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Delivery sl

e The network layer supervises the handling of the packets by the underlying
physical networks. We define this handling as the delivery of a packet.
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FORWARDING 4= sl

WU Forwarding means to place the packet in its route to its destination.
» Forwarding requires a host or a router to have a routing table.

» When a host has a packet to send or when a router has received a packet
to be forwarded, it looks at this table to find the route to the final
destination.
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Route method versus next-hop method

a. Routing tables based on route

Destination Route
Host B R1, R2, host B
Destination Route
Host B R2, host B
Destination Route
Host B Host B
Host A
L

Routing table
forhost A

Routing table
for R1

Routing table
forR2

b. Routing tables based on next hop

Destination Next hop
Host B R1

Destination Next hop
Host B R2

Destination Next hop
Host B -
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Host-specific versus network-specific method

Routing table for host S based
on host-specific method

Destination| Next hop
A R1
B R1
C R1
D R1

\

Routing table for host S based
on network-specific method

Destination

Next hop

R1
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Default method

Destination | Next hop

N2 R1 Routing table
Any oth R2 for host A
Host A ny other
R1
N1
Default
router R2
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Popular routing protocols

Routing protocols I

Intradomain I Interdomain I

Distancevectorl | Link state I | Path vector I

RIP OSPF BGP
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Simplified forwarding module in classless address
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Forwarding module
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Distance vector routing tables

To Cost Next To Cost Next
Al O]|— Al s | —
B |5 |— B|o|—
cl2|— c|l4]|—
DI| 3| — D8] A
E 6 | C E 3| —
A’s table B’s table

To Cost Next To Cost Next

Al3|— N Ale]|c
B[8]|A B B| 3| —
L@ I: IHE
D|lo|— ple|c
D|5]|A

E Elo|l|—
D'gblA Bl B E's tabll
s table Cs table s table
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Initialization of tables in distance vector routing

To Cost Next To Cost Next
A A5 |—
¢ B|O]|—
¢ cC|4]|—
b D | e
E E|3]|—
B's table
To To Cost Next To Cost Next
A A A
8 B B 3| —
¢ cl|a]|—
0 5 o=
: E|4|— E[0]|—
D’s table T able

C'stable
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Note I

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

To Cost To Cost Next To Cost Next
Al 2 Al4d|C AlO|—
B | 4 B |6 |C B |5 |—
c|o > C | 2| C > Compare [ cl|2|—
D | ee D|e|C D|3]|—
E | 4 E|6]|C l [
Received A's modified A's old table
from C table To CostNext

AlO|—

B |5 |—

cl2|—

D|3|—

E|6|C

A's new table
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A's states of links : | B's states of links

D's states of links i ] E's states of links
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Dijkstra algorithm
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Set root to local node and B
move it to tentative list.
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Among nodes in tentative list, move the
one with the shortest path to permanent list.
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Example of formation of shortest path tree

Topology
Root Root
@ 0@ (85| 0
2{©) 21
3(o 3(0) ©®s
1. Set root to A and mave A to 2. Move Ata permanent listand add 3. Move C to permanent and add
tentative list. B, C, and D to tentative list. E to tentative list.
Roat Reot Reot
0 ®s |0 @:|o 5
2 2 c;
3 63 6|3 6
4. Move D'to permanent list. S. Move B to permanent list. 6. Move E to permanent |ist

(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
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Types of links

Types of links I

Point-to-point I Transient I Stub Virtual I
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94 Point-to-point network °
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Graph abstraction

Cy>-3 Cw>
< u ‘2 3 1\%2
NS came
) 1

N =setofrouters={u,v,w,x,y,2}

Graph: G=(N,E

E =set of links ={ (u,v), (u,x), (v.x), (v,w), (x,w), (X,y), (w,y), (w

Z), (v.2) }

Remark: Graph abstraction is useful in other network contexts

Example: P2P. where N is set of peers and E is set of TCP connections
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Graph abstraction: costs

* c(x.X") = cost of link (x,x")
-eg.c(wz)=5
* cost could always be 1, or

inversely related to bandwidth,
or inversely related to congestion

Cost of path (X;. X,, X..... Xp) = C(X;.X,) + C(X5.X3) + ... + (X, 1.Xp)

I Question: What’s the least-cost path between u and 7 ? I

I Routing algorithm: algorithm that finds least-cost path I
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Example of an AS and its graphical representation in OSPF

N2

L=
| s

a. Autonomous system

b. Graphical representation

Initial routing tables in path vector routing

Dest. Path

Al | AST

a2 | ast Dest. Path
A3 | AST C1 | AS3
A4 | AST C2| AS3
AS | AST C3 | AS3
AlTable C1Table

AS1 AS3

@0 [6—©

-~

“

Pl

Dest.

Path

B1
B2
B3
B4

AS2
AS2
AS52
AS2

B1

Table

N7

AS2

3-
Path Vector Routing

Dest. Path

D1 | As4
D2 | AS4
D3| AS4
D4 | AS4

01 Tahle

1 :-_

~
~
~
AS 4




Stabilized tables for three autonomous systems

Dest. Path Dest. Path Dest. Path Dest. Path
A1 | AST Al | AS2-AST Al | AS3-AST Al | AS4-AS3-AST
As | AST A5 | AS2-AS1 A5 | AS3-AS1 A5 | AS4-AS3-AST
B | ASI-AS2 Bl | AS2 B1 | AS3-AS2 B1 | AS4-AS3-AS2
B4 | AS1-AS2 B4 | AS2 B4 | AS3-AS2 B4 | As4-AS3-AS2
c1 | AS1-AS3 a1 | AS2-AS3 C1| As3 C1 | Asa-As3
C3 | Asi-As3 C3 | AS2-As3 C3 | AS3 C3 | Asa-As3
D1 | AS1-AS3-AS4 D1 | AS2-AS3-AS4 D1| AS3-AS4 D1 | AS4
D4 | AS1-AS3-AS4 D4 | AS2-AS3-AS4 D4 | AS3-AS4 D4 | AS4

A1 Table B1 Table C1 Table D1 Table

Internal and external BGP sessions

AS1

AS?2

= E-BGP session

- — = |-BGP sessions
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