area O
Process ID 1, Router ID 10.64.0.1, Network Type BROADCAST, Cost: 1
Transmit Delay is 1 sec, State DROTHER, Priority O
Designated Router (ID) 10.64.0.2, Interface address 10.64.0.2
No backup designated router on this network
Timer intervals configured, Hello 10, Dead 40, Wait 40, Retransmit 5
oob-resync timeout 40
Hello due in 00:00:04
Supports Link-local Signaling (LLS)
Index 1/1, flood queue length 0
Next 0x0(0)/0x0 (0)
Last flood scan length is 1, maximum is 4
Last flood scan time is 0 msec, maximum is 4 msec
Neighbor Count is 1, Adjacent neighbor count is 1
Adjacent with neighbor 10.64.0.2 (Designated Router)
Suppress hello for 0 neighbor (s)

Document ID: 13689 What Does the show ip ospf interface Command Reveal??
http://www.cisco.com/en/US/partner/tech/tk365/technologies tech note09186a0080094056.shtml



http://www.cisco.com/en/US/partner/tech/tk365/technologies_tech_note09186a0080094056.shtml

show Ip ospf

Overenie OSPF informacii

R2# show ip ospf

Routing Process “ospf 50” with ID 10.64.0.2

<output omitted>

Area BACKBONE (0)
Area has no authentication
SPF algorithm last executed 00:01:25.028 ago
SPF algorithm executed 7 times

<output omitted>

Area 1
Number of interfaces in this area is 1
Area has no authentication
SPF algorithm last executed 00:00:54.636 ago
SPF algorithm executed 3 times
<output omitted>
R2#




Diagnostika susedskych vzt'ahov

RouterA# debug ip ospf adj

OSPF: Interface Serial0/0/0.1 going Up

OSPF: Build router LSA for area 0, router ID 192.168.1.1, seq 0x80000023

OSPF: Rcv DBD from 192.168.1.2 on Serial0/0/0.1 seq O0xCFO0 opt 0x52 flag 0x7 len 32 mtu 1500 state INIT
OSPF: 2 Way Communication to 192.168.1.2 on Serial0/0/0.1, state 2WAY

OSPF: Send DBD to 192.168.1.2 on Serial0/0/0.1 seq OxF4D opt 0x52 flag 0x7 len 32

OSPF: NBR Negotiation Done. We are the SLAVE

OSPF: Send DBD to 192.168.1.2 on Serial0/0/0.1 seq O0xCFO0 opt 0x52 flag 0x2 len 132

OSPF: Rcv DBD from 192.168.1.2 on Serial0/0/0.1 seq 0xCFl opt 0x52 flag 0x3 len 132 mtu 1500 state
EXCHANGE

OSPF: Send DBD to 192.168.1.2 on Serial0/0/0.1 seq OxCFl opt 0x52 flag 0x0 len 32

OSPF: Database request to 192.168.1.2

OSPF: sent LS REQ packet to 192.168.1.2, length 12

OSPF: Rcv DBD from 192.168.1.2 on Serial0/0/0.1 seq 0xCF2 opt 0x52 flag 0xl len 32 mtu 1500 state EXCHANGE
OSPF: Exchange Done with 192.168.1.2 on Serial0/0/0.1

OSPF: Send DBD to 192.168.1.2 on Serial0/0/0.1 seq O0xCF2 opt 0x52 flag 0x0 len 32

OSPF: Synchronized with 192.168.1.2 on Serial0/0/0.1, state FULL

$OSPF-5-ADJCHG: Process 100, Nbr 192.168.1.2 on Serial0/0/0.1 from LOADING to FULL, Loading Done

OSPF: Build router LSA for area 0, router ID 192.168.1.1, seq 0x80000024




RouterA# debug ip ospf adj

OSPF: Interface FastEthernet0/0 going Up

OSPF: Build router LSA for area 0, router ID 192.168.1.1,seq
0x80000008

$LINEPROTO-5-UPDOWN: Line protocol on Interface FastEthernet0/0,
changed state to up

OSPF: 2 Way Communication to 172.16.1.1 on FastEthernet0/0,
state 2WAY

OSPF: end of Wait on interface FastEthernet0/0

OSPF: DR/BDR election on FastEthernet0/0

OSPF: Elect BDR 192.168.1.1

OSPF: Elect DR 192.168.1.1

OSPF: Elect BDR 172.16.1.1

OSPF: Elect DR 192.168.1.1

DR: 192.168.1.1 (Id) BDR: 172.16.1.1 (Id)

OSPF: Send DBD to 172.16.1.1 on FastEthernet0/0 seqg 0xDCE opt 0x52
flag 0x7 len 32

OSPF: No full nbrs to build Net Lsa for interface FastEthernet0/0
OSPF: Neighbor change Event on interface FastEthernet0/0

OSPF: DR/BDR election on FastEthernet0/0

OSPF: Elect BDR 172.16.1.1

OSPF: Elect DR 192.168.1.1

DR: 192.168.1.1 (Id) BDR: 172.16.1.1 (Id)

OSPF: Neighbor change Event on interface FastEthernet(0/0

OSPF: DR/BDR election on FastEthernet0/0

OSPF: Elect BDR 172.16.1.1

OSPF: Elect DR 192.168.1.1

DR: 192.168.1.1 (Id) BDR: 172.16.1.1 (Id)

Diagnostika susedskych vzt'ahov — vol'ba DR/BDR




Diagnostika susedskych vzt'ahov — volba DR/BDR

Pokracovanie

OSPF: Rcv DBD from 172.16.1.1 on FastEthernet0/0 seq 0x14B 7 opt 0x52 flag 0x7
len 32 mtu 1500 state EXSTART

OSPF: First DBD and we are not SLAVE-if)#

OSPF: Send DBD to 172.16.1.1 on FastEthernet0/0 seq OxDCE opt 0x52 flag 0x7 len
32

OSPF: Retransmitting DBD to 172.16.1.1 on FastEthernet0/0[1

OSPF: Rcv DBD from 172.16.1.1 on FastEthernet0/0 seqg O0xDCE opt 0x52 flag 0x2 len
152 mtu 1500 state EXSTART

OSPF: NBR Negotiation Done. We are the MASTER

OSPF: Send DBD to 172.16.1.1 on FastEthernet0/0 seq OxDCF opt 0x52 flag 0x3 len
132

OSPF: Database request to 172.16.1.1

OSPF: sent LS REQ packet to 172.16.1.1, length 24

OSPF: Rcv DBD from 172.16.1.1 on FastEthernet0/0 seqg O0xDCF opt 0x52 flag 0x0 len
32 mtu 1500 state EXCHANGE

OSPF: Send DBD to 172.16.1.1 on FastEthernet0/0 seq 0xDDO opt 0x52 flag 0x1l len
32

OSPF: No full nbrs to build Net Lsa for interface FastEthernet0/0

OSPF: Build network LSA for FastEthernet0/0, router ID 192.168.1.1

OSPF: Build network LSA for FastEthernet0/0, router ID 192.168.1.1

OSPF: Rcv DBD from 172.16.1.1 on FastEthernet0/0 seq 0xDDO opt 0x52 flag 0x0 len
32 mtu 1500 state EXCHANGE

OSPF: Exchange Done with 172.16.1.1 on FastEthernet0/0

OSPF: Synchronized with 172.16.1.1 on FastEthernet0/0, state FULL
$OSPF-5-ADJCHG: Process 100, Nbr 172.16.1.1 on FastEthernet0/0 from LOADING to
FULL, Loading Done

OSPF: Build router LSA for area 0, router ID 192.168.1.1, seqg 0x80000009

OSPF: Build network LSA for FastEthernet0/0, router ID 192.168.1.1

OSPF: Build network LSA for FastEthernet0/0, router ID 192.168.1.1
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