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Innehallsforteckning

@ Introduktion
o Naitverksegenskaper

© Routers

© Routing
o Vidarebefordra paket

@ Routingprotokoll
@ Routingtabellen

@ Statisk routing
@ Konfigurera Static Route
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Bakgrund

Né&tverksegenskaper

Topology

Reliabiity

Scalability

@

Figur 1: Ett ndtverks egenskaper|[2, Fig. 4-1]
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Né&tverksegenskaper

Topologi — Natverkskarta

Fysisk topologi
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Topologi — Natverkskarta
Né&tverksegenskaper

Fysisk topologi

o Visar hur ndtverksenheter ar ihopkopplade.
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Topologi — Natverkskarta
Né&tverksegenskaper

Fysisk topologi

@ Anger vart man kan hitta enheter och kablar.
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Né&tverksegenskaper

Topologi — Natverkskarta

Logisk topologi
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Topologi — Natverkskarta

Né&tverksegenskaper

Logisk topologi
@ Visar hur det logiska natverket ar hopkopplad.
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Topologi — Natverkskarta
Né&tverksegenskaper

Logisk topologi

@ Tar ej hansyn till fysisk placering.
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Topologi — Natverkskarta
Né&tverksegenskaper

Logisk topologi

@ Visar natverket fr&n en anvandares synvinkel.
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Dokumentation av natverksadresser

Né&tverksegenskaper
Natverksadresser kan dokumenteras antingen i en topologi, figur 2 eller i
en adresstabell.

192.168.1.10 192.168.1.0124 192.168.2.0/24 192.168.3.0/24 192.168.3.10

Figur 2: Adressdokumentation i topologin[2, Fig. 4-9]

Device Interface IP Address Default
Gateway

Fal/d 192.168.1.1 255.255.255.0

S0/0/0 192.168.2.1 256.265.256.0 | N/A
R2 Fal/o 192.168.3.1 255.255.255.0

S0/0/0 192.166.2.2 255.255.256.0
PC1 JA 192.168.1.10 256.255.256.0 | 192 168.1.1
PC2 /A 192.166.3.10 255.255.255.0  192.168.3.1

Figur 3: Adresstabell[2, Fig. 4-9]
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Anvandbarhet

Né&tverksegenskaper
Tillforlitlighet

@ Hur tillférlitligt ar natverket.
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Anvandbarhet

Né&tverksegenskaper

Tillforlitlighet

e Mits i MTBF (Mean Time Between Failures).
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Anviandbarhet

Né&tverksegenskaper

Tillférlitlighet

@ Anges dven som en procentenhet table 1 on page 13.

Tabell 1: Nedtid, procent till tidsenhet. [1]

Tillforlitlighet (%)

Nedtid per &  Nedtid per manad

Nedtid per vecka

90% (ett-nio)
99% (tva-nio)
99,9% (tre-nio)
99,99% (fyra-nio)
99,999% (fem-nio)

36,5 dagar 72 timmar
3,65 dagar 7,2 timmar
8,76 timmar 43,8 minuter
53,56 minuter 4,32 minuter
5,26 minuter 25,9 sekunder

16,8 timmar
1,68 timmar
10,1 minuter
1 minut

6 sekunder
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Anvindbarhet Il

Né&tverksegenskaper

Tillganglighet
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Anvindbarhet Il

Né&tverksegenskaper

Tillganglighet

@ Natverkets tillganglighet.
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Anvindbarhet Il

Né&tverksegenskaper

Tillganglighet

@ Det ska vara mgjligt att anvdnda natverket nar det behdvs.
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Anvindbarhet Il

Né&tverksegenskaper

Hastighet

Lennart Franked (MIUN IST)

Nétverksteknik A — Introduktion till Routing

m]

=



Anvindbarhet Il

Né&tverksegenskaper

Hastighet

o Bandbredd
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Anvindbarhet Il

Né&tverksegenskaper

Hastighet

o Latency.
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Administration

Né&tverksegenskaper

Skalbarhet
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Administration

Né&tverksegenskaper

Skalbarhet

o Framtidssakert
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Administration

Né&tverksegenskaper

Skalbarhet

o Expanderbart
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Administration

Né&tverksegenskaper

Kostnad
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Administration

Né&tverksegenskaper

Kostnad

@ Vad kostar utrustningen?
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Sakerhet

Né&tverksegenskaper

Sakerhet

o Tillganglighet
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Sakerhet

Né&tverksegenskaper

Sakerhet

o Konfidentialitet
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Sakerhet

Né&tverksegenskaper

Sakerhet

o Integritet
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Innehallsforteckning

o Routers
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Syfte med routing

| wan

4

| Branch
=

=)

Figur 4: Syfte med routing [3]
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Routers

Vad ar en Router
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Vad ar en router?
Routers

Vi borjar enkelt.

En dator
@ Central Processing Unit (CPU)
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Vad ar en router?
Routers

Vi borjar enkelt.
En dator

@ Olika typer av minnen
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Routers

Vad ar en router?

Vi borjar enkelt.
En dator

@ Olika typer av minnen.

Primdrminne (RAM)
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Vad ar en router?
Routers

Vi borjar enkelt.

En dator

@ Olika typer av minnen.

Sekundarminne (Flash, ROM, HDD)

Lennart Franked (MIUN IST) Natverksteknik A — Introduktion till Routing|

6 oktober 2020

14 / 41




Vad ar en router?
Routers

Vi borjar enkelt.

En dator

o Ett operativsystem, exampelvis - Windows, *NIX, Internetwork
Operating System (lOS).
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Vad ar en router?
Routers

Vi borjar enkelt.

En dator

o Network Interface Card (NIC).
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Vad ar en router? |l
Routers

Router

@ Flertal typer av enheter kan agera router.

Lennart Franked (MIUN IST)
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Vad ar en router? |l
Routers

Router

@ Flertal typer av enheter kan agera router.

En dator byggd for just detta andamal
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Vad ar en router? |l
Routers

Router

@ Flertal typer av enheter kan agera router.

En vanlig server, laptop, Raspberry Pi.
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Vad ar en router? |l
Routers

Router
@ Flertal typer av enheter kan agera router.

En mobiltelefon.
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Vad ar en router? |l
Routers

Router

@ For att veta vad en router ar kan vi inte kolla p& h&rdvaran.
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Vad ar en router? Il
Routers

Obligatoriska krav

@ Arbetar mot nitverkslagret.

Figur 7: Router ansluten till flera natverk[2, Fig. 4-4]
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Vad ar en router? Il
Routers

Obligatoriska krav

@ Ansluten till minst tva stycken natverk.

Figur 7: Router ansluten till flera natverk[2, Fig. 4-4]
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Vad ar en router? Il
Routers

Obligatoriska krav

o Kan vidarebefordra paket mellan tva nitverk.

Figur 7: Router ansluten till flera natverk[2, Fig. 4-4]
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Vad ar en router? Il
Routers

Obligatoriska krav

o Mojlighet bedéma vilket interface som paketet ska skickas ut p&,
utifrdn en lager-tre adress.

Figur 7: Router ansluten till flera natverk[2, Fig. 4-4]
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Vad ar en router? |V
Routers

Ovriga karaktirsdrag

@ Kan arbeta mot olika lager ett standarder och lager tva protokoll.
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Vad ar en router? |V
Routers

Ovriga karaktirsdrag

e Stddjer olika routingprotokoll.
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Vad ar en router? |V
Routers

Ovriga karaktirsdrag

@ Berdkna den mest lampade vigen utav flera mojliga vagar.
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Vad ar en router? |V
Routers

Ovriga karaktirsdrag

@ Férhindra routingloopar.
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Innehallsforteckning

e Routing

@ Vidarebefordra paket
@ Routingprotokoll
@ Routingtabellen
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Routing i OSIl-modellen

Layer 7 Layer 7
Layer 6 Layer 6
Layer 5 Layer 5
Layer 4 Layer 4
Layer 3 Layer 3 Layer 3 Layer 3 Layer 3
Layer 2 Layer 2 Layer 2 Layer 2 Layer 2
Layer 1 Layer 1 Layer 1 Layer 1 Layer 1

| @afa ANa T AN N

192.168.1.0/24 192.168.2.0/24 192.168.3.0/24 192.168.4.0/24

.1.1 i < R B >< N PC2

E 'y Fa0i0 WA Fa00  FaD0 '

192.168.1.10 0010 00-20 - 0B-31 0C-22 492.168.4.10
0A-10 0B-20

Figur 8: Routing sett fran OSl-modellen[2, Fig. 4-41]
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Routingmekanismer
Vidarebefordra paket

Process switching

Klassisk mekanism for att vidarebefordra (routa) paket.

Lennart Franked (MIUN IST)

Figur 9: Process Switching[2, Fig. 4-5]
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Routingmekanismer
Vidarebefordra paket

Process switching

Klassisk mekanism for att vidarebefordra (routa) paket.

@ Processorn hanterar varje individuellt paket.

Figur 9: Process Switching[2, Fig. 4-5]
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Routingmekanismer
Vidarebefordra paket

Process switching

Klassisk mekanism for att vidarebefordra (routa) paket.
@ Hog belastning

Lennart Franked (MIUN IST)

Figur 9: Process Switching[2, Fig. 4-5]
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Routingmekanismer
Vidarebefordra paket

Process switching

Klassisk mekanism for att vidarebefordra (routa) paket.
o Langsamt

Lennart Franked (MIUN IST)

Figur 9: Process Switching[2, Fig. 4-5]
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Routingmekanismer |l
Vidarebefordra paket

Fast switching

Snabbare mekanism som enbart |ater processorn behandla forsta paketet i
en strom.

Figur 10: Fast Switching[2, Fig. 4-6]
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Routingmekanismer |l
Vidarebefordra paket

Fast switching

Snabbare mekanism som enbart |ater processorn behandla forsta paketet i
en strom.

@ Processorn kollar forst i FFC (fast forward cache).

Convotpiane

Figur 10: Fast Switching[2, Fig. 4-6]
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Routingmekanismer |l
Vidarebefordra paket

Fast switching

Snabbare mekanism som enbart |ater processorn behandla forsta paketet i
en strom.

@ Saknas traff, utfors en process switch, samt ldgger till strommen i
FFC.

Convotpiane

Figur 10: Fast Switching[2, Fig. 4-6]

Lennart Franked (MIUN IST) Natverksteknik A — Introduktion till Routing 6 oktober 2020 21 /41



Routingmekanismer |l
Vidarebefordra paket

Fast switching

Snabbare mekanism som enbart |ater processorn behandla forsta paketet i
en strom.

o Ligre belastning p& processorn.

Figur 10: Fast Switching[2, Fig. 4-6]

Lennart Franked (MIUN IST) Natverksteknik A — Introduktion till Routing 6 oktober 2020 21 /41



Routingmekanismer |l
Vidarebefordra paket

Fast switching

Snabbare mekanism som enbart |ater processorn behandla forsta paketet i
en strom.

@ Snabbare.

Figur 10: Fast Switching[2, Fig. 4-6]
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Routingmekanismer 111
Vidarebefordra paket

Cisco Express Forwarding

Bygger upp en Forwarding Information Base (FIB) och en tabell Gver
direkt anslutna enheter (Adjecency table).

Figur 11: Cisco Express Forwarding[2, Fig 4-7]
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Routingmekanismer 111
Vidarebefordra paket

Cisco Express Forwarding

Bygger upp en Forwarding Information Base (FIB) och en tabell Gver
direkt anslutna enheter (Adjecency table).

@ FIB och AT genereras vid férandringar.

Figur 11: Cisco Express Forwarding[2, Fig 4-7]
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Routingmekanismer 111
Vidarebefordra paket

Cisco Express Forwarding

Bygger upp en Forwarding Information Base (FIB) och en tabell Gver
direkt anslutna enheter (Adjecency table).

@ Minskar belastningen p3 processorn genom att helt utesluta process

switching.

Figur 11: Cisco Express Forwarding[2, Fig 4-7]
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Routingmekanismer 111
Vidarebefordra paket

Cisco Express Forwarding

Bygger upp en Forwarding Information Base (FIB) och en tabell Gver
direkt anslutna enheter (Adjecency table).

@ Hogre belastning d& tabellerna genereras dock.

Figur 11: Cisco Express Forwarding[2, Fig 4-7]
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Routing uppslagningsprocessen
Routingprotokoll

Does the destination P
; address match the
Packet arrives on
interface.

subnet of a
Check ARP cache
Router searches Directly (ARP if necessary)
the routing table for a Connecled it e e
matchl. Interface? host on local
subnet.
Encapsulate the
frame and forward
out of the exit
interface to the
next hop.
Drop the packst Encapsulate the
and send an ICMP Is there a gateway’ frame and forward
message back to of last resort ~out of the exit
the source IP available? interface to the
address. next hop.

Figur 12: Uppslagningsprocessen internt [2, Fig. 4-42]
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Basta vagen
Routingprotokoll

Hitta den basta vagen

Om det finns flera vagar att ta, hur vet man vilken som &r den basta
vagen?
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Basta vagen
Routingprotokoll

Hitta den basta vagen

Om det finns flera vagar att ta, hur vet man vilken som &r den basta
vagen?

@ Metric — Kvantitativt varde baserad pa en kostnad for att n3 ett
specifikt natverk.
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Basta vagen
Routingprotokoll

Hitta den basta vagen

Om det finns flera vagar att ta, hur vet man vilken som &r den basta
vagen?

@ Hogre Metric, samre vag.
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Basta vagen
Routingprotokoll

Hitta den basta vagen

Om det finns flera vagar att ta, hur vet man vilken som &r den basta
vagen?

@ Metric berdknas utifrdn en eller flera varden, beroende pa
routingprotokoll.
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Routingtabellen

Lokal tabell som inneh3ller vilka natverk som denne nod kan n3.
Vilka natverk som finns i tabellen styrs av hur noden ar konfigurerad
Direkt anslutna nat

Manuellt konfiguerade nit (statiskt)

K&nnedom via routing protokoll (dynamiskt)
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Administrativ distans
Routingtabellen

Routingprotokoll
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Administrativ distans
Routingtabellen

Routingprotokoll
@ Det finns flertal routing protokoll. RIP, OSPF, EIGRP, BGP osv.
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Administrativ distans
Routingtabellen
Routingprotokoll

@ Om en vag fas fran flera routingprotokoll, hur vet routern vilken som
den ska valja?
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Administrativ distans
Routingtabellen

Administrativ distans (AD)
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Administrativ distans
Routingtabellen

Administrativ distans (AD)

@ Prioriteringsviarde som anvands intern pa en cisco router.

Lennart Franked (MIUN IST) Natverksteknik A — Introduktion till Routing



Administrativ distans
Routingtabellen

Administrativ distans (AD)

@ Lagre AD ger hogre prioritet.
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Administrativ distans |l
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Kalla AD
Direkt ansluten 0

Statisk (default) 1

EIGRP summeringsadress 5

Extern BGP 20
Intern EIGRP 90
IGRP 100
OSPF 110
IS-1S 115
RIP 120
Extern EIGRP 170
Intern BGP 200
Okéand 255
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Administrativ distans |l
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Killa AD
Direkt ansluten 0
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Administrativ distans |l
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Kalla AD

Statisk (default) 1
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Administrativ distans |l
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Kalla AD

EIGRP summeringsadress 5
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Administrativ distans |l
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Kalla AD

Intern EIGRP 90
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Administrativ distans
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Kalla AD

OSPF 110
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Administrativ distans
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Kalla AD

RIP 120
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Administrativ distans
Routingtabellen

Tabell 2: Tabell 6ver Administrativ distans hos en Cisco router [2, Tab 4-5]

Kalla AD

Okand 255
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Routingtabellen

Directly Connected and Remote Network Routes
Diectly Conected
Herwork

192.188.10.0/2¢

209.165.200.224/30

Directy Comected
Network

Remote Networks

Figur 13: Routingtabellen [3]
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Routingtabellen |1

Lennart Franked (MIUN IST

Remote Network Entry Identifiers

192.168.11.0/24 1012024 .
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Figur 14: Routeposter i routingtabellen [3]
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Innehallsforteckning

o Statisk routing

@ Konfigurera Static Route

Lennart Franked (MIUN IST)
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Statisk routing

Router R2 is connected

Router R1 only has two
192.168.11.0/24 networks that | need to 101.20/24
know about, 5o | just
need two static routes to
reach those networks.

Figur 15: Statisk routing [3]
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For och nackdelar med statisk routing

_ Dynamic Routing Static Routing

Configuration Generally independent of the network size Increases with network size
Complexity

QLG T T EL L Automatically adapts to topology changes Administrator intervention required

Suitable for simple and complex topologies  Suitable for simple topologies
Security Less secure More secure

Uses CPU, memory, link bandwith No extra resources needed

Predictability Route depends on the current topology

Route to destination is always the same

Figur 16: Statisk, dynamisk [3]
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Statisk routing

Anvindningsomraden

Default Route
@ Default route matchar samtliga paket
@ Anvinds som sista utvdg, om ingen battre traff finns.
@ Destinationsadress dr angiven som 0.0.0.0/0

@ Anvands oftast nar det bara finns en vig ut fr&n natverket.
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Statisk routing

Anvindningsomraden

Stubbnatverk

G
Figur 17: Stub network [3]
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Statisk routing

Anvindningsomraden

SI& ihop flera natverk

172210016

1722000116

le summary route:
172230016 4

Figur 18: Summary Route [3]
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Statisk routing

Anvindningsomraden

Flytande route

Private WAN
17216.1.0130

HQ
209.165.200.224129

Figur 19: Floating static route [3]
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Exempel

Konfigurera Static Route

Sl(config) ip
Next-hop

route <net—id> <mask> <next—hop>

@ IP-address mottagare.
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Exempel

Konfigurera Static Route

Sl(config) ip

Next-hop

route <net—id> <mask> <next—hop>

e Utgdende interface.
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Exempel

Konfigurera Static Route

Sl(config) ip

Next-hop

route <net—id> <mask> <next—hop>

@ 'Fully specified’ IP och interface.
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Uppslagningsprocessen (Route Resolvability)

Konfigurera Static Route

Uppslag for ett paket som ska till subnat 192.168.2.0/24

R1

Physical Config cu Attributes
—

105 Command Line Interface

R1#

R14

R1#show ip route

Codes: L - local, C - connected, S - static, R - RIF, M - mobile, B - BGP
D - EIGRP, EX - EIGRP external, O - OSPF, 1A - OSFF inter area
N1 - OSPF NSSA extemnal type 1, N2 - OSPF NSSA extemal type 2
E1 - OSPF extarnal type 1, E2 - OSPF external typae 2, E - EGP
i-I5-15, L1 - 15-IS level-1, L2 - I5-15 lavel-2, ia - 15-15 inter area
* - candidate default, U - per-user static route, o - ODR
P - periodic downloaded static route

‘Gateway of last resort is not sat

192.168.0.0/24 is variably subnetted, 2 subnets, 2 masks
[ 192.168.0.0/24 is directly connected, GigabitEthemetd/0
L 192.168.0.1/32 is directly connacted, GigabitEthemet0/0
5 192.168.2.0/24 [1/0] via 200.100.50.2

200.100.50.0/24 is variably subnetted, 2 subnets, 2 masks
C 200.100.50.0/30 is directly connected, GigabitEthernet0/1
L 200.100.50.1/32 is directly connected, GigabitEthernet/1

R4

Ctrl+F6 to exit CLI focus Copy
Top
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Uppslagningsprocessen |l

Konfigurera Static Route

@ Enbart IP resulterar i en rekursiv uppslagning.

Lennart Franked (MIUN IST)
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Uppslagningsprocessen |l
Konfigurera Static Route

@ Interface anvands fér att undvika rekursiva uppslagningar.
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Konfigurera Static Route

Uppslagningsprocessen |l

o CEF |6ser rekursiv uppslagning genom att koppla ihop dessa i FIB.

Lennart Franked (MIUN IST)
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Uppslagningsprocessen 111

Konfigurera Static Route

Nar anvander man vad?

@ Point-to-Point racker interface.
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Uppslagningsprocessen Il
Konfigurera Static Route

Nar anvander man vad?

e multipoint/broadcast kan IP-address behdvas.
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