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Intradomain and Interdomain routing

*Routing inside an autonomous system is referred to
as intradomain routing

*Routing between autonomous systems is referred
to as interdomain routing.

Autonomous systems

Autonomous system Autonomous systermn

R4

Autonomous system Autonomous .‘i_‘,"h‘"‘.[l]
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Popular routing protocols

Routing protocols

Intradomain Interdomain
|
| |
Distance Link Path
vector state vector
RIP OSPF BGP

Distance vector routing tables

To Cost Next To Cost Next
A0 [— Als [—
B |5 |— Blo |[—
c |2 |— C |4 [—
D |3 |— D|8 | A
E|6 |C E |3 [—

A's table B's table

To Cost Next To Cost Next
A3 | — To Cost Next A6 IC
B |8 |A B|3|[—
cl|s|aA Alz = cl4|—
Dlo [— B |4 |— D9 |C
Elg |A g g I Elol—
D's table Ela [— E's table

C's table
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Initialization of tables in distance vector
routing
To Cost Next To Cost Next
A0 [— Als [—
B |5 |— B |0 [—
c |2 |— C |4 [—
D3 |— D |0
E |eo E |3 [—
A's Table B's Table
To Cost Next To Cost Next
A3 |— A oo
B |e B3 [B
C oo Cl4 |C
D0 [— D |
E | E |0 [D
D's Table E's Table
C's Table

In distance vector routing, each node
shares its routing table with its
immediate neighbors periodically and
when there is a change.




Updating in distance vector routing

To Cost To Cost Next To Cost Next
A2 Ala [C A0 [—
B |4 B|l6 [C B|5 [—
C|lO P—»=C |2 C—P'Compare"'(—c 2 | —
D |eo D | [C D3 [—
E |4 E |6 [C ¢ E | oo
Received A's Modified A's Old Table
from C Table To Cost Next

A0 [—

B |56 [—

Clz [—

D |3 [—

E |6 [|C

A's NewTable

Two-node instability
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Three-node instability

: @

HEH
- B

Before failure || X

After A sends

the route to B
and C, bul the @ o 4 o
packet to C is w
lost o
After C sends @ ° 4 o
the route to B w

'

After B sends ® ° 4 o
the route to A w
'

RIP

* RIP Message Format

* Requests and Responses
* Timers in RIP

* RIP Version 2

» Encapsulation
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Example of a domain using RIP
130.10.0.0 130.11.0.0

195.2.4.0 205.5.5.0
o~
=
e
—
@ 130.10.0.1 a ™ 130.11.0.1
195.2.5.1 = 205.5.6.1
=
o
— —~
195.2.5.0 205.5.6.0
195.2.5.2
195.2.6.1| 13
—
195.2.6.0
Dest. Hop MNext Dest. Hop  Next Dest. Hop  MNext Dest. Hop  Mext
130.10.0.0] 1 130.10.0.0] 1 130.10.0.0f 2 130.10.0.0) 2 [130.11.0.2
130.11.0.0] 1 130.11.0.0] 2 130.10.0.2 K 3 130.11.0.0] 1
24.0] 2 (301001 1 2 195.2.4.0] 3 301102
2 [130.10.0.1 1 1 3 [130.11.02
D)3 [130.10.0.1 2 |195.2.5.2 1 4 l1ao.11.0.2
2 [130.11.0.1 3 [130.10.0.2 4 1
2 [130.11.0. 5.F 3 [130.10.0.2 04|19 . 1
Table K2 Table K3 Table R4 Table
RIP message format
Command | Version Reserved
Family All Os
2 Network address
z
45
% All Os
a2 All Os
Distance




Repeated

Request messages

Com: 1 | Version Reserved Com: 1 | Version Reserved
Family All Os Family All Os
Network address All Os
All 0s All 0s
All 0s All 0s
All Os All 0s

a. Request for some

b. Request for all

Example 1

The following figure shows the update message sent
from router R1 to router R2 in Figure 14.8. The
message is sent out of interface 130.10.0.2.

The message is prepared with the combination of split
horizon and poison reverse strategy in mind.

Router R1 has obtained information about networks
195.2.4.0, 195.2.5.0, and 195.2.6.0 from router R2.
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Example 1

When R1 sends an update message to R2, it
replaces the actual value of the hop counts for these
three networks with 16 (infinity) to prevent any
confusion for R2.

The figure also shows the table extracted from the
message.

Router R2 uses the source address of the IP
datagram carrying the RIP message from R1
(130.10.02) as the next hop address.

Solution:
RIP message
2 I 1 [ -
01000 L
I
1 4 1
2 | |
130.11.0.0 |
r
|
z _} ] | : Dest.  Hop
105.2.1.0 i
I == 130.10.0.0 1
16 _ ) =—---|130.11.0.0( 1
] 5555 t————195.24.0 |16
bo e I3 N
****** 195.2.5.0 |16
16 | r=———[195.2.6.0 |16
z_ 1 — T r—=—205.5.5.0 | 2
=T 200.560 2
16 J n Table extracted
. 3115.!’:_3_0 h from message
--- : before incrementing
2z i 1
-3 I I
205.5.6.0 1
2 -
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RIP timers

Timers
Periodic Expiration Garbage collection
25-35s 180s 120 s
Example

A routing table has 20 entries.

It does not receive

information about five routes for 200 s. How many timers

are running at this time?

Solution

The 21 timers are listed below:

Periodic timer: 1

Expiration timer: 20 - 5 =15
Garbage collection timer: 5

11/10/2010
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RIP version 2 format

Command Version Reserved
Family Route tag

= Network address

g Subnet mask
a2 Next-hop address
Distance
Authentication RIP v2
Command Version Reserved

FFFF Authentication type

Authentication data
16 bytes

11/10/2010
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Link state rounting

In link state routing, if each node in the domain has
the entire topology of the domain, the node can use
Dijkstra’s algorithm to build a routing table.

* Building routing tables

Concept of link state routing

11/10/2010
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Link state knowledge

' B '
A's States ofhnks,\ ’: B's States of links

D's States oflinks" ‘l E's States of links

Dijkstra algorithm
CSart >

Sel root to local node and |

move it to tentative list

Among nodes in tentative list, move the
one with the shortest path to permanent list.

!

Add each unprocessed neighbor of last moved
node to tentative list if not already there.

If neighbor is in the tentative list with larger
cumulative cost, replace it with new one.

|

11/10/2010
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Example of formation of shortest path tree

rool

®

1. Set root to A and move A 1o 2. Move A to permanent list and add
tentative list B, C. and D to entative list

3. Move C 1o permanent and add E 1o
tentative list

5. Move B o permanent list 6. Move E to permanent list {temative list
is empty)

Example of formation of shortest path tree

root root

IJ@ 0 A ®5
(9
3

1. Set root to A and move A to 2. Move A to permanent list and add
tentative list B, C, and D to tentative list

root
0(A

10

3. Move C to permanent and add E to
tentative list

5. Move B to permanent list 6. Move E to permanent list (tentative list
is empty)
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Routing table for node A

Node Cost Next Router
A 0 —
B 5 —
C 2 —
D 3 —
E 6 C

OSPF

The Open Shortest Path First (OSPF) protocol is an
intradomain routing protocol based on link state
routing. Its domain is also an autonomous system.

* Areas

* Metric

* Types of Links

» Graphical Representation
* OSPF Packets

» Link State Update Packet
* Other Packets

* Encapsulation

11/10/2010
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Areas in an autonomous system

Area 1 Area 2

Area border
router

Area border

router
M E==2> To other
Backbone Ba‘Ckbone AS boundary ASs
Area 0 (backbone) router izl router
Autonomous system
Types of links
Types of links
Point-to-point Transient Stub Virtual

11/10/2010
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Point-to-point link

4

4

Router

Point-to-point network

Router

Transient link

-
e E &

C D E

a. Transient network

A B A B
Designated router
C D E C D E

b. Unrealistic representation

c. Realistic representation

11/10/2010
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Stub link
A A
i 3 Designated router
Ethernet
a. Stub network b. Representation

Example of an AS and its graphical
representation in OSPF
A D
& Tiime ‘T’
F
T N3 < I
| < & T3hne T F NG
N1 N4
a. Autonomous Systemn
8
2]
2 9
N3 N5
il_E
2
b. Graphical Representation
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Types of OSPF packets

OSPF
packets
Hello Database Link state Link state Link state
’ description request update acknowledgment

1. Router link
2. Network link
3. Summary link to network

5. External link

4. Summary link to AS boundary router

OSPF common header

7 8 15 16 31
Version Type Message length
Source router TP address
Area Identification
Checksum Authentication type
Authentication
(32 bits)

11/10/2010
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Repeated

Link state update packet

OSPF common header
24 bytes Type: 4

Number of link state advertisements

Link state advertisement
Any combination of five different kinds
(network link, router link, summary link to network, summary to

boundary router, or external link)

LSA general header

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

Link state ID

Advertising router

Link state sequence number

Link state checksum Length

11/10/2010
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Router link

Advertising router
with four links

To transient network

Point-to-point

To stub network

Router link LSA

OSPF common header
24 bytes  Type: 4

Number of advertisements

LLSA general header
20 bytes  Type: 1

Reserved | E | B | Reserved Number of router links
Link 1D

=

= Link data

5]

E Link type # of TOS Metric for TOS 0

eserve etric
s TOS R d M

Repeated

11/10/2010
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Link types, link identification, and link data

Link Type

Link Identification

Link Data

Type 1: Point-to-point

Address of neighbor router

Interface number

Type 2: Transient

Address of designated router

Router address

Type 3: Stub

Network address

Network mask

Type 4: Virtual

Address of neighbor router

Router address

Example

Give the router link LSA sent by router 10.24.7.9 in Figure.

Solution

This router has three links: two of type 1 (point-to-point)
and one of type 3 (stub network).

Figure shows the router link LSA.

11/10/2010
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Example

10.24.8.10

point-to-point
metric: 4

point-to-point

ﬁo.ggg.n

10.24.7.0/24

Solution:

OSPF common header Type: 4

Number of advertisements: 1

LSA general header Type: 1

l | | | Mumber of links: 3
[ 10.24.8.10
1

10.24.9.11

10.24.7.9

&w
(%]
[y~
One router link advertisement

10.24.7.0
255.255.255.0

23



Network link

Network with Designated

Designated router
five links router

advertises the links

Repeated

Network link advertisement format

OSPF common header
24 bytes  Type: 4

Number of advertisements

LSA general header
20 bytes  Type: 2

Network mask

Attached router

11/10/2010
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Example

Give the network link LSA in Figure.

10.24.7.14 ‘ 10.24.7.15 10.24.7.16

Solution:

OSPF common header  Type: 4

Number of advertisements: 1

[LSA general header  Type: 2
255.255.255.0
10.24.7.14
10.24.7.15
10.24.7.16

25



Example

In Figure, which router(s) sends out router link LSAs?

R2
—e— To next AS
R1 R3
N1 N2 N3
Example
Solution

All routers advertise router link LSAs.
a. R1 has two links, N1 and N2.
b. R2 has one link, N1.

c. R3 has two links, N2 and N3.

11/10/2010
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Summary link to network

Area 1

Flooded by the area
border router into '

the area

Area 2

Flooded by the area

border router into t
the area

Area 0

Rl 3 Vv R2
L. -S_u-l'[]l_'ll_.a-rf_liljlf _t? ne .“f_o 15- m _________ \ Summary link

to network

Autonomous system

Summary link to network LSA

OSPF common header

Type: 4

Number of advertisements

LSA general header
Type: 3

Network mask

TOS

Repeated

Metric

11/10/2010
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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

AS boundary

router

Repeated

Summary link to AS boundary router LSA

OSPF common

header

24 bytes  Type: 4

Number of advertisements

LSA general header
20 bytes  Type: 4

All Os

T: TOS

Metric

11/10/2010
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External link

Area 1 Area 2

Flooded by the AS
boundary router ==
Area 0 into the AS

Autonomous system

External link

Repeated

External link LSA

OSPF common header
24 bytes Type: 4

Number of advertisernents

LSA general header
20 bytes  Type: b

Network mask

TOS Metric

Forwarding address

External route tag

11/10/2010
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Y

Hello packet

OSPF 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

Repeated

Y

Neighbor TP address

Database description packet

OSPF common header
24 bytes  Type: 2

All Os All0Os |E(B| AllOs |I|M

=

Message sequence number

Repeated

LSA header
(20 bytes)

11/10/2010
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Link state request packet

OSPF common header
24 bytes  Type: 3

Link state type

Link state 1D

Repeated

Advertising router

Link state acknowledgment packet

OSPF common header
24 bytes  Type: 5

LSA general header
20 bytes Corresponding type

11/10/2010
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