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i Outline
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A Routing protocol



i Routing ?

- Spelling/pronounce

A British: routeing

A American: routing

Definition (Goal)

aAhLearni ng how to get
AnProcess of discover.l

employing paths from one place to another
(or to many ot h @dhoSdy |

Piscitello, Bellcore and A. Lyman Chapin, BBN]



i Routing Process

- Finding how to get there
~Actually getting to there




i Routing Methods

Source Routing

A Source keep all information (how to get there)
A Insert the information in the packet

A Intermediate node just read and act
Hop-by-Hop Routing

A Source only knows how to get to the next hop

A Assume that Intermediate node knows how to get
to the next hop

A ... untll destination reach

Example: Driving a car




i Routing Principle

Goal: Arriving at the
destination

Considerations:
A Direct route (shortest)
A Reliable route

A Scenic route
(of course, not for network!)

A Cheap route
A Safe route

@@i

NI

fheyd mck
some sort o

O decision...
/

motion



i Routing Objectives

- Maximizing the network performances
A Delay
A Throughput
- Minimizing the cost
A Equipment
A Computation power / complexity



i Routing Constraints

Network (Switching) Technology

- Dynamics of the networks

A Traffic
A Network service available



i Routing Requirements

~ Scalability
- Multi technology support

- Topology-change adaptability (fast &
minimum cost)

- QoS support
Secure/Private connection



i ldeal Routing Algorithm

Correct
- Robust
- Stable (Convergence)
~ Efficient P
- Flexible (Topology change)
- Scalable
- Loop-Free (no deadlock)
- Easy (Maintainable)
. Secure

embers.tripod.com
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Classic Routing Problem

To St || Path to St#}
Via StH#3

To St#
Via St#l |

To St#4
Via St#2




i Routing Elements

- Routing protocol

A Allow End/Intermediate nodes to collect and
distribute the information necessary to
determine routes

. Routing database (table)
A Like a directory information base
- Routing algorithm

A Uses the information contained in the routing
database to derive routes
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i Routing Information

| will check with
(look -up algorithm)

Routing Table

Packet for 158.108.2.3
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i Routing table

The ordered list

Add. matches several entries In the list
A >1 possible path
A and may be different qualities

Router looks up network number of destination
address and sends it

Next router will do the same, until it arrives at
the right network

frontiernet.net 4=
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Where does the Routing Table come from?

By talking with other routers

Routing table is built by exchanging info with other
routers

The goal of this exchange is

Ato fimap outo the network
Each router wants to know

A who it can talk to directly

A and who those routers can talk to

Finally

A Send packet to the directly connect host

AOr asking other routers to a
packets for it
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i Routing table

~Associated with each route
A A cost of the link

- Cost could be
A level of congestion

A Inverse of the bandwidth
A monetary cost

~ In practice, this is often just a hop count

or Infinity.
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Routers

19inches 48 cm) wide

Large Routers
for Large Sites and ISPs

19inches 48 cm) wide

Small RoutersStacked
For Branch Offices

Cisco1841
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Router

Serial Ports

FastEthernet Console Auxiliary Power Power Cord
Ports Port Port Switch Connection

—
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The Internals of a Router

Discovery of
Static Route directly attached

IGP networks EGP peer routers

Cog'e " 5 51 8 &
| iePp || Icp || EGP || EGP |

Configuration Discovery I I

Route Import Policies

Routing Information Base (RIB)

Routing Decision Engine

rwarln n orma 10

| IGP_|[ 1P || EGP |[ EGPI
u B u

IGP networks EGP peer routers

Determine packet forwading
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i Outline

A Routing Principle
A Routing table calculation
A Routing protocol
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i How to create a routing table ?

Manual Configure A Easy




i How about this ?

Manual Config. ??
Status changes ??
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i Routing Table Computation

A Static Routing
A Dynamic Routing
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i Static Routing

A Program the routing table manually
A Inflexible
A simple and low overhead

A Works for
A small network
A route change infrequently

@\.~§ Il W+*%$#@> o




i Dynamic Routing

A Each router acts independently
A based on info. In its router forwarding table

A Allow routers to share info. in their router
forwarding tables

A Change according to network problems
A Mostly Use

== L

Routing Information > I
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i Distributed Algorithms

A Centralized control are not
scalable/reliable

A Nodes can only compute routing tables
based on local info.

A Who needs to know what? When?
A Who knows what? When?

A Convergence

A process of getting consistent routing
iInformation to all nodes
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i Outline

A Routing Principle
A Routing table calculation
A Routing protocol
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‘L Routing Protocol

| Routing protocols I

‘ Intradomain I
‘ Distance I ‘ Link I
vector state
RIP

OSPF

Interdomain

‘ Path I
vector

BGP
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i Distributed Routing Information

A Calculate the lowest cost (shortest path)

A Common methods
A Distance vector routing
A Link state routing
A Path vector routing
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!'_ Distance -vector Routing
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i Distance-vector Routing

A
A

~

A

Distributed route computation
Router computes the routing table locally

Each node sends the resu
neighbors periodically

Each node keeps
update its routing table

Routing by rumor

ts to Its




i Distance-vector Routing

A Each node maintains a set of triples

A (Destination, Cost, NextHop )
A Exchange updates directly connected
neighbors

A periodically (on the order of several seconds)

A whenever Its table changes (triggered
update)(?!)
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i Distance-vector Routing

A Each update iIs a list of pairs:
A (Destination, Cost )

AUpdate | ocal tBkehdre 1 6 ui
A smaller cost
A came from next-hop

A Refresh existing routes; delete if they time out
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‘L Distance-Vector Example
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i Graph Representation

Graph: G = (V,E)

V = set of routers
={a,b,c,d, e f,qg}

E = set of links
={(a,b), (a,e), (a,c), (a,f),
(b,c), (c,d), (f,9), (d,9)}

36




i Routing Table

Routing Table in B

Destination Cost  Next Hop
A 1 A
C 1 C
D 2 C
E 2 A
F 2 A
G 3 A

Qestination Cost  Next Hop
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Routing Table @ start

Net4

To other
AS’s
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Routing Table @ start

Routing Table B
Dest | Cost| Next
Netl| 2 | A
Net?2| 1 | —
Net3| 1 | —
Netl| 1| — Netd] 2 | A
Net2| 1 |—
Netd| 1 | — Net3| 2 | A
1| — Net?2 Net6| 1 | —

Netl Net5

Netd =

To other ..""n.l\jfﬂ To other
E
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i Routing Update

To Cost

To Cost Next

o0 W e
=

Compare [~€—

Received
from C

Al4d | C
B 16 | C
CcCl12 |C
D Jeo | C
E |6 | C
A's Modified
Table

Y

To Cost Next

=
|

D D &n
|

Mg omE

6 | C

A's NewTable

To Cost Next

Bl5 |[—
Cl2 |—
D3 |[—
E | e

A's Old Table
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Routing Table @ start

Dest | Cost|Next Dest | Cost|Next
Netl|] 1 [— Netl] 2 [ A
Net2| 1 |— Net2| 1 |—
Net3 2 e [\ 13 1 |—
Netd| 1 |— Netd] 2 | A
AS Net5| 1 |— Net5] 2 | A
Neto|] 2 | C Net6|] 1 |—
Netl |Net7] 2 | C Net2 Netw
- % -9 B

Net4

To other
AS’s

Dest | Cost|Next

Netl
Net2
Net3
Netd
Net5
Net6
Net7

S .

Dest | Cost| Next
Netl] 2 | A — E —
cS 0S8 (5
Net2| 2 | A e R
Net3| 2 | B Net2| 3 |cC
Netd] 2 [A [ wes] 3 | c
Nets| 1 |— New| 3 |C
Net5| 2 | ¢
Net6| 1 |— News| 2 | C
Net7| 1 |— Net7| 1 | —
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i Distance-Vector Routing

A Routing Information protocol (RIP)

195.2.4.0/24 205.5.5.0/24
N3 \m— . . - \m— NG
= < = <
195.2.4.1 e s = = 205551
2T o 2T E
rR2 & — &
1952.5.1 130.10.0.0/16 130.11.0.0/16 205.5.6.1
N1 N2 T N7
NG =
195252 205.5.6.0
195.2.5.0/24
Dest. Cost Next
RRED 130.10.0.0/16] 1 Legend
130.11.0.0/16] 1
195.2.4.024 | 2 [130.10.0.1 ) Fthernet switch
195.2.6.1 195.2.5.0/24 | 2 [130.10.0.1
195.2.6.0/24 | 3 [130.10.0.1 R Router
N5 205.5.5.024 | 2 [130.11.0.1 N Network
D 205.5.6.0/24 | 2 [130.11.0.1
195.2.6.0/24 R1 Table
Dest. Cost  Next Dest. Cost Next Dest. Cost  Next
130.10.0.0/16] 1 130.10.0.0/16 | 2 [195.25.1| [130.10.0.0/16] 2 [130.11.0.2
130.11.0.0/16] 2 [130.10.0.2| [130.11.0.0/16 | 3 |195.2.5.1] | 130.11.0.0/16 | 1
195.2.4.0/24 | 1 195.2.4.024 |2 (195251 | 195.2.4.024 |3 [130.11.02
195.2.5.024 | 1 195.2.5.024 | 1 195.2.5.0/24 | 3 [130.11.0.2
19526024 |2 1195252 | 195260024 | 1 195.2.6.024 | 4 [130.11.0.2
205.5.5.024 | 3 [130.10.0.2 | 205.5.5.024 |4 [195.2.5.1] | 205.5.5.0124 | 1
205.5.6.0/24 | 3 [130.10.0.2| | 205.5.6.024 |4 [1952.5.1] | 205.5.6.0124 | 1
R2 Table R3 Table R4 Table 43



i Routing Information protocol (RIP)

A Simplest dynamic routing protocol
A Easy to configure and maintain

A Each router broadcasts its entire routing
table frequently (every 30 seconds

A Broadcasting makes RIP unsuitable for
large networks
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i RIP

A Broadcasts go to hosts as well as to routers

A RIP interrupts hosts frequently, slowing them
down

A RIP routing table has a field to indicate the
number of router hops to a distant host

A The RIP maximum is 15 hops
Farther networks are ignored



i RIP Encapsulation

A Carried In data field of UDP datagram
A Port number is 520

A UDP is unreliable, so RIP messages do
not always get through

A A single lost RIP message does little or no
harm

UDP UDP Data Field
Header RIP Message
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i Slow Convergence

A Convergence Is getting correct routing
tables after a failure in a router or link

A May take minutes
A During that time, many packets may be

lost

A B . [ E

- - » - -
o (] 2 o II'IitiEI”'}.-'
1 £y = e After 1 exchange
1 i e e After 2 exchanges
1 2 3 e After 3 exchanges
1 2 3 4 After 4 exchanges




i Routing Loops

A Can happen because several nodes are
updating routing tables concurrently

AEX: TCduettoimfinity o pr obl
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ﬁ Count to Infinity

Before failure

After failure

After A receives
update from B

Finally

1

X1 [—

b
o
>

X |

X

— — —
X3 |B x|2 |A

ex
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