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2 Př́ıpadové studie 5
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1 Specifikace projektu

1.1 Protokol IS-IS

IS-IS (Intermediate System - Intermediate System) je protokol pro výměnu směrovaćıch infor-
maćı mezi routery. Protokol patř́ı do rodiny protokol̊u IGP (Interior Gateway Protocol), které
jsou určeny pro distribuci směrovaćıch informaćı v rámci jednoho autonomńıho systému - AS
(Autonomous System). Protokol je tř́ıdy link-state, což znamená že informace o topologii jsou
vyměňovány mezi nejbližš́ımi sousedy “povodňovým” zp̊usobem (flooding). Všechny routery
maj́ı tak v rámci autonomńıho systému informaci o celé topologii a použ́ıvá zpravidla modi-
fikaćı Dijkstrova algoritmu pro nalezeńı optimálńıch cest.
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Výběr cest na základě znalosti celé topologie umožňuje zohledňovat r̊uzná kritéria užitečná
pro QoS (Query of Service) nebo ř́ızeńı provozu (Traffic Engineering). Nevýhodou vyplývaj́ıćı
z př́ıslušnosti k link-state protokol̊um je s rostoućım objemem směrovaćıch informaćı.

IS-IS byl p̊uvodně navržen jako směrovaćı protokol pro CLNP (Connectionless Network
Layer Protocol), který byl definován pro OSI jako alternativa pro IP protokoly. Rozš́ı̌reńı pro
směrovaćı protokoly IP je někdy nazýváno jako Integrated IS-IS.

1.2 Zásady topologie

IS-IS použ́ıvá dvouvrstvou hiearchii oblast́ı (’area routing’) L1 a L2, takže informace o
směrováńı v jedné koncové oblasti z̊ustávaj́ı skryté pro směrovače v jiné koncové oblasti.
Veškeré směrovaćı informace jsou pouze v páteřńı části topologie (v některých materiálech
Cicso je možné se doč́ıst i o vrstvě L3, interarea routing). Tato strategie nab́ıźı možnost
navrhovat bezpečněǰśı a stabilněǰśı śıt’ a redukovat śıt’ový provoz směrovaćıho protokolu.

Typy oblasti L1 a L2 určuj́ı postaveńı v hierarchii směrováńı. Směrovače úrovně L2 jsou
určeny pro konstrukci páteřńıch spojeńı (backbone) a směrovače L1 pro jednotlivé oblasti
propojené páteřńı śıt́ı.

1.3 Adresováńı

Adresováńı vycháźı z návrhu pro protokoly OSI. Konfigurace protokolu proto vyžaduje adresováńı
CLNP, protože byl p̊uvodně orientován na protokol CLNP a později upraven i pro směrováńı
protokolu IP. V śıt́ıch podle návrhu OSI má každý uzel (směrovač nebo stanice) jednoznačný
identifikátor nazývaj́ıćı se Network Service AccessPoint (NSAP). Speciálńım př́ıpadem NSAP
je NET, což je adresa v OSI formátu s polem SEL (viz obrázek 1) o hodnotě 00.

V protokolu CLNP ma každá stanice (ES) a směrovač (IS) přidelenou alespoň jednu
adresu NET (Network Entity Title), viz obr. 1. Pro směrováńı protokolu IP muśı mı́t každý
směrovač (IS) mimo adres IP také přidělené své NET. Pole ID v NET je určeno pro identifikaci
směrovače a pole Area Address je určeno pro určeńı př́ıslušnosti k oblasti.

Obrázek 1: Network Entity Title

1.4 Zásady při konfiguraci protokolu (implementace CISCO a Quagga)

Pro srovnáńı budou uvedeny postupy konfigurace pro implementaci CISCO i Quagga. Př́ıprava
pro konfiguraci jakéhokoliv směrovaćıho protololu obecně vyžaduje znalost topologie śıtě a
logické adresovaćı schéma. Konkrétně pro směrováńı IP protokolem ISIS je třeba k běžnému
adresováńı IP adresami ještě přidělit adresy NET směrovaćım prvk̊um a oblastem. Následu-
j́ıćı jsou kroky nutné pro konfiguraci směrovače IS-IS (shodné v obou testovaných implemen-
taćıch):
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1. nastavit NET adresu směrovače

2. nastavit př́ıpadnou úroveň směrovače, default je obvykle L1/L2

3. povolit ISIS na př́ıslušných śıt’ových rozhrańıch

Technicky pak pro konfiguraci software pak obě srovnávané implemetace pro Linux i CISCO
poskytuj́ı velmi podobné konfiguračńı rozhrańı, které je dále popsáno.

1.4.1 Pro Linuxový směrovač

Pro směrováńı na linuxovém stroji je třeba mı́ti k dispozici software Quagga (Zebra) š́ı̌rený pod
licenćı GPL. Zebra je baĺık menš́ıch programů, které umožňuj́ı linux jako směrovaćı systém
pro r̊uzné protokoly. Program zebra zajǐst’uje komunikaci s jádrem operačńıho systému a
daľśı programy jsou moduly komunikuj́ıćı s t́ımto jádrem a implementuj́ı r̊uzné protokoly,
jako např́ıklad ripd pro protokol RIP nebo ospfd pro OSPF atd. Pro studie sledované t́ımto
projektem je d̊uležitá př́ıtomnost modulu isisd. Programy se typicky spoušt́ı jako démoni:

# zebra -d
# isisd -d

Konfigurace je možno provádět bud’ př́ımo v konfiguračńıch souborech, nebo pomoćı konfigu-
račńıho rozhrańı podobné tomu, které poskytuj́ı směrovače firmy CISCO. Při prvńım použit́ı
software baĺıku Zebra/Quagga je nutné ručně editovat soubory, které jsou obvykle v adresáři
/etc/quagga/, kde je třeba nastavit heslo pro všechny programy baĺıku, se kterými potřebu-
jeme pracovat. V tomto př́ıpadě potřebujeme př́ıdat řádek

password naseheslo

do souboru zebra.conf a isisd.conf. Po editaci a uložeńı souboru může být nutné restartovat
dotčené programy (zebra, isisd). Po nastaveńı hesla je možné pracovat se směrovaćım software
podobně jako se směrovač́ı CISCO.

Daľśı možnost́ı nastaveńı směrovaćıho software v linuxu je editace výše zmı́něných konfigu-
račńıch soubor̊u. Po nastaveńı za běhu je třeba restartovat směrovaćı software. V distribuci
Debian Linux je to použit́ım skriptu /etc/init.d/quagga restart.

Možné problémy s konfiguraćı

Vzhledem k tomu, že na implementaci protokolu IS-IS pro routovaćı software quagga neńı
vyv́ıjen velký tlak na vývoj ani na nasazováńı v praxi, neńı dostupné velké množstv́ı inforamćı
(quagga useres’ mailing-list má přibližně dvě zmı́nky za posledńıch 2,5 roku). Neńı neobvyklé,
že démon isisd neńı v předkompilovaných baĺıčćıch Quagga distribućı zkompilován a je nutno
tuto činnost provést. Obvykle stač́ı stáhnout zdrojové kodý (pro “debian-like” distribuce jsou
nejvhodněǰśı zdrojové baĺıčky), rozbalit a zadat následuj́ıćı př́ıkazy:

# ./configure --enable-isisd
# make
# make install
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Vše je potřeba provádět se superuživatelskými právy. Při použ́ıváńı distribuce Debian Sarge
pak quagga má v /etc/init.d/ skript quagga, který je možné použ́ıvat následuj́ıćım zp̊usobem:

• nastartovat celý framework quagga

# /etc/init.d/quagga start

• zastavit celý framework

# /etc/init.d/quagga stop

• spustit zvolenou součást

# /etc/init.d/quagga start isisd

• zastavit zvolenou součást

# /etc/init.d/quagga stop isisd

Pro startováńı skriptem v /etc/init.d je použita konfigurace /etc/quagga/daemons. Zde je
užitečné mı́sto standardńıch hodnot (on/off) pro spouštěné součást́ı př́ımo určit pořad́ı č́ıslem.

zebra=1
bgpd=no
ospfd=no
ospf6d=no
ripd=no
ripngd=no
isisd=2

Pokud něco nebude fungovat, může být také nutné upravit nastaveńı śıtových vlastnost́ı
jádra v souboru /etc/network/options na poněkud méně bezpečnost́ı nastaveńı.

ip_forward=yes
spoofprotect=no
syncookies=yes

1.4.2 Konfigurace směrovače CISCO

Základńı kroky pro konfiguraci směrovače protokolu Integrated IS-IS:

• spustit směrovaćı proces Integrated IS-IS (př́ıkazem router isis [proces])

• nastavit NET adresu, t́ım se nastav́ı př́ıslušnost k oblasti (49.0027.000) a jednoznačné
id směrovače (0011.1010.00); př́ıkaz směrovače:

(config-router)# net 49.0027.0000.0011.1010.00
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• nastavit př́ıpadně druh oblasti pro router (př́ıkazem is-type {level-1 | level-1-1 | level-2-
only}, default je Level 1/Level 2). Toto nastaveńı se poté použije jako výchoźı nastaveńı
jednotlivých rozhrańı.

• povolit IS-IS pro protokol IP a př́ıslušná śıt’ová rozhrańı (př́ıkaz směrovače interface xy ;
ip router isis [process])

2 Př́ıpadové studie

Př́ıpadové studie budou mı́t za úkol ověřit funkčnost implementace protokolu IS-IS v routo-
vaćım baĺıku quagga, proto budou použity v prvńım zapojeńı pouze linuxové směrovače. Pro
ověřeńı kompatibility bude daľśı zapojeńı s použit́ım směrovač̊u CISCO i linux. Třet́ı zapo-
jeńı bude mı́t za úkol upozornit na možnost chybné konfigurace, kterého se zvláště uživatelé
protokolu ospf mohou dopustit.

2.1 Př́ıkladová studie 1 (Linux/Linux)

Obrázek 2: Topologie testované śıtě Linux/Linux

Prvńı popsaná varianta vycháźı ze zmı́nky v literatuře, že protokol nevyžaduje separátńı
oblast pro L2 směrovače (páteřńı spojeńı se teoreticky vytvoř́ı mezi L2 směrovači). Topologie
se tak rozpadá na dvě oblasti 49.0002 a 49.0003; skládá se ze dvou L1/L2 směrovač̊u mezi
nimiž procháźı hranice oblast́ı. Směrovače tak komunikuj́ı pouze na úrovni L2. K nim jsou
pak připojeny L1 směrovače v každé oblasti (typ okruhu je tak L1).

2.1.1 Konfigurace

Následuje popis konfigurace jednotlivých směrovač̊u. V př́ıkazech router isis [oblast] je v
posledńı parametr název spouštěného procesu směrovače, podobně jako v implementaci CISCO.
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RA (Quagga), level-1-2

Předpokladem pro následnou konfiguraci je běž́ıćı démoni zebra a isisd. To je možno ověřit
např́ıklad př́ıkazem ps -e | grep zebra a ps -e | grep isisd.

Konfigurace démonu zebra:

telnet localhost 2601

> enabled

# configure terminal

(config)# hostname RA_quagga

RA_quagga(config)# interface eth0

RA_quagga(config-if)# ip address 100.0.0.1/24

RA_quagga(config-if)# no shutdown

RA_quagga(config-if)# exit

RA_quagga(config)# interface eth1

RA_quagga(config-if)# ip address 20.0.0.1/24

RA_quagga(config-if)# no shutdown

RA_quagga(config-if)# exit

RA_quagga(config)# password zebra

RA_quagga(config)# enable password zebra

RA_quagga(config)# exit

RA_quagga# write file

Konfigurace démonu isisd:

telnet localhost 2608

> enabled

# configure terminal

(config)# hostname RA_isis

RA_isis(config)# router isis oblast0

RA_isis(config)# net 49.0002.0000.0000.0002.00

RA_isis(config)# interface eth0

RA_isis(config-if)# ip router isis oblast0

RA_isis(config)# interface eth1

RA_isis(config-if)# ip router isis oblast0

RA_isis(config-if)# exit

RA_isis(config)# password zebra

RA_isis(config)# enable password zebra

RA_isis(config)# exit

RA_isis# write file

RB (Quagga), level-1-2

Předpokladem pro následnou konfiguraci je běž́ıćı démoni zebra a isisd. To je možno ověřit
např́ıklad př́ıkazem ps -e | grep zebra a ps -e | grep isisd.

Konfigurace démonu zebra:

telnet localhost 2601

> enabled

# configure terminal

(config)# hostname RB_quagga

RB_quagga(config)# interface eth0

RB_quagga(config-if)# ip address 30.0.0.1/24

RB_quagga(config-if)# no shutdown

RB_quagga(config-if)# exit

RB_quagga(config)# interface eth1

RB_quagga(config-if)# ip address 100.0.0.2/24

RB_quagga(config-if)# no shutdown

RB_quagga(config-if)# exit

RB_quagga(config)# password zebra

RB_quagga(config)# enable password zebra

RB_quagga(config)# exit

RB_quagga# write file

Konfigurace démonu isisd:

telnet localhost 2608

> enabled

# configure terminal

(config)# hostname RB_isis

RB_isis(config)# router isis oblast0

RB_isis(config)# net 49.0003.0000.0000.0001.00

RB_isis(config)# interface eth0

RB_isis(config-if)# ip router isis oblast0

RB_isis(config)# interface eth1

RB_isis(config-if)# ip router isis oblast0

RB_isis(config-if)# exit

RB_isis(config)# password zebra

RB_isis(config)# enable password zebra

RB_isis(config)# exit

RB_isis# write file

RC (Quagga), level-1

Předpokladem pro následnou konfiguraci je běž́ıćı démoni zebra a isisd. To je možno ověřit
např́ıklad př́ıkazem ps -e | grep zebra a ps -e | grep isisd.

Konfigurace démonu zebra:

telnet localhost 2601

> enabled

# configure terminal

(config)# hostname RC_quagga

RC_quagga(config)# interface eth0

RC_quagga(config-if)# ip address 40.0.0.1/24

RC_quagga(config-if)# no shutdown

RC_quagga(config-if)# exit

RC_quagga(config)# interface eth1

RC_quagga(config-if)# ip address 20.0.0.2/24

RC_quagga(config-if)# no shutdown

RC_quagga(config-if)# exit

RC_quagga(config)# password zebra

RC_quagga(config)# enable password zebra

RC_quagga(config)# exit

RC_quagga# write file

Konfigurace démonu isisd:

telnet localhost 2608

> enabled

# configure terminal

(config)# hostname RC_isis

RC_isis(config)# router isis oblast0

RC_isis(config)# net 49.0002.0000.0000.0004.00

RC_isis(config)# interface eth0

RC_isis(config-if)# ip router isis oblast0

RC_isis(config)# interface eth1

RC_isis(config-if)# ip router isis oblast0

RC_isis(config-if)# exit

RC_isis(config)# password zebra

RC_isis(config)# enable password zebra

RC_isis(config)# exit

RC_isis# write file
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RD (Quagga), level-1

Předpokladem pro následnou konfiguraci je běž́ıćı démoni zebra a isisd. To je možno ověřit
např́ıklad př́ıkazem ps -e | grep zebra a ps -e | grep isisd.

Konfigurace démonu zebra:

telnet localhost 2601

> enabled

# configure terminal

(config)# hostname RC_quagga

RC_quagga(config)# interface eth0

RC_quagga(config-if)# ip address 50.0.0.1/24

RC_quagga(config-if)# no shutdown

RC_quagga(config-if)# exit

RC_quagga(config)# interface eth1

RC_quagga(config-if)# ip address 30.0.0.2/24

RC_quagga(config-if)# no shutdown

RC_quagga(config-if)# exit

RC_quagga(config)# password zebra

RC_quagga(config)# enable password zebra

RC_quagga(config)# exit

RC_quagga# write file

Konfigurace démonu isisd:

telnet localhost 2608

> enabled

# configure terminal

(config)# hostname RC_isis

RC_isis(config)# router isis oblast0

RC_isis(config)# net 49.0003.0000.0000.0003.00

RC_isis(config)# interface eth0

RC_isis(config-if)# ip router isis oblast0

RC_isis(config)# interface eth1

RC_isis(config-if)# ip router isis oblast0

RC_isis(config-if)# exit

RC_isis(config)# password zebra

RC_isis(config)# enable password zebra

RC_isis(config)# exit

RC_isis# write file

2.1.2 Výsledný stav śıtě

Směrovače na úrovńı L1 dostaly informace od směrovač̊u L2 ve své oblasti. Směrovaćı in-
formace však v tomto př́ıpadě nebyla o ostatńıch oblastech kompletńı. Dosažitelné byly
pouze adresy v dosahu L2 směrovač̊u. Situaci ilustruj́ı následuj́ıćı výpisy. Tyto jsou pouze
ze směrovač̊u RA a RC, u zbylých dvou byla situace symetricky podobná:

RC_isis# sh isis neighbors

Area oblastA:

System Id Interface L State Holdtime SNPA

RC_isisd eth0 1 Up 28 0030.4f3b.6b3b

RC_isis# sh isis database

Area oblastA:

IS-IS Level-1 link-state database:

LSP ID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL

RA_isisd.00-00 0x00000006 0xbeef 952 0/0/0

RA_isisd.02-00 0x00000001 0x27c0 936 0/0/0

RA_isisd.03-00 0x00000001 0xa532 938 0/0/0

RC_isis.00-00 * 0x0000000a 0xdb55 1011 0/0/0

RC_isis.03-00 * 0x00000001 0x2aba 995 0/0/0

5 LSPs

RC_quagga# sh ip r

Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF,

I - ISIS, B - BGP, > - selected route, * - FIB route

C>* 20.0.0.0/24 is directly connected, eth0

C>* 40.0.0.0/24 is directly connected, eth1

I>* 100.0.0.0/24 [115/20] via 20.0.0.1, eth0, 00:00:44

C>* 127.0.0.0/8 is directly connected, lo

RA_isisd# sh isis neighbors

Area oblast0:

System Id Interface L State Holdtime SNPA

RB_isis eth0 2 Up 29 0016.7669.0116

RC_isis eth1 1 Up 22 0016.7669.0088

RA_isisd# sh isis database

Area oblast0:

IS-IS Level-1 link-state database:

LSP ID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL

RA_isisd.00-00 * 0x00000006 0xbeef 1024 0/0/0

RA_isisd.02-00 * 0x00000001 0x27c0 1008 0/0/0

RA_isisd.03-00 * 0x00000001 0xa532 1010 0/0/0

RC_isis.00-00 0x0000000a 0xdb55 1082 0/0/0

RC_isis.03-00 0x00000001 0x2aba 1066 0/0/0

5 LSPs

IS-IS Level-2 link-state database:

LSP ID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL

RB_isis.00-00 0x00000005 0x0104 982 0/0/0

RB_isis.02-00 0x00000001 0x7468 1027 0/0/0

RB_isis.03-00 0x00000001 0x1ace 1026 0/0/0

RA_isisd.00-00 * 0x00000008 0x7934 992 0/0/0

RA_isisd.03-00 * 0x00000001 0x20c6 1010 0/0/0

5 LSPs

RA_zebra# sh ip r
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Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF,

I - ISIS, B - BGP, > - selected route, * - FIB route

C>* 20.0.0.0/24 is directly connected, eth1

I>* 30.0.0.0/24 [115/20] via 100.0.0.2, eth0, 00:00:30

I>* 40.0.0.0/24 [115/20] via 20.0.0.2, eth1, 00:00:30

C>* 100.0.0.0/24 is directly connected, eth0

C>* 127.0.0.0/8 is directly connected, lo

2.2 Př́ıkladová studie 2 (Linux/Cisco)

Obrázek 3: Topologie testované śıtě Linux/Cisco

Pro reprezentaci pátečńı śıtě byl v této konfiguraci při testováńı zařazen směrovač L2-only
(byl označen RA), který bezpečně oddělil obě koncové oblasti. Páteřńı śıt́ı tak procháźı pouze
L2 směrovaćı informace (L2 okruhy) mezi směrovači RB a RC, které jsou L1/L2. Se směrovači
uvnitř oblast́ı (RD a RE), které jsou typu L1, se vytvoř́ı pouze L1 okruhy.

2.2.1 Konfigurace

Při konfiguraci byly použity linuxové směrovače s baĺıkem Quagga ve verzi 98.3 a směrovače
CISCO 1812, verze fw 12.4. Dále je popsán postup konfigurace jednotlivých směrovač̊u.

RA (Quagga), level-2-only router

Předpokladem pro následnou konfiguraci je běž́ıćı démoni zebra a isisd. To je možno ověřit
např́ıklad př́ıkazem ps -e | grep zebra a ps -e | grep isisd.
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Konfigurace démonu zebra:

telnet localhost 2601

> enabled

# configure terminal

(config)# hostname RA_quagga

RA_quagga(config)# interface eth0

RA_quagga(config-if)# ip address 200.0.0.2/24

RA_quagga(config-if)# no shutdown

RA_quagga(config-if)# exit

RA_quagga(config)# interface eth1

RA_quagga(config-if)# ip address 100.0.0.1/24

RA_quagga(config-if)# no shutdown

RA_quagga(config-if)# exit

RA_quagga(config)# password zebra

RA_quagga(config)# enable password zebra

RA_quagga(config)# exit

RA_quagga# write file

Konfigurace démonu isisd:

telnet localhost 2608

> enabled

# configure terminal

(config)# hostname RA_isis

RA_isis(config)# router isis oblast0

RA_isis(config)# net 49.0001.0000.0000.0003.00

RA_isis(config)# is-type level-2-only

RA_isis(config)# interface eth0

RA_isis(config-if)# ip router isis oblast0

RA_isis(config)# interface eth1

RA_isis(config-if)# ip router isis oblast0

RA_isis(config-if)# exit

RA_isis(config)# password zebra

RA_isis(config)# enable password zebra

RA_isis(config)# exit

RA_isis# write file

RB (Cisco), level-1-2 router

Před konfiguraćı předpokládáme prázdnou konfiguraci boxu.

> enabled

# configure terminal

(config)# hostname RB

RB(config)# interface Fa0

RB(config-if)# ip address 100.0.0.2 255.255.255.0

RB(config-if)# no shutdown

RB(config-if)# exit

RB(config)# interface Fa1

RB(config-if)# ip address 10.0.0.1 255.255.255.0

RB(config-if)# no shutdown

RB(config-if)# exit

RB(config)# router isis oblastB

RB(config-router)# net 49.0002.0000.0000.0004.00

RB(config-router)# is-type level-1-2

RB(config-router)# exit

RB(config)# interface Fa0

RB(config-if)# ip router isis oblastB

RB(config)# interface Fa1

RB(config-if)# ip router isis oblastB

RB(config-if)# exit

RB(config)# exit

RC (Linux), level-1-2 router

Předpokladem pro následnou konfiguraci je běž́ıćı démoni zebra a isisd. To je možno ověřit
např́ıklad př́ıkazem ps -e | grep zebra a ps -e | grep isisd.

Konfigurace démonu zebra:

telnet localhost 2601

> enabled

# configure terminal

(config)# hostname RC_quagga

RC_quagga(config)# interface eth0

RC_quagga(config-if)# ip address 200.0.0.1/24

RC_quagga(config-if)# no shutdown

RC_quagga(config-if)# exit

RC_quagga(config)# interface eth1

RC_quagga(config-if)# ip address 20.0.0.2/24

RC_quagga(config-if)# no shutdown

RC_quagga(config-if)# exit

RC_quagga(config)# password zebra

RC_quagga(config)# enable password zebra

RC_quagga(config)# exit

RC_quagga# write file

Konfigurace démonu isisd:

telnet localhost 2608

> enabled

# configure terminal

(config)# hostname RC_isis

RC_isis(config)# router isis OblastA

RC_isis(config)# net 49.0003.0000.0000.0002.00

RC_isis(config)# is-type level-1-2

RC_isis(config)# interface eth0

RC_isis(config-if)# ip router isis OblastA

RC_isis(config)# interface eth1

RC_isis(config-if)# ip router isis OblastA

RC_isis(config-if)# exit

RC_isis(config)# password zebra

RC_isis(config)# enable password zebra

RC_isis(config)# exit

RC_isis# write file

RD (Cisco), level-1 router

Před konfiguraćı předpokládáme prázdnou konfiguraci boxu.

> enabled

# configure terminal

(config)# hostname RD

RD(config)# interface Fa0

RD(config-if)# ip address 10.0.0.2 255.255.255.0

RD(config-if)# no shutdown

RD(config-if)# exit

RD(config)# interface Fa1

RD(config-if)# ip address 1.0.0.1 255.255.255.0

RD(config-if)# no shutdown

RD(config-if)# exit

RD(config)# router isis oblastB

RD(config-router)# net 49.0002.0000.0000.0005.00

RD(config-router)# is-type level-1

RD(config-router)# exit

RD(config)# interface Fa0

RD(config-if)# ip router isis oblastB

RD(config)# interface Fa1

RD(config-if)# ip router isis oblastB

RD(config-if)# exit

RD(config)# exit
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RE (Linux), level-1

Předpokladem pro následnou konfiguraci je běž́ıćı démoni zebra a isisd. To je možno ověřit
např́ıklad př́ıkazem ps -e | grep zebra a ps -e | grep isisd.

Konfigurace démonu zebra:

telnet localhost 2601

> enabled

# configure terminal

(config)# hostname RE_quagga

RE_quagga(config)# interface eth0

RE_quagga(config-if)# ip address 20.0.0.1/24

RE_quagga(config-if)# no shutdown

RE_quagga(config-if)# exit

RE_quagga(config)# interface eth1

RE_quagga(config-if)# ip address 2.0.0.1/24

RE_quagga(config-if)# no shutdown

RE_quagga(config-if)# exit

RE_quagga(config)# password zebra

RE_quagga(config)# enable password zebra

RE_quagga(config)# exit

RE_quagga# write file

Konfigurace démonu isisd:

telnet localhost 2608

> enabled

# configure terminal

(config)# hostname RE_isis

RE_isis(config)# router isis OblastA

RE_isis(config)# net 49.0003.0000.0000.0001.00

RE_isis(config)# is-type level-1

RE_isis(config)# interface eth0

RE_isis(config-if)# ip router isis OblastA

RE_isis(config)# interface eth1

RE_isis(config-if)# ip router isis OblastA

RE_isis(config-if)# exit

RE_isis(config)# password zebra

RE_isis(config)# enable password zebra

RE_isis(config)# exit

RE_isis# write file

2.2.2 Výsledný stav śıtě

Nejdř́ıve jsou uvedeny zapsané konfigurace router̊u a poté výpisy ilustruj́ıćı stav śıtě.

Konfigurace routeru RA:

hostname RA_isis

password zebra

enable password zebra

!

interface eth0

ip router isis oblast0

isis circuit-type level-2-only

!

interface eth1

ip router isis oblast0

isis circuit-type level-2-only

!

interface lo

!

interface sit0

!

!

router isis oblast0

net 49.0001.0000.0000.0003.00

is-type level-2-only

!

line vty

!

Fragmet konfigurace routeru RB:

version 12.4

!

hostname RM_RB

!

interface FastEthernet0

ip address 100.0.0.2 255.255.255.0

ip router isis oblast0

duplex auto

speed auto

!

interface FastEthernet1

ip address 10.0.0.1 255.255.255.0

ip router isis oblast0

duplex auto

speed auto

!

router isis oblast0

net 49.0002.0000.0000.0004.00

!

Konfigurace routeru RC:

!!

! Zebra configuration saved from vty

! 2007/05/23 12:40:20

!

hostname RC_isisd

password zebra

enable password zebra

!

interface eth0

ip router isis oblast0

!

interface eth1

ip router isis oblast0

!

router isis oblast0

net 49.0003.0000.0000.0002.00

!

line vty

!

Fragmet konfigurace routeru RD:

version 12.4

!

hostname RN_RD

!

interface FastEthernet0

ip address 10.0.0.2 255.255.255.0

ip router isis oblastB

duplex auto

speed auto

!

interface FastEthernet1

ip address 1.0.0.1 255.255.255.0

ip router isis oblastB

duplex auto

speed auto

!

router isis oblastB

net 49.0002.0000.0000.0005.00

is-type level-1

!
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Konfigurace routeru RE:

! !

hostname RE_isis

password zebra

enable password zebra

!

interface eth0

ip router isis oblastA

isis circuit-type level-1

!

interface eth1

ip router isis oblastA

isis circuit-type level-1

!

interface lo

!

interface sit0

!

!

router isis oblastA

net 49.0003.0000.0000.0001.00

is-type level-1

!

line vty

!

Chováńı śıtě:

Veškeré časovače použité v implementaćıch protokolu byly
ponechány na standartńıch hodnotách. Konvergence śıtě se
vyznačovala rychlost́ı v řádu jednotek sekund, tedy velmi
rychlá. Automatické vytvořeńı “default” cesty na straně
routeru RD (Cisco) proběhlo řádově v jednotkách minut.
V části topologie tvořené směrovači software Quagga k
vytvořeńı defaultńı cesty (při symetricky shodné konfigu-
raci) ani po několikanásobně deľśım čase nedošlo přesto,
že směrovače RE a RC byly po posledńı úpravě konfig-
urace restartovány. Vyjma této situace se implementace
směrovače IS-IS Cisco i Linux/Quagga chovaly shodně.

Následuj́ı výpisy podstatných informaćı jednotlivých směrovač̊u, prvńı výpis je ze linux-
ového směrovače RA (level-2-only):

RA_quagga# sh ip route

Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF,

I - ISIS, B - BGP, > - selected route, * - FIB route

I>* 1.0.0.0/24 [115/30] via 100.0.0.2, eth1, 00:00:19

I>* 2.0.0.0/24 [115/30] via 200.0.0.1, eth0, 00:12:43

I>* 10.0.0.0/24 [115/20] via 100.0.0.2, eth1, 00:00:19

I>* 20.0.0.0/24 [115/20] via 200.0.0.1, eth0, 00:00:19

C>* 100.0.0.0/24 is directly connected, eth1

C>* 127.0.0.0/8 is directly connected, lo

C>* 200.0.0.0/24 is directly connected, eth0

RA_isis# sh isis neighbors

Area oblast0:

System Id Interface L State Holdtime SNPA

RC_isisd eth0 2 Up 30 0016.7668.fef2

RM_RB eth1 2 Up 23 001a.6dc7.970a

RA_isis# sh isis topology

Area oblast0:

IS-IS paths to level-2 routers that speak IP

System Id Metric Next-Hop Interface SNPA

RA_isis --

RM_RB 10 RM_RB eth1 001a.6dc7.970a

RC_isisd 10 RC_isisd eth0 0016.7668.fef2

Stav směrovače RB:

RM_RB#sh ip route

Codes: ...

i - IS-IS, su - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2

ia - IS-IS inter area, * - candidate default, U - per-user static route

...

1.0.0.0/24 is subnetted, 1 subnets

i L1 1.0.0.0 [115/20] via 10.0.0.2, FastEthernet1

100.0.0.0/24 is subnetted, 1 subnets

C 100.0.0.0 is directly connected, FastEthernet0

i L2 200.0.0.0/24 [115/20] via 100.0.0.1, FastEthernet0

20.0.0.0/24 is subnetted, 1 subnets

i L2 20.0.0.0 [115/30] via 100.0.0.1, FastEthernet0

10.0.0.0/24 is subnetted, 1 subnets

C 10.0.0.0 is directly connected, FastEthernet1

RM_RB# sh isis neighbors

Area oblast0:

System Id Type Interface IP Address State Holdtime Circuit Id

RA_isis L2 Fa0 100.0.0.1 UP 27 RA_isis.03

RN_RD L1 Fa1 10.0.0.2 UP 9 RN_RD.01

RM_RB#sh isis topology

IS-IS paths to level-1 routers

System Id Metric Next-Hop Interface SNPA

RM_RB --

RN_RD 10 RN_RD Fa1 001a.6dc7.984e

IS-IS paths to level-2 routers
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System Id Metric Next-Hop Interface SNPA

RE_isis **

RC_isisd 20 RA_isis Fa0 0030.4f3b.6b3d

RA_isis 10 RA_isis Fa0 0030.4f3b.6b3d

RM_RB --

Stav směrovače RC:

RC_zebra# sh ip r

Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF,

I - ISIS, B - BGP, > - selected route, * - FIB route

I>* 1.0.0.0/24 [115/40] via 200.0.0.2, eth0, 00:00:30

I>* 2.0.0.0/24 [115/20] via 20.0.0.1, eth1, 00:00:30

I>* 10.0.0.0/24 [115/30] via 200.0.0.2, eth0, 00:00:30

C>* 20.0.0.0/24 is directly connected, eth1

I>* 100.0.0.0/24 [115/20] via 200.0.0.2, eth0, 00:00:30

C>* 127.0.0.0/8 is directly connected, lo

C>* 200.0.0.0/24 is directly connected, eth0

RC_isisd# sh isis neighbors

Area oblast0:

System Id Interface L State Holdtime SNPA

RA_isis eth0 2 Up 25 0016.7669.0116

RE_isis eth1 1 Up 22 0016.7669.0088

RC_isisd> sh isis topo

Area oblast0:

IS-IS paths to level-1 routers that speak IP

System Id Metric Next-Hop Interface SNPA

RC_isisd --

RE_isis 10 RE_isis eth1 0016.7669.0088

IS-IS paths to level-2 routers that speak IP

System Id Metric Next-Hop Interface SNPA

RC_isisd --

RA_isis 10 RA_isis eth0 0016.7669.0116

RM_RB 20 RA_isis eth0 0016.7669.0116

Stav směrovače RD:

6RN_RD#sh ip rout

Codes: ...

i - IS-IS, su - IS-IS summary, L1 - IS-IS level-1, L2 - IS-IS level-2

ia - IS-IS inter area, * - candidate default, U - per-user static route

...

C 1.0.0.0 is directly connected, FastEthernet1

100.0.0.0/24 is subnetted, 1 subnets

i L1 100.0.0.0 [115/20] via 10.0.0.1, FastEthernet0

10.0.0.0/24 is subnetted, 1 subnets

C 10.0.0.0 is directly connected, FastEthernet0

i*L1 0.0.0.0/0 [115/10] via 10.0.0.1, FastEthernet0

RN_RD#sh isis neighbors

System Id Type Interface IP Address State Holdtime Circuit Id

RM_RB L1 Fa0 10.0.0.1 UP 23 RN_RD.01

RN_RD#sh isis topology

IS-IS paths to level-1 routers

System Id Metric Next-Hop Interface SNPA

RM_RB 10 RM_RB Fa0 001a.6dc7.970b

RN_RD --

RN_RD#sh isis database

IS-IS Level-1 Link State Database:

LSPID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL

RM_RB.00-00 0x00000006 0x983C 441 1/0/0

RN_RD.00-00 * 0x00000006 0xEF57 1031 0/0/0

RN_RD.01-00 * 0x00000003 0xD572 864 0/0/0

Stav směrovače RE:

RE_isis# sh isis neighbors

Area oblastA:

System Id Interface L State Holdtime SNPA

RC_isisd eth0 1 Up 24 0030.4f3b.6b3b

RE_isis# sh isis top

Area oblastA:

IS-IS paths to level-1 routers that speak IP

System Id Metric Next-Hop Interface SNPA

RE_isis --

RC_isisd 10 RC_isisd eth0 0030.4f3b.6b3b

RA_quagga# sh ip r
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Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF,

I - ISIS, B - BGP, > - selected route, * - FIB route

C>* 2.0.0.0/24 is directly connected, eth1

C>* 20.0.0.0/24 is directly connected, eth0

C>* 127.0.0.0/8 is directly connected, lo

I>* 200.0.0.0/24 [115/20] via 20.0.0.2, eth0, 00:00:01

RE_isis# sh isis database

Area oblastA:

IS-IS Level-1 link-state database:

LSP ID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL

RE_isis.00-00 * 0x00000020 0x2349 903 0/0/0

RE_isis.03-00 * 0x0000000a 0x06db 461 0/0/0

RC_isisd.00-00 0x00000006 0xdd6a 893 0/0/0

RC_isisd.02-00 0x00000003 0x23c2 900 0/0/0

RC_isisd.03-00 0x00000003 0x5682 933 0/0/0

5 LSPs

3 Závěrečné shrnut́ı

Testováńı nepřineslo jednoznačně kladný výsledek o funkčnosti implementace směrovaćıho
protokolu IS-IS zahrnutým v linuxové sadě nástroj̊u pro směrováńı Quagga. Testované verze
(98.3 a 99.5) vykazovaly shodné chováńı, kdy směrovaćı informace mezi routery stejné úrovně
(L1/L2) byly vyměňovány bez problému. K odlǐsnému chováńı pak docházelo na hranićıch
oblast́ı, kdy na rozd́ıl od implementace Cisco nedocházelo k agregaci páteřńı śıtě do “default”
cest v koncových oblastech. Při testováńı nebyl nalezen zp̊usob jak toto chováńı ovlivnit. Podle
typu konfigurace (vycházej́ıćıch z specifikace adresováńı směrovač̊u pro protokol IS-IS, nebo
jiných čistě pokusných) byly směrovaćı informace předávány částečné, kompletńı směrovaćı
tabulky nebo v̊ubec. Testováno bylo v́ıce obdobných zapojeńı s totožnými výsledky; uvedeny
jsou ty, které charakterizuj́ı nalezené problémy.

Před nasazeńım implementace IS-IS v softwarovém baĺıku Qugagga do reálného provozu
by bylo rozumné zvážit alternativy a bylo by nutné rozsáhleǰśı testováńı.


