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Objectives
= Describe the basic features & concepts of link-state
routing protocols.

= List the benefits and requirements of link-state routing
protocols.
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Introduction

In'this chapter, you will learn to:

v Descnbe the basic features and concepts of [ink-state routing protocols.
v List the benefts and requirements of ink-state routing protocols.
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Link-State Routing

= Link state routing protocols
-Also known as shortest path first algorithms

-These protocols built around Dijkstra’s
SPF

Classification of Routing Protocols

Interior Gateway Exterior Gateway
Protocols Protocols
Distance Vector Routing Link State Rowting Protocols Path Vector
Protocols
Clas=ful RIP IGRP EGF
Classless RIPw2 EIGRP OSPFv2 I5-15 I BGPvd

IPué RIPng EIGRP for IPvG OS5SPFv3 15-15 for IPvE -




. F 'v A —
atfran ] ” 8 % 7 e

CISCo. Ae - _Cischetwerkirigﬂademy'

Link-State Routing

Dikjstra’s algorithm also known as the shortest path first
(SPF) algorithm

Dijkstra’s Shortest Fath First Algorithm

Shortest Path for host on R2 LAN to reach host on R3 LAN:
R2 to R1 {20) + R1to R3 (5) + R3 to LAN (2) = 27
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Link-State Routing

= The shortest path to a destination is not necessarily the
path with the least number of hops

Introduction to the SPF Algorithm
SPF Tree for R1

Destination Shortest Path Cost
R2 LAN R1toR2 22
R3LAN R1toR3 7

R4 LAN R1toR3to R4 17

R5 LAN R1toR3to R4to RS 27
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Link-State Routing

Link-State Routing Process

= How routers using Link State Routing Protocols reach
convergence

-Each routers learns about its own directly connected networks

-Link state routers exchange hello packet to “meet” other
directly

connected link state routers.

-Each router builds its own Link State Packet (LSP) which
Includes information about neighbors such as neighbor ID, link
type, & bandwidth.

-After the LSP is created the router floods it to all neighbors who
then store the information and then forward it until all routers
have the same information.

-Once all the routers have received all the LSPs, the routers
then construct a topological map of the network which is used to
determine the best routes to a destination
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Link-State Routing

= Directly Connected Networks

Link State Information for R1

[ | L k Link 2;
I n « Metwork 10.2.0.016

* P address 10.2.01
= Type of network: Serial

This is an interface on a ! sttt |
ro u te r 10'1'0'011&5?”0 Lmt( 3:Network 10.3.0.016

* P address 10.3.0.1

sl 5
= Type of network: Serial

A .1 10.3.0.0116
£20/0 . \\ * Costofthatlink: &

= Link state
This is the information \

= |Faddress 10.1.0.1

about the state of the - Tpeainewa Eheel

Costof that link: 2
* P address 10.4.0.1

- = Neighbors: none
In S = Type of netwark: Serial

= Costofthatlink 20
= Neighbors: R4
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Link-State Routing

Sending Hello Packets to Neighbors
= Link state routing protocols use a hello protocol
Purpose of a hello protocol:

-To discover neighbors (that use the same
link state routing protocol) on its link

Link-State Routing Process
10.5.0.0ME

10100001 10.41.0.0ME

102 .00M6

20 10
10.4.0.00M16

10.8.0.0ME

1. Each router learns ahaout each of its own directly connected networks.
2. Each router is responsihle for"saying hello” to its neighbors on directly connected netwarks.
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Link-State Routing
Sending Hello Packets to
Neighbors

Neighbor Discovery—Hello packets

Hello I'm R1| 5“-"“-"1“

—T(

1.3.0.0/16

= Connected interfaces that are using
the same link state routing protocols
will exchange hello packets. !

5

14.0.0/16

= Once routers learn it has neighbors
they form an adjacency

Neighbor Discovery—Hello packets

-2 adjacent neighbors will
exchange hello packets

Hello R1,I'm B2 |

-These packets will serve as a
keep alive function

Hello R1,I'm R3 |

S0/0/
K] 2
02

1.3.0.0/16

1.4.0.0/16 Hello R1,I'm R4 |



atfran ]
CISCO.

Link-State Routing
Building the Link State Packet

= Each router builds its own
Link State Packet (LSP)

Contents of LSP:

-State of each directly
connected link

-Includes information

about neighbors such as

neighbor ID, link type, &
bandwidth.
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Link-State Routing Process

1. Each router learns about each of its own directly connected networks.
2. Each router is responsible for "saying hello" to its neighbors on directly connected networks.
3. Each router builds a Link-State Packet (LSP) containing the state of each directhy connected link.

Link-State Routing Process

. Rl; Ethernmet netwerk 10.1.0.0/16; Cost 2
. Rl => R2; Serial point-to-point network; 10.2.0.0/16; Cost 20
3. Rl -> R3; Serial point-to—point network: 10.32,0.0/18; Cost 5
4. Bl => Bd; Serial point-to-point network; 10.4.0.0/16; Cost 20
l 10.2.0.0/16 10.9.0.0/16

1010016 by op 10.11.0.0/16

| Fa 00
2| A

10.4.0.0116

A0.8.0.0/16
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Link-State Routing
Flooding LSPs to Neighbors

= Once LSP are created they are forwarded out to
neighbors.

-After receiving the LSP the neighbor continues to
forward it throughout routing area.

Link-State Routing Process

10.5.0.0M6

10.1.00ME 10.11.0.0ME

2
[10.E.0.0/ME

1=

10,8006
Link-State Routing Process
1Ehut| abot & hfitwd'dly ctdetwk
2. Each router p sible for "saying hello" to its ghb n clires n:ﬂ',-' nected etwrks.
3. Each router b Id a Link-State Packet (LSP) contai gth S"[a‘t of & hd rectly connected link.
4. Each router floods the LSP to all neighbors, who then store &ll LSPs wed in datbse.
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Link-State Routing

= LSPs are sent out under the following conditions
-Initial router start up or routing process
-When there is a change in topology

Flooding of the R1 LSP

R1 Link State Contents

= R1; Ethernet netvwark 10.1 0.0ME; Cost 2

* Rl -=R2 Serisl point-to-point netswork; 10.2.0.0M5; Cost 20 5
* R -=R3 Setisl point-to-point netswork; 10.3.0.0M6; Cost 5 -
* R1 -= R4 Serisl point-to-point netswork; 10.4.0.0M6; Caost 20
10.2.0.0/16
3 10.9.0.0/16
1010016 o« 20 10110016
. 2 | =1 2
Fa 00 A1

JreR— @ 10.1.0.016

2 10.3.0.0/16 | 1

L&P 10.1.0.0/16

10
20 10.10.0.0116
10.4.0.0/16
SR LSF

I

10.8.0.0/16

10.5.0.0016
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Link-State Routing
Constructing a link state data base

= Routers use a database to construct a topology map of
the network

Link-State Routing Process

A0.5.0.0ME

10.2.0.0M6 10.8.00ME

10.1.0.0ME 10.11.0.0ME

10 A0.0.0ME

1=z

10.2.0.0ME

Link-State Routing Process

Each router learns ahout each ofits own directly connected networks.
Each router is responsible for "saying hello® to its neighbors on directly connected networks.
Each router builds a Link-State Packet {LSP) containing the state of each directly connected link.

Each router floods the LSP to all neighbors, who then store all LSP s received in a database.

L

Each router uses the database to construct a complete map ofthe topology and computes the best
Dath to each destination network.
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R1 Link-State Database

R1= Link-State Databasel SP= fram B2
= Connected to neighbor B1 on netvwork 1020016, cost of 20
=  Connected to neighbor B3 on netvwork 10.9.0.01 6, cost of 10
= Haz anetwork 1020016, cost of 2

L=F= from R3:
=  Connected to neighbor B1 on netwwork 1030086, cost of S
=  Connected to neighbor B4 on network 10,7 00816, cost of 10
= Hasanetwork 1060086, cost of 2

LSF= from Rd:
=  Cconnected to neighbor B1 on netwwork 10,4 00816, cost of 20
o Connected to neighbor B3 on netwwork 107 .00M 6, cost of 10
= Connected to neighbor RS on netvwork 10100046, cost of 10
=  Hazanetwork 1080046, cost of 2

L=P= from RS:
= Connected to neighbor B2 on netvwwork 109.0.0M 6, cost of 10
=  Connected to neighbor B4 on netvwork 10100046, cost of 10
= Hasz anetwork 1011 0046, cost of 2

F1 Link-states:
= Connected to neighbor B2 on netvwork 10.2.0.0M 6, cost of 20
= Connected to neighbor B3 on netvwork 1030016, cost of 5
= Connected to neighbor B4 on netvwork 10,4 0016, cost of 20

Destination Shortest Path Cost
R2 LAN R1toR2 22
R3 LAN R1to R3 ¥
R4 LAN R1toR3to R4 17

R5 LAN R1toR3to R4 to R5 27
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Link-State Routing
Shortest Path First (SPF) Tree

= Building a portion of the SPF tree

Process begins by examining R2’s LSP information
-R1 ignores 1st LSP

Reason: R1 already knows it's connected to R2

F1 Links-states:
= Connected to neighbor B2 on network 1020016, cost of 20
= Connected to neighbor B3 on network 103.00M6, cost of 3
= Connected to neighkbor R4 on network 10.4.00M 6, cost of 20
=  Has anetwork 101 0016, cost of 2
LZPs from R2:
= Connected to neighbor B4 on network 10.2.00M 6, cost of 20
=  Connected to neighbor RS on network 109.00M 6, cost of 10
10.1.0.0M6 10110046 = Hasz anebwork 1050016, cost of 2
LSPs from R3:
= Connected to neighkor B on network 10.3.00M6, cost of 5
= Connected to neighkbor B4 an network 10.7.0.0M 6, cost of 10
= Has anetwork 1060016, cost of 2
= LZP= from R4:
= Connected to neighbor B4 on network 10.4.00M 6, cost of 20
= Connected to neighbor B3 on network 1070016, cost of 10
= Connected to neighbor RS on netywark 10.10.0.0M 6, cost of 10
: = Has anetwork 10.5.0.016, cost of 2
Z | LZ=P= from RAa:
10.2.0.0ME =  Connected to neighbor B2 on network 109.00M 6, cost of 10
= Connected to neighbor R4 on netyark 10100046, cost of 10
=  Has anetwork 10.11.0.016, cast of 2

10.5.0.0M6

10.9.0.0M6
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Link-State Routing

= Building a portion of the SPF tree
-R1 uses 2nd LSP

Reason: R1 can create a link from R2 to R5.
This information is added to R1's SPF tree

R1s Link State Database

R1 Links-states:
= Zonnected to neighbor B2 on netvwork 102,008, cost of 20
= Connected to neighbar B3 on netvwoaork 10.53.00M18, cost of 5
= Connected to neighbor R4 on netvwork 10.4.0.0M8, cost of 20
®*  Haz anetwork 101 0.0M6, cost af 2
LSPs from R
= Zonnected to neighbor B1 on netvwork 102,008, cost of 20
=  Connected to neighbor RS on netvwork 10.9.0.0M8, cost of 10
10.11.0.0M8 = Haz anetwork 1050016, cost of 2
LSPs from R3:
= Zonnected to neighbor B1 on netvwork 10.3.00M6, cost of 5
=  Connected to neighbor R4 on netvwork 10.7.0.0M8, cost of 10
= Has anetwork 1060016, cost of 2
= LZPs from R4
= Zonnected to neighbor B1 on netvwork 1040018, cost of 20
=  Connected to neighbaor B3 on netvwork 10.7.0.0M8, cost of 10
= Connected to neighbor RS on network 10100046, cost of 10
: ®*  Haz anetwork 1050006, cost af 2
2 | LSPs from RS
10.2.00ME = Connected to neighbor B2 on netvork 10.9.00M6, cost of 10
= Connected to neighbar B4 on netvwork 10.10.0.0M 6, cost of 10
= Has anetwork 10.11.0016, cost of 2

A10.5.0.0M6

10.9.0.0M6

10.2.0.0M6

10.1.0.08M86
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= Building a portion of the SPF tree

-R1 uses 3rd LSP

=Reason: R1 learns that R2 is connected to

10.5.0.0/16.

=This link Is added to R1's SPF tree.

10.5.0.0M86

10.3.0.0M8

10.2.0.0M6

10.1.0.0M& 10110018

10.5.0.00M18

R1s Link State Database

R1 Links-states:
=  Connected to neighbor B2 on netwwork 1020016, cost of 20
=  Connected to neighbor B3 on netwwork 10300016, cost of S
=  Connected to neighbor B4 on netwwork 1040016, cost of 20
= Hasanetwork 101 0016, cost of 2

LSPs from R2:
=  Connected to neighbor B1 on network 102 00016, cost of 20
*  Connected to neighbor RS on network 10.9.0.0M6, cost of 10
= Has anetwork 10.5.0.0M6, cost of 2

L=Ps from R3:
=  Connected to neighkbor B1 on network 1030016, cost of 5
=  Connected to neighkbor B4 on network 10,7 0016, cost of 10
* Has s network 106.0.016, cost of 2
= L3Ps from R4:
=  Connected to neighbor B1 on network 10,4 0016, cost of 20
=  Connected to neighbor B3 on network 10,7 0016, cost of 10
=  Connected to neighbor BS on netwwork 101000416, cost of 10
* Has anetwork 1080016, cost of 2

L=Ps from RS:
=  Connected to neighbor B2 on network 10.9.0.0M6, cost of 10
=  Connected to neighkbor B4 on network 10100016, cost of 10
= Has anetwork 1011 .00ME, cost of 2
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Link-State Routing

= Determining the shortest path

The shortest path to a destination determined by adding the
costs & finding the lowest cost

SPF Tree for R1
10.5.0.016

10.8.0.0/16
Destination Shortest Path Cost
R? LAN R1to R2 22
R3 LAN R1to R3 7
R4 LAN R1toR3 to R4 17

R5 LAN R1to R3to R4 to RS 27
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Link-State Routing

= Once the SPF algorithm has determined the shortest
path routes, these routes are placed in the routing

table . R1 Routing Table

= Metwork 100500016 via B2 serial 000 at a costof 22
10.5.0.018 = Mebwork 10.6.0.0016 via R3 serial 0001 at a costof 7
= Metwark 10.7.0.0016 via B3 serial 01051 ata costof 14
= Metwork 100800016 via B3 serial 00/ ata costof 17
= Metwork 10.9.0.0016 via B2 serial 07050 at & cost of 30
= Metwork 10010.0.0M1 6 via B3 serial 00 at 5 cost of 25
= Metwork 10.11.0.01 6 viaR3 serial 70N at a costof 27

10.2.0.016

1010016 10 110,016

R1 Routing Table

Directly Connected Metworks
= 10.1.0.0M16 Directly Cannected ketwark
= 10.2.0.0M6 Directly Cannected Metwork
= 10.3.0.0M6 Directly Cannected ketwork
= 10.4.0.0016 Directly Connected Metwork
Remaote Metworks
= 10.5.0.0M6via R2 serial Oi0f0, cost= 22
= 10.6.0.0MEwvia B3 serial 0/00, cost=7
= 10.7.0.0MBvia R3 serial 0i0f1, cost=14
= 10.8.0.006via B3 serial /051, cost=17
= 10.9.0.0M6via R2 serial 0/0M0, cost= 30
= 10100016 via B3 serial 0i001, cost= 24
= 10.11.0.0M16 via R3 serial 00, cost= 27

10.8.0.016
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Link-State Routing Protocols

Advantages of a Link-State Routing Protocol

Routing Builds Router can A periodic/ Use
protocol Topological independently Convergence event driven of
map determine the routing updates LSP

shortest path to
every network.

A
al
A
l
A
al
A
al
A
al
\ 4

Distance No No Slow Generally No No
vector

A
al
A
l
A
al
A
al
A
al
\ 4

Link State Yes Yes Fast Generally Yes Yes
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Link-State Routing Protocols

Requirements for using a link state routing protocol

= Memory requirements

Typically link state routing protocols use more
memory

= Processing Requirements

More CPU processing is required of link state
routing protocols

= Bandwidth Requirements

Initial startup of link state routing protocols can
consume lots of bandwidth
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Link-State Routing Protocols

= 2 link state routing protocols used for routing IP
-Open Shortest Path First (OSPF)
-Intermediate System-Intermediate System (I1S-1S)

OSPF and 1SS

OSPF

» QESPFw2 OZPF for IPvd networks (RFC 1247 and RFC 2328}
» QS5PFv3: O5PF for IPvE networks (RFC 2740)
= QEPFv2 discussed in chapter 11

= |50 10589

» |ntegrated 15-15, Dual 13-15 supports IP networks
» Llsed mainly by 15Ps and carriers

» Discussed in CCMP



Summary

= Link State Routing protocols are also known as
Shortest Path First protocols

= Summarizing the link state process
-Routers 1ST learn of directly connected networks
-Routers then say “hello” to neighbors
-Routers then build link state packets
-Routers then flood LSPs to all neighbors

-Routers use LSP database to build a network topology
map & calculate the best path to each destination



Summary

= Link
An interface on the router
= Link State
Information about an interface such as
-IP address
-Subnet mask
-Type of network
-Cost associated with link
-Neighboring routers on the link
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Summary

= Link State Packets

After initial flooding, additional LSP are sent out
when a change in topology occurs

= Examples of link state routing protocols
-Open shortest path first
-1S-IS
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