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Uvod do IP
smerovani



Agenda—Routing Protocols

. Co je to routing?

. Static Routes

. RIP —jiz se nepouziva

. RIPv2 —je vsSude

. IGRP - CISCO
. EIGRP - CISCO

. OSPF - standard
. 1S-IS - standard

. ODR-CISCO

. BGP

. Dalsi...
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Funkce routeru

. Routing = vytvareni map a
urceni smeru paketu

. Switching = prenos paketu
mezi interface




Smerovani: Definice problému
- Proces vyberu cesty, po které je datagram dale vyslan
* Probiha na urovni IP protokolu
* Pfrimé smérovani - v ramci jedné fyzicke site (ARP)
* Neprimé smérovani - mezi ruznymi fyzickymi sitémi, na
smerovani se podili i router (vysilajici pocCitaC musi znat
adresu aspon jednoho routeru)
» Uzly zacCinaji s minimalni smérovaci informaci a prubézné se
uci od GW. V posledni dobé spise pfiklon k zadani pouze

default gateway

» PoditaC muze byt uzel (host) i GW.



Smeérovani

10.120.2.0 S . . 172.16.1.0

5,
=

—

Router pro smérovani musi provadet nasledujici:

.Znat cilovou adresu (sit)

.Znat zdroje, od kterych se muze ucit
.Nalézt mozné cesty

-Vybrat nejvhodngjsi cestu

.Udrzovat a kontrolovat smérovaci informace



Smeéerovaci tabulka
10.120.2.0 e 172.16.1.0

=1

Network |Destination Exit
Protocol Network Interface - Obsah tabulek je

Connected| 10.120.2.0 EO . , :
Learned |172.16.1.0 SO zadavan bud' staticky
nebo dynamicky

=

B 4




Mechanismus smeérovani

Paket flow

Instalovany Vyhledan
smer-admin nejdeli prefix

— | -




Co je to RIB a FIB ve smerovacich

-€ BGP 4 Routing Table

OSPF - Link State Database

Forward Table (FIB)
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IP route lookup: pres nejdelsi prefix

- na bazi cilové IP adresy
All 10/8 except

R3
Packet: Destination - 10.1/16
IP address: 10.1.1.1

-

R1 R2 ~—~_ R4

—aa

10/8 — R3

10.1/16 — R4 10.1/16
20/8 — R5
30/8 — R6

R2’s IP routing table



IP route lookup: pres nejdelsi prefix

- na bazi cilové IP adresy

R3
All 10/8 except
Packet: Destination e 10.1/16 P
IP address: 10.1.1.1

¥ o
"
R1

R2 R4
10/8 — R3 10111&&FF000 10.1/16
10.1/16 — R4 Match!
20/8 — RS 10000&&FF000

30/8 — R6

R2’s IP routing table



IP route lookup: pres nejdelsi prefix

- na bazi cilové IP adresy

R3
All 10/8 except
Packet: Destination e 10.1/16 P
IP address: 10.1.1.1

F o

== 3

R4

R1 R2
10/8 — R3 10.1/16
10.1.1.1 && FF.FF.0.0
10.1/16 — R4 Vs Match as well!

20/8 - RS

30/8 —» R6 10.1.0.0 && FF.FF.0.0

R2’s IP routing table



IP route lookup: pres nejdelsi prefix

- na bazi cilové IP adresy

Packet: Destination -

IP address: 10.1.1.1
o
R1 R2 —~_ R4

—a—

10/8 — R3
10.1/16 — R4

20/8 — R5 10.1.1.1 && FF.0.0.0

30/8 — R6 VS.
20.0.0.0 && FF.0.0.0

R2’s IP routing table

All 10/8 except
10.1/16

10.1/16

Does not match!



IP route lookup: pres nejdelsi prefix

- na bazi cilové IP adresy
R3
Packet: Destination \-d

All 10/8 except

10.1/16
IP address: 10.1.1.1
y oo
R1 R2 ~_ R4
-
10/8 — R3 10.1/16
10.1/16 — R4
20/8 — RS 10.1.1.1 && FF.0.0.0
VS. Does not match!
30.0.0.0 && FF.0.0.0

R2’s IP routing table



IP route lookup: pres nejdelsi prefix

- na bazi cilové IP adresy

R3
All 10/8 except
Packet: Destination e 10.1/16 P
IP address: 10.1.1.1
o

R1 R2

10/8 — R3 10.1/16
4— Longest match, 16 bit netmask

20/8 = R3S
30/8 — R6

R2’s IP routing table



FIB tabulka s AD

V
Network # | Interface | Next Hop Metric Source

198.113.181.0 m 192.150.42.177 [170/304793] m D
ermame0 | Ehemew | to2tsnazi7r | o | ozosso | o

192.168.96.0 m 192.150.42.177 [120/3] 00:00:20 R

192.168.97.0 Ethernet0




Default Administrative Distance

Route Source Default AD

Connected Interface 0
Static Route 1
EIGRP 90

IGRP 100

OSPF 110

RIP 120

External EIGRP 170

Unknown 255 (no traffic)




Vytvareni smerovaci tabulky

. Hardware urceno
~ primo pripojeneé sité
. Static

Routy jsou manualné determinovany

. Dynamic
Routy jsou naucené ze dynamického smerovaciho

protokolu

S—&



Statickeé cesty

. Routy jsou urCeny staticky

. Obvykle to byva jeden nebo malo

. Vetsinou to byva na kraji site

. Zodpovednost je na administratorovi

. NejCasteji se realizuji pro default route



Statické cesty

—

-gh-

Do smerovaci tabulky zadany administratorem
manualne



Staticke cesty- uziti

Stub Network

| % % ."'Isu

Network

| % __ 172.16.2.2 172.16.2.1

Point to point spojeni do a od siti, ze kterych vede pouze
jedno spojeni (tzv. stub network, nekdy nazyvané take jako
‘leaf node’)



Statické smerovani-konfigurace

Router(config)# ip route network mask {next_hop | interface}
[distance] [permanent]

Stub Network

== o

Network

a 172.16.2.2 172.16.2.1
L

A\ 4

ip route 172,16.1.0 255.255.255.0 172.16.2.1

Toto je pouze cesta jednim smérem. Nesmime zapomenout
nakonfigurovat cestu i smerem druhym.

staticka cesta na next-hop ma adm. distance 1

staticka cesta na interface ma adm. distance 0

zménou “distance” lze vytvorit “floating static” cestu

“permanent” - cesta nezmizi ze smer. tabulky, ani kdyz spadne odchozi interface

next_hop — obvykle v broadcast mediu
Interface — point to point interface



Defaultni cesta-konfigurace

Lokalni
ip route 0.0.0.0 0.0.0.0 {next_hop | interface}
[distance] [permanent]

@ 172.16.1.0— l

SO
fﬂetuv;n Jk I‘E’I .G'EE!DI ul

\J/ 172.16.2.2 172.16.2.1

__Stub Network

ip route 0.0.0.0 0.0.0.0 172.16.2.2




Vypis smerovaci tabulky

Router# show ip route

Codes: C - connected, S - static, | - IGRP, R - RIP, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, |A - OSPF inter area
E1 - OSPF external type 1, E2 - OSPF external type 2, E - EGP
| -1S-18, L1 - 18-S level-1, L2 - IS-IS level-2, * - candidate default
U - per-user static route

Gateway of last resort is 0.0.0.0 to network 0.0.0.0

S 193.85.158.0/24 [1/0] via 193.86.0.71

193.86.239.0/24 is variably subnetted, 6 subnets, 5 masks
c 193.86.239.10/32 is directly connected, Serial1
S 193.86.239.0/24 is directly connected, Serial1
C 193.86.0.0/24 is directly connected, Ethernet0
S 204.231.196.0/24 [1/0] via 193.86.0.91
S* 0.0.0.0/0 is directly connected, Serial0




Problem statického smerovani
———

-.Cesty se dynamicky nemeni, je nutno napsat
dalSi mozné cesty podle zmen site.



Dynamické smerovani —
smerovaci protokoly

* Routery pakety prepinaji a forwarduji na bazi layer 3 logické adresy

» Routing protokoly periodicky obnovuji informace o cestach a vytvariji
si logickou mapu site

« Kazdy routing protokol nabizi rozdilne vlastnosti a jeho nasazeni by
melo byt optimalizovano dle potreb sité

Ja znam : Ja znam:
Network A Network X
Network B Network Y
Network C Network Z
A Routing Update X

@— Y
C / Vyména informaci o sitich \ Z



Ukoly pro smérovaci protokoly

Optimalizace cesty . Optimalizace prfenosu v pripade

Zabranéni smérovacim smyckam zmeny topologie

Rychle konvergence . Snadna rozsiritelnost

Snadna administrace . Kompatibilita s jinymi routery a
hosty

Maly update trafik _

T D e , . podpora variable length subnet
O,{)’tlrr:]allzovany pocet informaci o masks a discontiguous subnets
sitic
podpora hierarchické topologie
Snadna konfigurace

Podpora policy routing



Smerovaci protokoly — interni a

externi

IGRPs: RIP, IGRP,
EIGRP, OSPF EGPs: BGP

¥ l

Autonomni system 100 Autonomni system 200

.Interni smeérovaci protokoly (IGP)- protokoly
pouzivané k vymenée smérovacich informaci uvnitf
autonomniho systému. Napfriklad RIP ,OSPF,IGRP,
EIGRP

.Externi smérovaci protokoly (EGP)- pouzivané mezi
autonomnimi systémy. Nejpouzivanejsim protokolem
EGP je BGP



Typy IGP: Distance Vector a Link State

Distance Vector

Link State

Distance vector (Bellman-Ford): jednotlivé routery periodicky vysilaji obsah svych smérovacich
tabulek a na jejich zakladé si své tabulky upravuji (aktualizuji), €ili “vSechny informace svym
sousedum”.

Link State (SPF): jednotlivé routery si zasilaji pouze informace o stavu linek, na néz jsou
bezprostifedné pripojeny, pak se pocita nejkratsi cesta, Cili “informace o svych sousedech

vSem”.




Zakladni parametry IGP —metrika

A

Metrika je hodnota, kterou smerovaci
protokoly pouzivaji k hodnoceni
ruznych cest vedoucich k cily. Kazdy
protokol se fidi jinymi faktory.

Hop count
Bandwidth
Delay
Reliability
Load

MTU

Cost



Dalsi deleni IGP- Classful protokoly

Classful routing protokoly neposilaji masku podsitée
s informacemi o dostupnych sitich

V ramci jedné site je predpokladana stejna délka
masky podsité (tj. neni podporovana VLSM)

Mezi jednotlivymi sitemi jsou posilany sumarizovane
cesty (na hranicich tridnich siti dochazi k
autosumarizaci)

Priklad classful routing protokolu: RIP v1, IGRP- uz
se prakticky nepouzivaji



Dalsi déleni IGP- Classless
protokoly

V informacich o dosazitelnych sitich posilaji
masku podsite

Podporuji variable- lenght subnet mask (VLSM)

Sumarizace muze byt manualné kontrolovana

Priklad classless routing protokolu: RIPv2,
EIGRP, OSPF, IS-IS



Variable Length Subnetting (IP)

172.16.40.1
255.255.255.0

172.16.1.4
255.255.255.252

172.16.1.8
255.255.255.252

A
172.16.50.1

.@‘— 255.255.255.0
95

A3

\ 172.16.1.12
255.255.255.252

255.255.255.0

.@' 172.16.60.1




Classless smerovani a podsite

192.168.5.129 /27
Pozadavek na pouze | g

dveé IP adresy idealne
splnuje pouziti VLSM
< 51

192.168.5.210 /30

EO E1
192.168.5.33 /27 192.168.5.65 /27

S0 192.168.5.209 /30

.Router muze mit na rozhrani v ramci jedné tfidni sité IP
adresy s ruznymi délkami subnet masek
. VLSM je

podporovano

. Tento pristup dovoli maximalne efektivne vyuzit
pridelenych IP adres



Distance Vector

Net A Net D

Distance Vector (Bellman-Ford): jednotlivé routery
periodicky vysilaji obsah celych svych smérovacich tabulek
svym sousedum a na jejich zakladé si své tabulky upravuji
(aktualizuiji), €ili “vS8echny informace svym sousedum”



Distance Vector

Router si udrzuje vSechny znamé routy v tabulce
ve formeusporadanych trojic (N, G, D), kde:* N je
cilova sit, G adresa nasledujiciho routeru a D
vzdalenost do cilové site- metrika (napr. RIP - hop
count)

Tabulky se upravuji tak, aby se smerovalo nejkratsi
cestou(existuje nova, nebo kratsSi cesta, delka cesty
pres router,od kterého update prisel, se zménila)

Problemy: pomala konvergence, prilis mnoho
rezijnich dat



Distance Vector- metrika

A
g IGRP

Bandwidth
RIP Delay
Hop Count —
Reliability
MTU
:



RIP Metric
Hops

1 Hop




Distance Vector- problematika

Routing Table Routing Table Routing Table
10.1.0.0, EO 0 10.2.0.0| SO 0 10.3.0.0, SO 0
10.2.0.0, SO 0 10.3.0.0| 31 0 10.4.0.0| EO 0
10.3.0.0| SO 1 104.0.0, S1 1 10.2.00| SO 1
10.4.0.0, SO 2 10.1.0.0| SO 1 10.1.0.0, SO 2

« Kazdy uzel udrzuje informace o nejkratsi cesté k
cilove siti a jeji metrice



Distance Vector- problematika vzniku
nespravnych udaju ve smeérovani

Routing Table Routing Table Routing Table
10.1.0.0, EO 0 10.2.0.0| SO 0 10.3.0.0| SO 0
10.2.0.0| SO 0 10.3.0.0 S1 0 10.4.0.0| EO |[Down
10.3.0.0| SO 1 10.4.0.0| S1 1 10.2.0.0| SO 1
10.4.0.0| SO 2 10.1.0.0| SO 1 10.1.0.0| SO 2

« Pomala konvergence zapfiCini nespravnych udaju
ve smerovacich tabulkach



Distance Vector- problematika vzniku
nespravnych udaju ve smeérovani

Routing Table Routing Table Routing Table
10.1.0.0| EO | O 10.2.0.0| SO | 0 10.3.0.0| SO O
10.2.0.0| SO 0 10.3.0.0, S1 0 10.4.0.0( SO 2
10.3.0.0| SO 1 10.4.0.0| 351 1 10.2.0.0| SO 1
10.4.0.0| S0 | 2 10.1.0.0, SO | 1 10.1.0.0| SO0 | 2

Router C usoudi, ze nejlepsi cesta do site 10.4.0.0 je
pres router B.



Distance Vector- problematika vzniku
nespravnych udaju ve smeérovani

Routing Table Routing Table Routing Table
10.1.0.0| EO | O 10.2.0.0 SO | O 10.3.000 S0 | O
10.2.0.0, S0 | O 10.3.0.0| S1 0 10.4.0.0| SO0 | 2
10.3.0.0, SO0 | 1 10.4.00 S1 3 10.2.0.0, SO0 | 1
10.4.0.0 SO0 | 4 10.1.0.0| SO | 1 10.1.0.0| S0 | 2

* Router A opravi svoji smerovaci tabulku - chybne



Distance Vector- problematika vzniku
nespravnych udaju ve smeérovani

Routing Table Routing Table Routing Table
10100 EO | © 10.2.00| S0 | O 10.3.0.0| SO | 0
10.2.0.0 SO0 | 0 10.3.0.0| S1 0 10.4.0.0| SO | 4
10.3.0.0 SO0 | 1 10.4.0.0| S1 5 10.2.0.0| SO | 1
10.4.00 S0 | 6 101.00 SO0 | 1 10.1.00, SO | 2

» Metrika pro sit 10.4.0.0 roste do nekonecna.



Distance Vector- maximalni hodnota
metriky

Routing Table Routing Table Routing Table
10.1.0.0| EO 0 10.2.00| SO 0 10.3.00| SO 0
10.2.0.0| SO 0 10.3.0.0| S1 0 10.4.0.0| SO 16
10.3.0.0| SO 1 10.4.0.0| S1 16 10.2.0.0| SO 1
10.4.0.0| SO 16 10.1.00| SO 1 10.1.00| SO 2

Count to Infinity
Definice nekonecné metriky jako konkretniho Cisla (napr. 16
hopu).

* Pro zamezeni tvoreni ‘nekonecnych’ smerovacich
smycek je definovana maximalni hodnota metriky (v
pripadé RIP protokolu maximalni po¢et smérovacu od uzlu
kK cilové siti)



Distance Vector- smérovaci smycky

Packet for
Network 10.4.0.0
Routing Table Routing Table Routing Table
10.1.0.0, EO 0 10.2.0.0| SO 0 10.3.0.0| SO 0
10.2.0.0| SO 0 10.3.0.0| S1 0 10.4.0.0| SO 2
10.3.0.0|, SO 1 10400, S1 3 10.2.0.0, SO 1
10.4.0.0, SO 4 10.1.0.0| SO 1 10.1.0.0| SO 2

Paket pro sit 10.4.0.0 skace mezi routery B a C (smycCka)



Distance Vector- feSeni problému -
Split Horizon

Routing Table | Routing Table Routing Table
10.1.0.0) EO 0 10.2.00| SO | O 10.3.00 SO | O
10.2.0.0 SO 0 10.3.0.0| S1 0 104.0.0| EO 0
10.3.0.0 SO 1 10.4.0.0| S1 1 10.2.0.0| SO 1
10.4.0.0, S0 2 10.1.00| SO0 | 1 10.1.00 SO | 2
Split Horizon

cesty Kk sitim se nezasilaji zpét pres interface, kterym prisly.



Distance Vector- feSeni problému —
Poison Reverse

Poison
Reverse
Routing Table Routing Table Routing Table
10.1.0.0, EO 0 10.2.0.0 SO 0 10.3.0.0| SO 0
10.2.0.0, SO 0 10.3.0.0 S1 0 10.4.0.0| SO |Infinity
10.3.0.0( S0 | 1 10.4.0.0 S1 (Pgssibly 10.2.0.0( S0 | 1
10.4.0.0, SO 2 10.1.0.0 SO 1 10.1.0.0| SO 2

Poison Reverse
Silngjsi forma “split horizon™ - informace o sitich se zpét
posilaji jako “unreachable’.




Distance Vector- feSeni problému —
Holddown Timers

Update After
Holddown Time

Network 10.4.0.0
Is Unreachable

7 Update After
Holddown Time

Holddown Times

Prijaté zmeny k horsimu se neavizuji ihned a soucasne se po
urcitou dobu informace ani neprijimaji.

* spusteni Casovace v pripade zavedeni nove cesty do
tabulky (180s).Nedorazi-li v limitu pro tuto cestu alespon
jedna dalsi smerovaci informace (s metrikou stejnou nebo
lepSi nez byla puvodni hodnota),cesta ztraci platnost.



Distance Vector- feSeni problému —
Triggered Updates

Network 10.4.0.0 Network 10.4.0.0 Network 10.4.0.0
Is Unreachable Is Unreachable Is Unreachable
+— +— +—

10.1.0.0 _ 10.3.0.0 & 10.4.0.0

Trigger Update
Je-li potreba poslat zmenu, neCeka se az uplyne ohlasovaci
perioda.

- kdykoliv router zméni metriku néjaké cesty, vysle novou
smeérovaci informaci okamzité — nec¢eka na interval
bézného update



Hlavni zastupce RIP- V2

. RFC 1723

. Variable length subnet masks

. Mozna sumarizace

. Classless InterDomain Routing (CIDR)
. Multicast routing updates

. Authentifikace update s uzitim MD5



RIP casovace

. Update = 1x 30 sec
. Invalid = 3x 90 sec
. Holddown = 3x 90 sec

Flush = 7x 210 sec

Net A Net D




Kdy pouzivat RIP 7?

. Potrebuji rychlou implementaci

. Dobre pro stabilni linky

. Dobreé pro male site

. routed demon je témer vsude

. Vhodny pro multivendor prostredi

. Neni prilis vhodny pro redundantni site



Zahlavi RIPu verze 2 - Multicast

Command Verze Vyhrazeno
(request, response) (musi byt nula)
Address Family Identifier (pro IP ma Route Tag
hodnotu 2)

IP adresa sité

Podsitova maska

Next hop
(pokud je 0.0.0.0, potom se ma posilat pres autora updatu)

Metrika




Konfigurace RIP

Router(config)# router rip ouze primo
Router(config-router)# network network-num pripojene site v

pouze pfimo

- Priklad

172.16.1.0

172.16.1.1 10111 101.1.2

router rip
network 172.16.0
network 10.0.0.0

.0

A4

tridnim tvaru

192.168.1.0

10.2.2.2 10.2.2.3 192.168.11

router rip
network 192.168.1.0
network 10.0.0.0

router rip
network 10

.0.0.0




Kontrola konfigurace RIP

172.16.1.0

172.16.1.1 10.1.1.1 10.1.1.2

RouterA#ishow ip protocols
Routing Protocol is "rip"

EO %52 52%53 53 %EU

10.2.2.2 10.2.2.3 192.168.1.1

Sending updatas every 30 seconds, next due in 12 seconds
Invalid after 180 seconds, hold down 180, flushed after 240

Outgoing update
Incoming update

Redistributing: rip

Default version contreol:
Interface Send Recv
Ethernaet0 1 12
Serial2 1 12

Routing for Networks:
10.0.0.0
172.16.0.0

Routing Information Sources:
Gateway Distance
(this router) 120
10.1.1.2 120

Distance: {(default is 120)

filter list for all interfaces is
filtar list for all interfacas is

send version 1, receive any version
Triggered RIP Key-chain

Last Update
02:12:15

01:09:01

192.168.1.0




Vypis smerovaci tabulky

EO S2 S2 S3 S3 EO

172.16.1.0 192.163.1.0

172.16.1.1 10111 10.1.1.2 10.2.2.2 10.2.2.3 192.168.1.1

ReuterAfishow ip reoute
Codes: C - connected, 3 - static, I - IGEF, KR - RIP, M - mobila, B - BGF
D - EIGRF, EX - EIGRFP external, O - OSPF, IA - OSFF inter area
N1l - OSPF H35A external typae 1, HZ2 - OSPF H535A external type 2
El - OSPF external type 1, E2 - OSPF external type 2, E - EGP
i - I5-I5, Ll - I5-I3 level-1, L2 - IS-I5 laevel-2, * - candidate
dafault
U - par-user static route, o - ODR
T - traffic engineared routa

Gateway of last resort is not sat

172.16.0.0/24 is subnetted, 1 subnets
= 172.16.1.0 is directly connected, Ethernaetl
10.0.0.0/24 i=s subnetted, 2 subnets
10.2.2.0 [120/1] wia 10.1.1.2, 00:00:07, Saerial2
10.1.1.0 is directly connected, Serial?
192.168.1.0/24 [120/2] via 10.1.1.2, 00:00:07, Serialz

mom




172.16.1.0

1721611 10111 1011.2  10.2.2.2 10.2.2.3 192.168.1.1

Kontrola ¢innosti RIP

E0 4" S2 $2 g7 S3 S3 gy EO
192.168.1.0

06:
06:
06:
06:
06:
06:
06:
06:

24:
24:
24
33:
34:
34:
34:
34:

RouterAffdebug ip rip

RIP protocol debugging is on
RouterA#
00:
00:
00:
00:
00:
00:
00:
00:

RIP:

RIP:

RIF:

received vl update from 10.1.1.2 on SerialZ

10.2.2.0 in 1 hops

192.168.1.0 in 2 hops

sending vl update to 255.255.255.255 via Ethernet0 (172.16.1.1)
network 10.0.0.0, metric 1

network 192.168.1.0, metric 3

sending vl update to 255.255.255.255 via Serial2 (10.1.1.1)
network 172.16.0.0, metric 1




Co to je sumarizace route ?

Sumarizace zmenSuje pocet zaznamu v routovacich
tabulkach- snizuje naroky na CPU, pamet a sirku
pasma

|zoluje topologické zmeny v rozsahlych sitich do
oblasti, mimo tyto oblasti nedochazi pfi zmene topologie k
prepocitavani routovacich tabulek

Nejefektivnéjsi v sitich pri pouziti subnettingu, jeden
zaznam pak muze reprezentovat nékolik siti (pocCet
siti musi byt mocninou Cisla 2)

Manualni sumarizace podporovana classless protokoly-
RIPv2, OSPF, IS-IS, EIGRP)

Automaticka sumarizace na hranicich tridnich siticlassful
protokoly RIPv1, IGRP

Route Summarization- RFC 1518 An Architecture for
IP Address Allocation with CIDR



172.16.40.1
255.255.255.0

Nesouvisly |IP Subnet-

192.168.1.8
255.255.255.252

A

N

A3

172.16.50.1

@— 255.255.255.0
192.168.1.4 -3

255.255.255.252

192.168.1.12
255.255.255.252

255.255.255.0

.@' 172.16.60.1




Co to je sumarizace ?

10.1.128.0 /20

10.1.32.64 /26

@ —| 10.1.32.0 /24

10.1.32.128 /26

Corporate
Network

10.1.0.0 16

10.1.64.0 /120



Co je problematika automatické
sumarizace — RIP a EIGRP

192.168.14.16

255.255.255.240
172.16.5.0/24 172.16.6.0/24

172.16.7.0/24 &= 4 172.16.9.0/24
-~ s -
A - =
C

EIGRP advertises EIGRP advertises
172.16.0.0/16 172.16.0.0/16

* EIGRP na routeru A i routeru B inzeruje cestu do site
172.16.0.0/16.

* Router C obdrzi dve cesty do site 172.16.0.0/16.

* Router A nebo B, nebo oba, by mély byt nakonfigurovany
nesumarizovat



Jeste problematika automatickée
sumarizace - pokr.

Defaultni chovani RIPv2

172.16.2. Df!-fl% 172.16.1. Dfﬂd-% 192.168.5.0/24 ?

172.16.2.0 172.16.0.0

Routing Table
172.16.0.0/16

Routing Table
172.16.2.0/24
172.16.1.0/24

OSPF sit’
1?2.15.2.0:24% 172.16.1 .m24% 192.168.5.0/24 é

—1 172.16.2.0/24 —] 172.16.2.0/24
—1 172.16.1.0/24




Prikaz no auto-summary

RIPv2 s prikazem ‘no auto-summary’

172.16.2.0/24 172.16.1.0/24 192.168.5.0/24

—1172.16.2.0/24

172.16.1.0/24

172.16.2.0/24 || Routing Table
172.16.2.0/24
172.16.1.0/24

Routing Table
172.16.2.0/24
172.16.1.0/24

OSPF sit’

172.16.2.0/24

172.16.1.0/24

192.168.5.0/24

—1 172.16.2.0/24

172.16.2.0/24
172.16.1.0/24

| L




Co jsou Link State smerovaci
protokoly 7

Link State (SPF): jednotlivé routery si zasilaji pouze
Informaci o stavu linek, na nez jsou bezprostredne
pripojeny, pak se pocCita nejkratsi cesta, Cili “informace
o svych sousedech vsem”

Kazdy router ma kompletni mapu a testuje pouze
dosazitelnost svych bezprostfednich sousedu

Kdykoliv router na zaklade prijaté informace zjisti
zmeénu stavu linek, spusti Dijkstruv algoritmus pro
vypocet nejkratsi cesty

Vyhodou je zarucCena a rychla konvergence

Nevyhodou muze byt vetSi narok na CPU a pamét



Topologick
databaze

‘/-'"

é/

-

Link State

~—

N

/-"

Zpravy o stavu

SPF
Algoritmus

spojeni - Link
State paket

SPF strom

7

Sméerovaci
tabulka




Link State Routing

. Vyhledani souseda

. Kalkulace LSP
. Distribuce LSP

. Vypocet routes

. Pokud néektera sit' je down
Novy LSPs flooded
VSsechny routery prepocitavaji routing tabulku



Link-State protokoly- hiearchie

Backbone Area
o, wal

-
B
- -
- .
D E
-~ -
G H

/External - -
Routing |\ =
. Domain

Autonomous System

Minimalizace zaznamu ve smérovacich tabulkach

Topologicke zmeny uvnitr jednotlivych oblasti nemaiji viiv
na smerovace z jinych oblasti Link-State protokoly-
hiearchie



Topology/Link State Database

. Router ma separatni LS database
pro kazdou area do ktere patri

. VSechny routery patrici do té same
area maji identickou databazi

. SPF kalkulace je realizovana
separatne pro kazdou area

. LSA flooding je ohraniCen area

. Router ID je generovano interface
nebo prikazem



Nejzamejsi predstavitel Link-
State - OSPF (Open Shortest
Path First)

. Dynamicky routing

protokol . Rychla konvergence
. Link state nebo SPF . Variable-length
technology subnet masks

. Rozsifeni OSPF pracovni | Discontiguous subnets
skupinou IETF (RFC

1253) . Bez periodic updates
. Intra-autonomous system . Route authentication
(IGP) . Implementovano 2 roky po
GRP

. Desing specialné pro
TCP/IP Internet prostredi



OSPF Metrika

. Je derivovana z bandwidth
100 = bandwidth

56-kbps serial link = 1785 64-kbps serial link = 1562
T1 (1.544-Mbps serial link) = 65 E1 (2.048-Mbps serial link) = 48
4-Mbps Token Ring = 25 16-Mbps Token Ring = 6

Ethernet = 10 Fast Ethernet / FDDI = 1

. Je mozno ji konfigurovat
Interface sub-command: bandwidth
Interface sub-command: ip ospf cost

Router sub-command:
ospf auto-cost reference-bandwidth

Default = 108



OSPF pakety

89—O0SPF
6—TCP
17—UDP
Frame Payload C
Frame
IP Protocol R
B Header Number Packet Payload C

Vyuziva IP paketu pro pfenos smérovacich
informaci

Pouziva Protocol Number 89



OSPF- typy paketu

2 Database Description

9 Link-State Request

4

5 Link-State Acknowledgement



OSPF hello pakety

-navazuji a udrzuji vztahy mezi routery
*posilany kazdych 10sec

. __f ) ‘__ "r_ -
- - o e fuuter ID N

U Hello/dead intervals X
39547439070713 Nei g h bﬂ I's
Area-ID X
Router priority

R Hello DR IP address
=== BDR IP address
Authentication password X

@ub area flag Xk /

* Zaznam musi byt shodny na sousednich smérovacich.



OSPF casovace

Hello = 10s /‘

hello-interval

Hello timers supersede
keepalive timers

Neighbor down = 4 x hello

dead-interval

Mezi LSA resends = 5s
>RTT
retransmit-interval

Time pro posilani update = 1s
transmit-delay

Cas mezi spusténim spf
=10s

timers spf




Navazani vztahu (adjacency) -
DR a BDR

‘]]I‘ DR- Designated Router

BDR- Backup Designated Router

.GE*’ .GE*' S >

&>

Problém broadcast siti — hodné HELLO paketu protoze
je hodné sousedll — vybér DR a BDR

*Hello pakety je pro kazdy segment zvolen jeden DR a
jeden BDR

*Kazdy smerovac pak vytvori sousedni vztahy pouze s DR
a BDR



Jak se DR a BDR voli ?

_P=3 P=2

Hello

~52‘5 ~Z§

P=1 P=1 P=0

- Hello pakety jsou posilany jako multicasty

* Router s nejvyssi OSPF prioritou je zvolen jako
DR, druhy nejvyssi jako BDR



|dentifikace routeru v OSPF — RID

Cislo pod kterym je router identifikovan v OSPF
automaticky : nejvyssi IP adresa na aktivnim rozhrani

lepsi je zménit na LOOPBACK interface

Router(config)# interface loopback 0
Router(config-if)# ip address A.5.C.O MMMM




OSP v point-to-point spoji

-_——

-Router automaticky zjisti svého souseda pomoci Hello
protokolu

*Nevoli se DR a BDR- routery vytvofi ‘adjacency’ spolu
*OSPF pakety jsou vzdy posilany jako multicasty na
224.0.0.5



LSA —Link State Advertisements

. LSA typ 1 — jakykoliv router (RID,pocCet
linek,popis linek)

. LSA typ 2 — posila RD o segmentu ktery
zastupuje (NET,pripojené routery RID)

. LSA typ 3/4 — posila ABR router mezi AREA

. LSA typ 5 - posila ASBR informaci o externi
route



Problematika rozsahlych OSPF siti

OSPF hemam €as smérovat.

=

" SPF probiha piilié Eastnj

fPuuze dostavam B
LSA, Zadna data.

——

" Ma smérovaci tabulka je prilis
velika, mam nedostatek paméti




Reseni: hiearchické smérovani

Autonomous System

V jednom AS nekolik oblasti
Minimalizuje posilani smérovacich
informaci



Klasifikace OSPF routeru

Autonomous System
Boundary Router

Backbone Routers

Internal
Routers



Konfigurace OSPF (pro area 0)

‘ Router (config)# router ospf pr:::rcess-fd\

* Spusti smerovaci protokol OSPF na routeru

Router (config-router)# network address wildcard-mask area area-id

* Spusti protokol OSPF na prislusném rozhrani

wildcard-mask = ,,obracena‘“ network mask



Priklad konfigurace OSPF (pro area 0)

Token
Ring

1.4.0.0/16 |

192.168.1.0/24

1.1.0.0/16 \

router ospf 1

network 1.1.0 0 0.0.255.255 area 0
network 1.4.0.0 0.0.255.255 area 0
network 192.168.1.0 0.0.0.255 area 0




Priklad alternativnich konfiguraci
OSPF

131.108.25.1 131.108.3.7

-

router ospf 63 131.108.2.26
network 131.108.25.1 0.0.0.0 area 0
network 131.108.3.7 0.0.0.0 area 0

network 131.108.2.26 0.0.0.0 area 0

router ospf 63
network 131.108.0.0 0.0.255.255 area 0

router ospf 63
network 0.0.0.0 255.255.255.255 area 0




Zmena metriky

Data

E—
e_______.z________‘e Token
Ring

Router (config-if)# ip ospf cost cost

* Prirazuje urcCitou metriku vystupnimu rozhrani
administratorskym zasahem



Priklad konfigurace OSPF -
multiarea

Area 0 ABR Area l
EO 10.64.0.2

|

<Qutput Omitted>
interface Ethernet0

ip address 10.64.0.1 255.255.255.0 ip address 10.64.0.2 255.255.255.0
! !

<Output Omitted>

interface Ethernet(

<Qutput Omitted>

interface Seriall
router ospf 77

ip address 10.2.1.2 255.255.255.0
<Output Omitted>

router ospf 50

network 10.2.1.2 0.0.0.0 area 1

network 10.64.0.2 0.0.0.0 area 0

network 10.0.0.0 0.255.255.255 area 0




Kontrola OSPF konfigurace

Router#
show ip ospf border-routers

Vypise ABR a ASBR routery v OSPF AS

Router#
show ip ospf process-id

Statistiky o kazdé oblasti, ke které je router pripojen

Router#
show ip ospf database |

Vypise obsah OSPF link-state databaze




OSPF — dalsi kontrolni prikazy

show Ip protocols
show ip ospf interface
show ip ospf neighbors
show ip ospf database

debug ip ospf events



Protokol IS-IS - Intermediate
System-to-Intermediate System

. Intradomain Open System Interconnection
(OSI) dynamic routing protocol

. OSI Connectionless Network Service (CLNS)

. Popis v ISO 8473,1SO 9542,1ISO 10589
(CLNP,ES-IS,IS-IS)

. OSI CLNS is a network layer service similar to
IP service

. IS-IS routing protocol link-state protocol



Smeérovaci protokol IS-1S

I
- =~

-
-
~

Area 49.001 / >, Area 49.0002

& &

Level-1
Routing

= S

" Level-1
Routing

-
-~ -
I

Jako OSPF, 2-level routing hierarchy

— Uvnitr area: level-1
— Mezi areas: level-2

- Level 1-2 Routers: Level-2 routers may also participate in L1

routing 92



Protokol |S-IS

. Hierarchical routing

. Classless behavior

. Rapid flooding of new information
. Fast Convergence

. Very scalable

. Flexible timer tuning



1S-IS konfigurace

Router A Router B
4191234 111111111111 491234 . 2222 2222 2222

el el

A 10.3.3.0 2 e
Router A Router B
interface ethernet O interface ethernet O
ip address 10.3.3.1 255.255.255.0 ip address 10.3.3.2 255.255.255.0 ip
ip router isis router isis
interface ethernet1 interface ethernet1
ip address 10.1.1.1 255.255.255.0 ip address 172.16.1.1 255.255.255.0
ip router isis ip router isis
router isis router isis

net 49.1234.1111.1111.1111.00 net 49.1234.2222.2222.2222.00



Kontrola rozesilani smérovacich
iInformaci



Zmena administrativni vzdalenosti

 Pro RIP, IGRP, OSPF

Router(config-router)#distance weight | address-mask | access-list-number | namel]

e Pro EIGRP

Router(config-router)#distance eigrp /nternal-distance external-distance




Omezeni zasilani smeérovacich
iInformaci

.
Jak mohu omezit
rozesilani routing

lupdates na néktere z

_techto linek??

-
.

v
P
i,
.
e
k- e
N

\

o -
e

—

-

1TZ16.T 2

172.16.7.1

172.16.9.1

172.16.1.1

B4Kb

172.16.6.1 172.166.2

172.16.12.1 I

1T2A16.5.

17216114

172.16.10.1

: - —_—
—

? _]

o>

«Passive interface
eDefault routes
«Static routes

*Route Filters (Distribute list)



Passive interface

S
Router(config)#router igrp 100 — J
Router(config-router)#passive-interface bri0 %

Neposila routing updates na specifikované !

rozhrani adm
U RIP a IGRP protokolu router stale dostava L\J
routing updates na dané rozhrani

U EIGRP a link-state protokold router nedostava #IED
routing updates na dané rozhrani —
Prikaz passive-interface default aplikuje passive-

Interface na vsechny rozhrani (od I0S ver 12.0)



Konfigurace distribute - listu

Pro odchozi rozhrani:

Router (config-router) #

distribute-list {access-list-number | name} out
[interface-name | routing—-process | [autonomous-system
number] ]

Pro prichozi (prijimajici) rozhrani:

Router (config-router) #

distribute list {access-list-number | name} in [type number]]

» K povoleni/ zakazani publikovanych siti pouzit accesss list.

 Access list muze byt aplikovan na prichozi, odchozi a
redistribuované smeérovaci informace



Filtrovani s pouzitim distribute - listu

- S0 192.168.5.0
172.16.0.0 '

10.0.00

router eilgrp 1
network 172.16.0.0
network 192.168.5.0
distributae-list 7 out =0
!
access-list 7 permit 172.16.0.0 0.0.255,255




Filtrovani redistribuce s distribute -
listem

OSPF
.10.0.0.8/30°0°70

-y, —

s1 B s3 0

Konfigurace smerovace B

router ospf 1
network 10.0.0.8 0.0.0.2 area 0O
redistribute rip subnets
distribute-lizst £ out rip

router rip
network 10.0.0.0
version 2
passive-interface s3
redistribute ospf 1 metric 5
distribute-list 3 out ospf 1

accass-list 2 deny 10.3.0.0.0.0.0.255.255
access-list 2 permit any

accass-list F permit 10.5.0.0




