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Popular routing protocols

‘ Popular routing protocols I

‘ Interior \
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Exterior

‘ OSPF \
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3399 ol ol 5951

1 Bellman Ford ()

2 {

3 /I Initialization

4 for (i=1to N; for j=1to N)

5  {

6 If (i==j) D=0 ¢;=0

7 else Djj=o0 ¢;; = cost between i and |

8 b

9 /[ Updating

10 repeat

11 {

12 for (i=1toN;forj=1toN)

13 {

14 D;; € minimum [(cj; + Dyy) ... (ciy + Dyy)l
15 } // end for

16 } /[ untile (there was no change in previous iteraton)
17 1} // end Bellman_Ford
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RIP: Routing Information
Protocol
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\
Example of

updating
a routing table

New routing table

RIP message
from C RIP message
from C after
Net2 4 increment
Net3 8
Netb 4 Net2 5
Net8 3 Net3 9
Net9 5 Netb 5
Net8 4
Old routing table Net9 6
Netl 7 A ‘
Net?2 2 C _
Ngtﬁ 3 p Upda-tmg
Net8 A R algorithm
Net9 4 F

Netl 7 A
Net?2 9 C
Net3 9 C
Netb 3 C
Net8 4 E
Net9 4 F

Netl: No news, do not change
Net2: Same next hop, replace

Net3: A new router, add

Net6: Different next hop, new hop count smaller, replace

Net8: Different next hop, new hop count the same, do not change
Net9: Different next hop, new hop count larger, do not change
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Initial routing tables in a small
autonomous system

23 1 --
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Final routing tables for the previous figure

e
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RIP message format

Command Version Reserved
—
Family All Os

g Network address

S All Os

b

az All Os

Distance
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Request messages

| Com:1 | Version Reserved Com: 1 | Version Reserved
. Family All Os Family All Os
E Network address All Os
g All Os All Os
o All 0s All 0s
X All Os All Os

a. Request for some b. Request for all

@ TCP/IP Protocol Suite ery (e daaa iSO A e /




-
(Bammple 1 |

What is the periodic response sent by router
R1 1n Figure 13.8 (next slide)? Assume R1
knows about the whole autonomous system.
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Example 1

R?2

144.2.9.37

To next AS

144.2.7.23
144.2.9.30
144.2.9.34
144.2.12.8

R1 R3

144.2.7.0 144.2.9.0 144.2.12.0
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‘ Solution ‘

R1 can advertise three networks 144.2.7.0,
144.2.9.0, and 144.2.12.0. The periodic response

(update packet) 1s shown in Figure 13.9 (next
slide).
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Solution to Example 1
RIP message

5 1 Reserved
> All Os !
111:1-1267-{] Network
S 144.2.7.0
All Os
__ Y
; All Os 1
144.2.9.0 Network
All Os 144.2.9.0
All Os
. Y
Z All Os }
144.2.12.0 Network
All Os 144.2.12.0
ALl Os o
1 Y
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RIP timers

‘ Timers \
Periodic Expiration Garbage collection
25-35s 180 s 120 s
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A routing table has 20 entries. It does not
receive Information about five routes for 200
seconds. How many timers are running at
this time?
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‘ Solution ‘

The timers are listed below:
Periodic timer: 1
Expiration timer: 20 — 5 =15

Garbage collection timer: 5
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Slow convergence
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Hop count

Total hop count should be less than 16

|_.-' t._l
|-‘ rl
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Instability

@ TCP/IP Protocol Suite

Routing table

Routing table

Routing table

.........................

Netl 16 A

.........................




RIP messages

Split horizon

< Netz 1

RIP messages

Netl 1 H H Net3

Net3d 2

A

I
I
l. 1
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Poison reverse

RIP messages

RIP messages

Netl 16|[Netl 1 Netl 16||Netl 2
<= Net2 1||Net2 16 == <=1 Net2 16||Net2 1
Net3 2/||Net3 16 Net3 1 Net3 16
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RIP-v2 Format

Command Version

Reserved

Family

Route tag

Network address

Subnet mask

Repeated

Next-hop address
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2 SUppOrts

CIDR.
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Authentication
Command Version Reserved
FFFF Authentication type

Authentication data
16 bytes
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Areas in an autonomous system

Area 1 Area 2

Area border
router

Area border
router

Area 0 (backbone) ~ Touter LEles router

e=2> To other

Backbone Backbone AS boundary ASs

Autonomous system
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Types of links

‘ Types of links I

‘Point—tc}—pointl ‘ Transient | ‘ Stub | ‘ Virtual \
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Point-to-point link

4 4

0 Point-to-point network o

Router Router
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Transient link

A B

I
e E &

C D 1D

a. Transient network

A B A B

Designated router

C D E  C

D

b. Unrealistic representation c. Realistic representation
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Stub link

A A
L ﬁ Designated router
Ethernet

a. Stub network b. Representation
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Ethernet

Ethernet

@ TCP/IP Protocol Suite

Example of an internet

T-1 line

Token Ring

T-3 line
Ethernet
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Graphical representation of an internet

A DO
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Types of LSAs

Link state
advertisements

Router

link

Network
link

. Summary
Summary link link to AS
to network
boundary router
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External
link




Router link

To transient network

Advertising router Point-to-point

with four links

To stub network

Virtual
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Network link

Network with Designated Designated router
five links router advertises the links
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Summary link to network

Area 1 Area 2
Flooded by the area Flooded by the area
border router into t border router into t
the area the area
R1 ; ' R2
; _ Summary link fo network T S— ! Summary link
to network
Area 0
Autonomous system
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Summary link to AS boundary router

Area 1 Area 2
Flooded by the area Flooded by the area
t border router into t border router into
the area the area

Summary link to AS boundary router
Area 0

Autonomous system
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AS boundary
router




External link

Area 1 Area 2
Flooded by the AS
boundary router <=
into the AS
Area 0
Autonomous system
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Example3

In Figure 13.31 (next slide), which router(s)
sends out router link LSAs?
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Example 3 and Example 4

R2
To next AS

R1 R3

Net 1 Net 2 Net 3
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‘ Solution ‘

All routers advertise router link LSAs.
R1 has two links, Netl and Net2.
R2 has one link, Netl 1n this AS.
R3 has two links, Net2 and Net3.
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Exampled

In Figure 13.31, which router(s) sends out
the network link LSAs?
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T N

Solution

All three network must advertise network links:

Advertisement for Netl 1s done by R1 because i1t 1s
the only router and therefore the designated router.

Advertisement for Net2 can be done by either R1,
R2, or R3, depending on which one 1s chosen as
the designated router.

Advertisement for Net3 1s done by R3 because it 1s
the only router and therefore the designated router.
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the same link state database.
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Shortest path calculation

QD
a. Start with A b. Make A permanent, add its neighbors
8 0 DIS8
7 5
ND—[C ;
51B

c. Make N1 permanent, add its neighbors
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d. Make C permanent, add its neighbors




Shortest path calculation

0 DIs 0 D|3
7 5 7 5
AD—¢ 5 QND>—€ 5
5[B E ]9 5B (E]o
e. Make B permanent, add its neighbors f. Make N2 permanent

B o, ¥
5

7 s 7 5 |
@ | @D &G
51 B Elo 51 B E|?

ll

g. Make D permanent, add its neighbors h. Make E permanent, add its neighbors
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Shortest path calculation

8
0 D
oo—[E
s[B

7

tn

a>—

5 1 10
B E

51 B

n

51 B
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k. Make N4 permanent

l. Make N5 permanent




Types of OSPF packets

OSPF
packets
Database Link state Link state
Hello o
description request update

Router link
Network link
Summary link to network

Summary link to AS boundary router
External link

Link state
acknowledgment
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OSPF packet header

Version Type Message length

Source router IP address

Checksum Authentication type

Authentication
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Hello packet

Common header
24 bytes Type: 1

Network mask

Hello interval All Os E | T| Priority

Dead interval

Designated router IP address

Backup designated router IP address

I:: Neighbor IP address

Repeated
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Database description packet

24 bytes

Common header

Type: 2

All Os

All Os

E

All Os

Message sequence number

Repeated
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[LSA header
(20 bytes)




Link state request packet

Common header
24 bytes  Type: 3

Link state type

Link state ID

Repeated

Advertising router
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Link state update packet

Common header
24 bytes Type: 4

Number of link state advertisements

Repeated

@ TCP/IP Protocol Suite

[ink state
advertisement

(Five different types)
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L.SA header

Link state age Reserved | E | T | Link state type
Link state ID

Advertising router

Link state sequence number

[ink state checksum
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Router link LSA

[ink state header

20 bytes  Type: 1

Repeated
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Reserved | E Reserved Number of links
1 Link ID
-
= Link data
a¥]
E Link type # of TOS Metric for TOS 0
‘I"_:| TOS Reserved Metric




-
Example S

Give the router link LSA sent by router
10.24.7.9 1n Figure 13.41.

@ TCP/IP Protoco 1 Suite ey s deaa yiSO aa yia




Example 5
10.24.7.10
|
|
| —
=
'ﬁl"l -]
g1 T
512
b | =
.85
o
I 2
|
|
3 | 1 2 point-to-point
metric: 2 6 metric: 6
10.24.7.9
10.24.7.0/24
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‘ Solution ‘

This router has three links: two of type 1 (point-to-

point) and one of type 3 (stub network). Figure
13.42 shows the router link LSA.
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Solution to Example 5

OSPF Header Type: 4
LLSA Header Type: 1
3
i 10.24.7.10
1
1
4
: i 10.24.7.11
3 i L s 2
10.24.7.9 !
6
i 10.24.7.0
255.255.255.0
e |
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Network link advertisement format

Link state header
20 bytes  Type: 2

Network mask

Repeated

@ TCP/IP Protocol Suite

Attached router
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-
Example

Give the network link LSA 1n Figure 13.44.
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Example 6

10.24.7.14 10.24.7.15 10.24.7.16
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‘ Solution ‘

The network, for which the network link
advertises, has three routers attached. The LSA

shows the mask and the router addresses. See
Figure 13.45.

Note that only one of the routers, 1/ie designated
router, advertises the network link.
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Solution to Example 6

OSPF Header

Type: 4

255.255.255.0
10.24.7.14
10.24.7.15
10.24.7.16
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Summary link to network LSA

Link state header
20 bytes  Type: 3

Network mask

Metric

Repeated
|
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Summary link to AS boundary LSA

Link state header
20 bytes  Type: 4

All Os

Repeated
|
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External link LSA

Link state header
20 bytes  Type: 5

Network mask

TOS Metric

Forwarding address

Repeated

External route tag
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Link state acknowledgment packet

Common header
24 bytes  Type: 5

Link state header
20 bytes Corresponding type
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[ Note J

OSFPF packets are

encapsulated in IP datagrams.
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Path vector packets
AS1 AS?2
R2
.
N1 RI AST | |N1R2 AS2, AS1

R1

R3

N1 R3 AS3, ASZ2, AS1

R4

AS4 AS3
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Types of BGP messages

BGP
messages

‘ Open | ‘ Update | ‘ Keepalive | ‘ Notification |
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[ Note )

bGP supports classless

addressing and CIDR.
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BGP packet header

(32 bits)
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Open message

Common header
19 bytes Type: 1

Version
My autonomous system Hold time
BGP identifier
Option length
Option
(Variable length)
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Common header
19 bytes Type: 2

Unfeasible routes length

Unfeasible routes length

Withdrawn routes
(Variable length)

Path attributes length

Path attributes
(Variable length)

Network layer reachability information
(Variable length)
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Update
message

™~




Keepalive message
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Notification message

Common header
19 bytes Type: 4

Error code

Error subcode

Error data

(Variable length)
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.~ Note |

bGP uses the

services of TCP on port 179.
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