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Ciele kapitoly

= Popisat charakteristicke vlastnosti distance vector (DV)
smerovacich protokolov

= Demonstrovat princip DV protokolov na priklade
protokolu RIP

= Popisat proces, ktorym DV protokoly udrziavaju
aktualne smerovacie tabulky

= Vysvetlit okolnosti, pri ktorych méze dochadzat ku
vzniku smerovacich slucCiek
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Par faktov o smerovacich protokoloch

= Ciel smerovacich protokolov:

= naplnit smerovaciu tabulku zoznamom dosiahnutelnych sieti a urcit
najvhodnejSie cesty do nich

= Smerovacie protokoly maju spravidla vlastné pracovné databazy,
ktoré nie su totozné so smerovacou tabulkou

= Pracovné databazy smerovacich protokolov nie su vzajomne
medzi nimi zdielané
= Smerovaci protokol rozposiela do okolia
= priamo pripojené siete vymenované prikazmi network
= ostatné siete, o ktorych sa tym istym protokolom naucil od susedov

= Naplnenie smerovacej tabulky sa udeje ako vysledok behu
algoritmu daného smerovacieho protokolu nad jeho pracovnou
databazou

= QOddelena vykonna a riadiaca Cast’
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Par faktov o smerovacich protokoloch

= Principy smerovacich algoritmov:

= Distance-Vector (RIP, EIGRP)

= Smerovace si vymienaju zoznam ciefovych sieti a svojich
najlepsich vzdialenosti do nich

= Path-Vector (BGP)

= Smerovace si vymiefnaju zoznam cielovych sieti a popis cesty od
seba do ciefovej siete (napr. zoznam tranzitnych AS)

= Link-State (OSPF, IS-IS)

= Smerovace si vymienaju informacie pre vytvorenie grafovej
reprezentacie siete
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Priklady distance vector protokolov

= Router Information Protocol (RIP)
= RIP verzial - RFC 1058
= RIP verzia 2 - RFC 1388
= RIPng — RFC 2080
= Ako metriku pouzivaju Hopy
= HOP = PocCet smerovacov v ceste k cielovej sieti
= Jeden smerovac = jeden hop

= Interior Gateway Routing Protocol (IGRP) a
Enhanced IGRP(EIGRP)

= Cisco proprietarne
= Kompozitna metrika

= Delay, Load, Bandwidth, Reliability, MTU (Maximum Transfer
Unit)
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Distance and vector

------ S

Router A Router B Router C

\ Routing table ‘ \ Routing table ‘ \ Routing table ‘

= Pouzity algoritmus
= RIP: Ford-Fulkerson (Bellman-Ford)
= DUAL

= Smerovacie protokoly operuju s:
= Vzdialenost’ (Distance)
= Ako parameter urCenia najlepSej cesty do cielovej siete
= Metrika: jednoducha, kompozitna
= Vektor (Vector)
= UrCuje smer
= Vystupné rozhranie, |IP adresa nasledujuceho smerovaca
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Charakteristiky distance vector protokolov

------ S

Router A Router B Router C

\ Routing table ‘ \ Routing table ‘ \ Routing table ‘

= Charakteristiky:

= Postupné objavovanie novych sieti cez susedov
= Preberam nové cesty a tie s lepSou metrikou

= Znalost o topoldgii sa redukuje na znalost priamo pripojenych
susedov a sieti ,volakde za nimi*

= Periodické vymienanie svojich smerovacich informacii s
priamo prepojenymi susedmi

= Po iniciovani smerovacieho protokolu
= Zasielanych ako Broadcast alebo Multicast
= V update je poslana cela smerovacia tabulka

v v

= Hodnota cesty sa kumuluje na zaklade spocitavania metrik
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Budovanie smerovace] tabulky

Network
192.168.1.0

192.168.1.2

Fa0/0

192.168.2.1

192.168.2.2

Network
192.168.2.0

Fa0/0

Network
192.168.3.0

Fa0/1
192.168.3.1

Fa0/0
192.168.3.2

Network

Fa0/1
192.168.4.1

192.168.4.0

_ Router A M Router B ﬁ Router C ﬁ

Routing table

Routing table

Routing table

Network Metric | Next hop
192.168.1.0 0 -
192.168.2.0 0 -
192.168.3.0 1 Fa0/1
192.168.4.0 2 Fa0/1

Network Metric | Next hop Network Metric | Next hop
192.168.2.0 0 - 192.168.3.0 0 -
192.168.3.0 0 - 192.168.4.0 0 -
192.168.1.0 1 Fa0/0 192.168.2.0 1 Fa0/0
192.168.4.0 1 Fa0/1 192.168.1.0 2 Fa0/0
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Budovanie smerovace] tabulky

= PocCiatocné spustenie vymeny
smerovacich informacii musi byt
iniciované konfiguraciou

= Definuje protokol a rozhrania cez ktoré
komunikujeme so susedmi

Convergence Time

=
= Ciel vymeny smerovacich mformagﬁ’ ? ‘?@

= Ziskanie korektnych informacii na aw <“‘= ﬂ‘\f/' -

podporu smerovania - 7 \ﬁ/awe\

= Reagovanie na zmeny v sieti




Cisco. \" 3 3 Ciscd Netwo’ff?in'gﬂademy‘

Udrzovanie smerovacej tabulky

= Aktualnost informacie je udrzovana
= Periodické zasielanie updates
= Udalostami spustané zasielanie updates
= Casovadmi pre dané smerovacie zaznamy v smerovacej tabulke

= Udalostami riadené zasielanie updates
= Pri zmenach stavov rozhrani
= Pri vlozeni novej siete do smerovacej tabulky

Triggerad Updates

= Pri vyprsani platnosti siete v smerovacej tabulke

: 0480 Yoacs Yoatoe
= Siet sa stala nedostupnou Is Unreachable Is Unreachable Is Unreachable
- -
p P

T Router 2 Sends - opology
ed (—i’ uses
2 Routing Table
Update
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Konvergencia

= Cas reakcie siete na zmenu = KONVERGENCIA
= Zavisi od
= Rychlosti Sirenia aktualizacii

= Od Casu ich spracovania
= PrepocCitanie smerovacej tabulky

Convergence Time

T el To o

DA ST %
;:;7? /\e\%‘ Ll ’7“ N
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Smerovacie slucky

= Smerovacia slucka

= Situacia pri ktorej paket je prenasany v sluCke medzi smerovacmi
bez moznosti doruCenia

= TTL je dekrementovany, pri O je paket zahodeny
= Vznik mGze byt sp6sobeny
= Nekorektne konfigurovanymi statickymi cestami

= Nekorektne konfigurovanou redistribuciou z jedného smerovacieho
protokolu do druhého

= Pomalou konvergenciou
= Nespravne nastavenymi tzv. discard routes
= Pri sumarizacii sieti
= Problémy pri vzniku slucCiek
= VyCerpanie sietovej kapacity
= ZvySené zatazenie systémovych zdrojov (CPU)
= Nespravne smerovacie informacii a zahadzovanie paketov



Smerovacie
slucky -
Count to infinity _

= Smerovaci algoritmus
(Bellman-Ford) sa
neustali

Kazda vymena
updates zvysi metriku
cielovej siete, az do
nekonecCna

10.1.0.0

Fourting Loap

104000 Hetwor K goes dowi.

10.2.0.0

10.3.0.0

10.4.0.0

Hetwork | hiterface | Hop Hetwark | lterface | Hop Hetwork | hiterface |Hop
10.1.0.0 Fai L] 10.2.0.0 SO0 1] 10.3.0.0 001 0
10, 2.0.0 S0000 0 10.3.0.0 5001 1] —tokte Fob-d o
10, 3.0.0 S000 1 10.1.0.,0 S0010 1 10.2.0.0 s001 1
A0.4.0.0 S0A00 1 10.4.0.0 S00M 1 10.1.0.0 S0 2
Before B3 can semd an update, B2 sends an update,
10.2.0.0 10.3.0.0 10.4.0.0
| 0o “o 000 sooo Sl So0
Hetwork [ terface | Hop Metwork | Interface | Hop Hetwork | lnterface | Hop
10.1.0.0 Fadin 0 J0.2.0.0 S00.0 a 10.3.0.0 5001 0
10.2.0.0 5000 0 10, 3.0.0 S001 0 10.4.0.0 5001 2
10.3.0.0 5000 1 0. 1.0.0 S0 1 10.2.0.0 5001 1
10.4.0.0 SO0 1 10.4.0.0 S0 1 10.1.0.0 5001 -
0.1.0.0 10.2.0.0 10.3.0.0 10.4.0.0
Fal0
Hetwolk | iteiface | Hop | Hetwork | lierface | Hop Hetwork | Interface |Hop
A0 1.0.0 Fall 1 1] 10.2.0.0 S0090 1] 10.3.0.0 S0/0/1 1]
10.2.0.0 S000 1] 10.3.0.0 5001 0 10.4.0.0 $001 2
10.3.0.0 S000 1 10.1.0.0 S000 1 10.2.0.0 501001 1
10.4.0.0 S000 1 10.4.0.0 S0 1 10.1.0.0 S001 2
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Ochrana proti smerovacim sluckam

= Definovanie maxima

= Counting to infinity problem
= Updates o cielovych sietach ide do nekonecCna

= RIP = 16 hopov

= Siet dalej ako 16 hopov je povazovana za nedostupnu

Countto Infinity 10.4.0.0 is unreachable. Hop count is 16.

Each round of updates continues to increase hop count. 10.1.0.0 10.2.0.0

10.3.0.0 10.4.0.0

10.1.0.0 10.2.0.0 10.3.0.0 10.4.0.0

Network_| Interface | Hop Network | Interface | Hop | [ Network [ Interface [Hop l:';at:v';) rok I"::?; 2 HS" ':32“'3:]“ I"t:']rfgf';e Hoﬂ" :'st;“'gg‘ '"tseor:;':;e H")]"
10100 | Fadio | 0 10200 | S000 | 0 10300 | S0l | 0 A0 aly 2.0 0 -3.0. 0

10200 | sooe | o 10300 | soon | o 10.4.00 | soii | 22 10.2.0.0 50.0/0 0 10.3.0.0 S0/0/1 0 10.4.0.0 S0/0/1 16
10.3.0.0 S0/0/0 1 10.1.0.0 S0/0/0 1 10.2.0.0 S0/0/1 1 10.3.0.0 S0/0/0 1 10.1.0.0 S0/0/0 1 10.2.0.0 S0/01 1
10.4.00 | S00i0 | 24 10.4.0.0 | S0 | 23 10.10.0 | soion | 2 10.4.0.0 S0/0/0 16 10.4.0.0 S0/0/1 16 10.1.0.0 S0/0/1 2
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Ochrana proti smerovacim sluckam

= Holddown Casovace (Holdown timers)

= Zabranuje, aby sa do smerovacich tabuliek dostali zlé info o
cestach

= Ked smerovac dostane update o nedostupnosti siete
= Spusti pre siet Hold down timer
= PocCas behu HD timera
= Smerovac neprijme update o tejto sieti s horSou metrikou, len s

lepSou
- ~n r A\l L] L]
= Alebo akceptuje len update od pévodcu, ktory oznadil siet za
nedostupnu
,"7.-‘-- "\_ '/I ; -\\""
10.1.0.0 ) 10.2.0.0 10.3.0.0 [\@ )_ﬁ' 10.4.0.0
= 4
Fa0/0 S0/0/0 S0/0/0 So/oM So/0M1 n Fa
Network | Interface | Hop Network | Interface |Hop Network | Interface |Hop
10.1.0.0 Fa0/0 0 10.2.0.0 S0/0/0 0 10.3.0.0 S0/0/1 0
10.2.0.0 S0/0/0 0 10.3.0.0 So/01 0
10.3.0.0 S0/0/0 1 10.1.0.0 S0/0/0 1 10.2.0.0 S0/0/1 1
10.1.0.0 So/01 2
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Ochrana proti vzniku sluciek
= Split horizon

= Pravidlo zakazuje prijat pévodcovi smerovacieho
update informaciu o sieti, ktoru on propagoval

= Resp. prijemca update neposiela informaciu o sieti, ktoru
sa naudil cez dané rozhranie von cez to isté rozhranie

Split Horizon Rule for 10.4.0.0

R2 only athvertises 10.3.0.0 and 10.4.0.0 to R1.
Rz only acthvertises 10.2.0.0 and 10.1.0.0 to B3,

R1 only acthvertises 10.1.0.0 to R2. R3 only aidvertises 10.4.0.0 to R2.

10.1.0.0 10.2.0.0 10.3.0.0 10.4.0.0
. . . 7 ') _
Fa0:0 S0/0/0 50-‘”#%\W $0/0/1 @D‘LW—‘
| 10400 | o |

Network | Interface | Hop Network | Interface | Hop Hetwork | Interface | Hop
10.1.0.0 Fali 0 10.2.0.0 S0/0/0 0 10.3.0.0 S0/0M1 L]
10.2.0.0 S0/0/0 0 10.3.0.0 S0/0/1 1] 10.4.0.0 Fal/0 0
10.3.0.0 S0:0/0 1 10.1.0.0 S0/0/0 1 10.2.0.0 S0/0M1 1
10.4.0.0 S0/0/0 1 10.4.0.0 S0/0/1 1 10.1.0.0 S0/0:/1 2
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Ochrana proti vzniku sluciek

Poison Reverse

= Route poisoning
, . . Network 10.4.0.0 goes down.
- Otravenle Slete R3 “poisons” route with an “infinite” metric.

. Sle t,, ktO ré Sa S tane R3 sends triggered Poison Update to R2,
nedostupna, je v

10.1.0.0 10.2.0.0 10.3.0.0 10.4.0.0

IS0
smerovacom updates -
oznacena ako 16

. . ’ Network | Inmterface | Hop Network | Interface | Hop Network | Interface | Hop
= Da |ej nedostu pna 10100 | Fao0 | 0 10.200 | S000 | 0 10300 | so0i | 0
,,tymto“ smerom 10200 | 000 [ 0 103.00 | 0011 | 0 10400 | Fa00 | 16
10.3.00 | soon | 1 10.1.0.0 | soo0 | 1 10200 | sonin | 1
10400 | soon | 2 10400 | so0Ad | 1 10.1.00 | soo1 | 2

= Split horizon with
poisoned reverse Poison Reverse

R2 “poisons™ route with an “infinite” metric.

R2 sends “Poison Reverse” to R3.
10.1.0.0 10.2.0.0 10.3.0.0 10.4.0.0

0is0)
piate

s50/01

Network | Interface | Hop Network | Interface | Hop Network | Interface | Hop
10.1.0.0 Fa0i0 0 10.2.0.0 S0/00 0 10.3.0.0 01011 0
10.2.0.0 S0/0/0 0 10.3.0.0 S0/0/1 0 10.4.0.0 Fa0/ 16
10.3.0.0 S0/0/0 1 10.1.0.0 S0/0/0 1 10.2.0.0 S010/1 1
10.4.0.0 S0/040 2 10.4.0.0 S0/01 16 10.1.0.0 S0/0/1 2




CISCO. AP | . CISCO NetworklngAgademy‘

Ochrana proti vzniku sluciek
= Triggered update

= Udalostami spustané zasielania updates
= Smerovacom, ktory detekuje zmenu
= Zmenou sa rozumie
= Modifikacia stavu rozhrania
= Znepristupnenie predtym dostupnej siete
= Pripojenie novej siete
= Necaka sa do uplynutia intervalu medzi updates

Triggered Updates

Is Unreachable Is Unreachable Is Unreachable
- -
10100 10.2.0.0 10.3.0.0 10.4.0.0

Fa00 a -

S0/0/0

i E soi0 S0 i ‘a FADI0 X

Process this to Process this to

A : ’ Router 2 Sends F - Topology
Update
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Ochrana proti smerovacim sluckam

= Nezavisle od smerovacich protokolov obsahuje hlaviCcka
kazdeho IP paketu pole TTL — maximalny pocCet prechodov
cez smerovac

= Pole TTL sa znizi o 1 prechodom paketu cez smerovac
= Pri poklesnuti hodnoty TTL na O musi byt paket zahodeny

= Ak IP paket uviazne v smerovacej slucke, nebude v nej
kruzit donekonecCna

= Prejde maximalne cez 255 smerovacov

= Je dblezité nemylit si TTL a metriku, jedna sa o dve uplne
nezavisle veci

= Metrika je vec smerovacieho protokolu a sluzi na vyber najlepsSej
cesty, pripadne na jej oznamenie ako nedostupne;

= TTL riesi situaciu, Co sa ma stat' s paketom, ak uz v smerovacej
slucke uviazne
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Distance Vector smerovacie protokoly
= Pri vybere smerovacieho protokolu sa
zohladnuje
= Velkost siete
= Cas konvergencie

= Zavisi aj od velkosti siete
= Skalovatelnost
= Naroky na systéemove zdroje
= Narocnost implementacie a udrzovania
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Distance vector

= Vyhody * Nevyhody
= Jednoduchost = Pomala konvergencia pri
zmenach

= Jednoducha
konfiguracia = Obsadenie Casti kapacity
siete na update

= Smerovac nema
komplexnu znalost' siete

= Moznost vzniku
sluciek

= Jednoducha ¢innost

= Nizka naroc¢nost na
hardveér

= Ochrana voci vzniku
smerovacich sluciek

= split horizon, defin. max.
pocCet hopov, hold down
timers, spustany update
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Characteristics of Routing Protocols
_

Distance vector

Link-state v v
Classless v v v v v
VLSM support v v v v v
v v

Automatic route v _ (canbe — (can be v
summarization disabled using disabled using

no auto- no auto-

summary) summary)
Manual r.outfe v v v v v
summarization
Hierarchical
topology v v
required
Size of network Small Small Large Large Large Very large

: Composite : Path

Metric Hops Hops . Metric Cost attributes
SO EEEE Slow Slow Very fast Fast Fast Slow

time



