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Mal med forelasningen

Forklara funktionalitet och karaktdrsdrag for dynamiska
routingprotokoll

Jamnfdra routingprotokoll

Férklara hur distance-vector routing fungerar.
» Bellman-Ford

e Forklara hur link-state routing fungerar.

» Dijkstras algoritm.
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Klassificering av Routingprotokoll

Dynamic Routing Protocols

\] ¥

Interior Gateway Protocols (IGPs)

Distance Vector Ruutlng Link-State Rmmng Path-Vector Routing
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Figur: Klassificering av routingprotokoll [2017ScN]

Exterior Gateway Protocols (EGPs)
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IGP och EGP
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Figur: IGP och EGP [2017ScN]
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IGP — Distance Vector

Distance = How Far

172.16.3.0/24

—

Vector = Direction

For R1, 172.16.3.0/24 is one hop away (distance). It can be reached through R2 (vector).

Figur: Distance Vector [2017ScN]

Lennart Franked (MIUN IST) itverksteknik B - Dynamisk Routing



IGP — Link-State

R4 Link-state Database

172.163.024 e
state
Database

Link update
from R1

R1 Link-state Database R3 Link-state Database

Link-state protocols forward updates when the state of a link changes. ‘

Figur: Link State [2017ScN]
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IGP — Jamnforelse

Speed of Convergence Slow Slow Fast

Scalability - Size of Small Small Small Large Lzrge Large
Network

Use of VLSM No Yes No Yes Yes Yes
Resource Usage Low Low Low Medium High High
Implementation and  Simple Simple Simple Complex  Complex  Complex
Maintenance

Figur: Jamnforelse IGP [2017ScN]

Lennart Franked (MIUN IST tverksteknik B - Dynamisk R



Distance Vector Algoritmen

Mekanism for att skicka och ta emot routing information.
Mekanism for att berdkna basta vag och installera en route.
Mekanism for att upptdcka forandringar i topologin.

RIP anvander Bellman-Ford

EIGRP anvinder DUAL.
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Bellman-Ford

dy(y) := kostnad for den vag som har ldgst kostnad mellan x och y
dy(y) = miny{c(z,v) + du(y)}

min,, kollar alla grannar(v) till x
¢(z,v) kostnaden mellan x och v
dy(y) kostnaden mellan v och y
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Exempel Bellman-Ford

dy(z) = min{c(u,v) + dy(2),
c(u, z) + dy(2),
c(u, w) + dw(2)}
= min{2+ 5,
1+ 3,

543} =4 Figur: Bellman-Ford
example [Kurose2013cnal]
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Bellman-Ford

D, (y) := Uppskattad lagsta kostnad fran x till y

@ Noden x underhéller en lista D, = [D,(y) : y € N]
@ Detta innebar att:

» x maste kdnna till kostnaden till alla sina grannar v: ¢(z,v)
» For varje granne v maste x kinna till dess distansvektor
D, =[Dy(y) :y € N]
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Bellman-Ford

@ Alla noder periodiskt utbyta sina distansvektorer

@ Varje gdng en nod tar emot en ny distansvektor s3 uppdaterar den sin
routingtabell.

e D,(y) + miny{c(x,v) + Dy(y)} for varje nod y € N
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RIP Exempel
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Figur: RIP exempel [2017ScN]
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RIP Exempel
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Distance Vektor

@ Bellman-Ford ar [amplig att anvdnda pa grund utav att hela
routingtabeller utbyts.

e Kainslig for loopar.
@ Vet ej hur topologin ser ut.
o EIGRP anvinder sig utav DUAL (Aterkommer till denna algoritm)
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Link State Dynamic Routing
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Dijkstras Algoritm

@ Kostnaden mellan alla noder &r kind.
o Beradknar lagsta kostnaden till att n& en destination utifrdn sig sjalv.

o lterativ algoritm: Efter k iterationer s3 vet den ldgsta kostnaden till k
destinationer.
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Dijkstras Algoritm

@ c(x,y) kostnaden frén x till y. default = co

e D(v) nuvarande vérde for att n& nod v.

e p(v) Foregdende nod pa vagen till v

@ N’ Set av noder vars ldgsta kostnad for att n& ar kiand
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Dijkstras Algoritm

Initialization :
N' = {x}
For all nodes v:
if v adjecent to x:
D(v) = c(x,v)
else:
D(v) = oo

Loop until all nodes are added to N':
Find w that not in N', such that D(w) is a minimum
Add w to N’
Update D(v) for all v adjecent to w and not in N':
D(v) = min(D(v), D(w) + c(w,v))

Listing 1: Dijkstras algoritm [Kurose2013cna]
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D(v) D(w) D(x) D(y) D(z)
Steg N’ p(v)  p(w) p(x)  p(y) p(2)

0 u 7.u 3u 5,u %) %)

Figur: Topologi dijkstra exempel [Kurose2013cna]
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D(v)  D(w) D(x) D) D)

Steg N p(v) W) p(x) ply) P
0 u 7.u 3u 5,u %) %)
1 uw 6,w 5,u 11w oo

Figur: Topologi dijkstra exempel [Kurose2013cna]
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D(v)  D(w) D(x) D(y) D(z)

Steg N p(v) W) p(x) ply) P
0 u 7.u 3u 5,u %) %)
1 uw 6,w 5,u 11w oo

2 uwx 6,w 11w 14,x

Figur: Topologi dijkstra exempel [Kurose2013cna]
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D(v)  D(w) D(x) D(y) D(z)

Steg N p(v) W) p(x) ply) P
0 u 7.u 3u 5,u %) %)
1 uw 6,w 5,u 11w oo

2 uwx 6,w 11w 14,x

3 UWXV 10,v 14,x

Figur: Topologi dijkstra exempel [Kurose2013cna]
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D(v)  D(w) D(x) D(y) D(z)

Steg N p(v) W) p(x) ply) P
0 u 7.u 3u 5,u %) %)
1 uw 6,w 5,u 11w oo

2 uwx 6,w 11w 14,x

3 UWXV 10,v 14,x

4 uwxvy 12y

Figur: Topologi dijkstra exempel [Kurose2013cna]
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D(v)  D(w) D(x) D(y) D(z)
Steg N p(v) W) p(x) ply) P
0 u 7.u 3u 5,u %) %)
1 uw 6,w 5,u 11w oo
2 uwx 6,w 11w 14,x
3 UWXV 10,v 14,x
4 uwxvy 12y
5 uwxvyz

Figur: Topologi dijkstra exempel [Kurose2013cna]
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Routeprocessen
Link State Dynamic Routing

Link-state

@ Varje router |3r sig om sina direkt anslutna n3tverk.

Lennart Franked (MIUN IST)
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Routeprocessen

Link State Dynamic Routing

Link-state

@ Soker kontakt med andra routrar med ‘Hello-paket’
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Routeprocessen
Link State Dynamic Routing

Link-state

o Konstruerar ett Link State Paket (LSP) innehé&llandes information om
direkt anslutna natverk.
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Routeprocessen
Link State Dynamic Routing

Link-state

@ Skickar ut detta paket till sina grannar, som lagrar informationen i
deras Link State Database (LSDB)
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Routeprocessen
Link State Dynamic Routing

Link-state

@ Utifran informationen i databasen skapas en karta dver natverkets
topologi.
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Routeprocessen
Link State Dynamic Routing

Link-state

@ Bista route till varje subnat berdknas och installeras i routingtabellen.
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Direkt anslutna natverk
Link State Dynamic Routing

Link-State of Interface Fa0/0

1020018,
010006

oo,
y

Link-State of Interface S010/0

Figur: Lank 1 [2014RSE]

Figur: Lank 2 [2014RSE]
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Hello

Link State Dynamic Routing

Neighbor Discovery - Hello Packets.

Neighbor Discovery - Hello Packets

Figur: Fréga [2014RSE]

Figur: Svar 2 [2014RSE]
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Generera LSP

Link State Dynamic Routing

Building the LSP

10.5.0.0/16

10100«1& 10.1.0.0116

10.10.0.0/18

10.8.0.0/18

Figur: Generera LSP [2014RSE]

R1; Ethernet network 10.1.0.0/16; cost 2

R1 —> R2; Serial point—to—point network; 10.2.0.0/16; Cost 20
R1 —> R3; Serial point—to—point network; 10.7.0.0/16; Cost 5
R1 —> R4; Serial point—to—point network; 10.4.0.0/16; Cost 20
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Skicka ut LSP till alla grannar

Link State Dynamic Routing

Flooding the LSP

R1; Ethernet network; 10.1.0.0/18; Cost 2

R1-= R2; Serial point-to-point network; 10.2.0.0/16; Cost 20
R1-= R3; Serial pointto-point network; 10.3.0.0/16; Cost 5
R1-= R4; Sarial point-to-point netwaork; 10.4.0.0/18; Cost 20

10.1.0.0/16

FalD/0 .1

|2

Figur: Flood LSP [2014RSE]
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Skapa ett SPF trad

Link State Dynamic Routing

R1

R1 Link-states:
»  Connected to network 10.1.0. 018, cost = 2
Connected to R2 on network 10.2.0.0/16, cost = 20

»  Connected to R3 on network 10.3.0 0/18, cost

k-State Database

Identify the Directly Connected Networks

Connected to R4 on network 10.4 .0 0118, cost = 20
R2 Link-states:

Connected to network 10.5.0.0M6, cost = 2
Connected to R1on network 10.2.0.018, cost = 20
Connected to RS on network 10.9.0.0/16, cost =10

R3 Link-states:

- Connected to network 10.6.0.016, cost= 2 1010018
= Connected to R1on netwark 10.3.0.0/16, cos
= Connected to R4 on network 10.7.0.0/16, cost = 10

R4 Link-states:

Connacted to network 10.8.0.016, cost = 2
Connected to R1on network 10.4.0.0/16, cost = 2U

+  Connected to R3 on network 10.7.0.0/16, oos
Connacted to RS on network 10.10.0.0/16, cost = 20

R5 Link-states:
» Connected to network 10.11.0.0186, cost = 2

= Connected to R2 on network 10.8.0.0/16, cost = 10
» Connected to R4 on network 10.10.0.0186, cost =

10

10.4.0.0/16

SPF Tree
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Skapa ett SPF trad 2

Link State Dynamic Routing

Resulting SPF Tree of R1

De: tion Shortest Path “

10.5.0.0016
10.5.0.0116 R1-+R2 22
10.6.0.0116 R1-+R3 7
10.7.0.016 R1+R3 15 10.1.0.045

10.3.0.0/18
10.8.0.016 R1-»R3 -+ R4 7
10[107.0.0/18
10
-

10.9.0.0116 R1-»R2 30 10400.:3 10.10.0.0116
10.10.0.016 R1-3R3 R4 25
10.11.0.0116  R1 -+ R3-+ R4 RS 27 10.8.0.016

Figur: SPF-trad [2014RSE]
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Fordelar

@ D3 varje nod bygger upp topologin uppstar inga loopar.

o Foérandring skickas ut till samtliga noder, vilket ger en snabb
konvergering.

@ Hierarkisk design minskar skalbarhetsproblem.
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Nackdelar

@ Resurskravande

» Minne
» Processorkraft
» Bandbredd

o Komplicerad design krdvs vid storre natverk.
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Dijkstra's SPF Algoritm

Dijkstra's Shortest Path First (SPF) Algorithm
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Reflektionsfragor

o Nar ar det lampligt att anvanda statisk routing?

o Nar ar det lampligt att anvinda dynamisk routing?

@ For- och nackdelar med distance-vector och link-state?

o Fordelar med flera metrics for att berdkna kostnaden pa en lank?
@ Varfor vill vi ha en kort konvergeringstid?

o Vad péaverkar konvergeringstid?

e Vilket routingprotokoll har kortast konvergeringstid? Varfor?
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Rekommenderade dvningar PT

@ 5.2.1.6 — Investigating Convergence
@ 5.2.3.4 — Comparing RIP and EIGRP Path Selection
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