Routing and the NetWeikiEaye)
(ref: Interconnectionyy Periman




Network Senvice Wpes

e Two basic models of the Services the
networkshould provide:

— Connectionlessdatagram
— Connection-orienteavirtual cirecuit)




Connectionless Netwek

Each packet Is iIndependently/ reuied:
Each packet includes the destinaien addresss
No guarantee that packets aie kepiinieraer:

No guarantee that packets aie ol iost o)
duplicated.




Connection-Oriented Netwok

A single path Is first establisned fer eachrnew
connection.

The network guarantees, that packets are delivielg:
In order.

No loss or duplication:

If anything goes wrong| the CORNECHIRR IS RIOKEIRD
It IS possible to limit the nUMBE oI CORMNECHGRSS




Connection-Orienteccont)

* The network can guarantee hancwidin et
connect time.

e The network can refuse new: connections.




Middle Greuna

* |t Is possible to designi senvice moedels tipat
are somewhere in the middle:

— connection-oriented, but WithouUt any. BaRcwidin
guarantee.

— Routers take care ofi establishingla virtual
circuit - hosts view the netwoerk as
connectionless.




Advantages ofi ConneciioRIESS

e Connection-oriented requires duplicatien ofi
service at the transport layer (1erhandle
broken connections).

e Host software Is muchi simpler au the
network layer.

 Many applications dor noet require seqguential
delivery of packets (example: packet
voice).




Advantages ofi ConneciioRIESS

* Network traffic often comes Iursts,se
reserving resources; Is Wwastefitl

* |t Is better to provide degradedsenvice o
everyone than to limit netwerk aCCEess;

o Server (or router) could becone overoaded
managing too many’ CoOnNECHGNAS:




Advantages of Conneclion=@neEnicls

 Most applications reguires sequentiaifpackel
delivery - the network should handiertne
complexity.

* Faster Routers. Once a connection Is

established each router can reference: the
connection via a smalll number.

* |t Is better to provide UnifieHM SERVICE 1era
few than to degrade and handiereven/ene:




Advantages of Conneclion=@neEnicls

* Life Is easler for the Transpert Layer

— possible to calculate reuna-trip delay

— possible to maximize packet size: (It REVer
needs to change).




P Reuiing

* |P Is a connectionless netwaorki Iayer:.

 Each host has a roeuting tanle:
— routes to specific hosts
— routes to specific networks
— default route




Host route determination

e Search for a matching hest address
o Search for a mateching netwerk address
e Search for a default entry.




Routing tanlercreation

Static routes - Unix “route” command:

ICMP Router Discoevery.

— broadcast protocol that diSCeVers reULErS i the
local network.

ICMP redirects.
Run a routing daemon.




Dynamic Reuiing

Routers need to tell eachrother aneul eUIES;

Host routing tables cani change eVer ey
IStening to routers.

here are many dynamic P reuiing
protocols in use.




RIE
Routing Infermmation Pleiece)

« UDP based messages

e Each router sends out a breadcast (9essily,
a series of broadcasts) that centains the

entire routing table of the reuter.

» Typically routers do this evenry SOISEcenes
or when something changes.




RIP routes

 Each RIP routing table entiy/ Inclldes:
— |P address
— metric (hop count 1-15).
— timeout (seconds).

 directly connected netwerks hiave a metie
of 1.

 If a route times-out the metrc s Set e 16
(no connection) and deleted afer & minuie:




Convergence

 \When something changes: (fier example
when a link or router gees dewn), Ik iakes a

while before the change isi propagaied terail
affected routers.

* RIP suffers from slow: convergence: - there
IS not enough Infermation IR eUihng
tables to avoid this prekliem.




What happens when C dies?

B

A’s Routing Table:

BNSHNIGRREWENA@IECHACORNECIEE)
C 15 2 11905 2z (Vi B).

B’s Routing Table:

ANSHNIeR aWaNA(EIECHY CORNECIET)
E IS HER WA (@IECHN CONRECIED)




OSPFvs RIP

e Open Shortest Path Eirss an altermauve
IP routing protocol.

* RIP Is adistance-vecioproiecol.

 OSPF idink-stateprotocol.

— a router checks the condition of each orit's

connections (links) and reperts this Infermaiien
to neighbors.




OSPE advaniaees

Each router has a picture of the newerk
topology.

Faster convergence.

support for independent routes el eachilP
type-of-service

load balancing ( distribute ameng equal cost
routes)




X.25 - Connection-Orientes

DTE: Data Terminal Equipment (Resh):
DCE: Data Circuit-Terminating Equipment (rouier)




X.25 Network Senvice

* Allows a DTE to establishmultiple

simultaneous connections ever a singlelink
to a DCE.

e Can also be used to connedpEs
directly.

 Can support permanent connections.




X.25 Switched Virtual @ireui

e DTE A tells DCE A that It wants:a
connection to DTE B.

« DCE B tells DTE B that a new!cennection
has been requested.




Virtual Circuit Numbers

o EachVirtual Circuit I1siassigneada nuimkeratl
setup time.

A virtual circuit numbendentifiies;a
connection to a DTE andlits DCE enly:

e The other end of the connection can use a
differentvirtual circult NUMBEr




Virtual Circuit Numbers

 Each data packet includes a Vikual clrecuii
number rather than a destination; adadress;

e 12 bit identifier.

e Virtual circuit numbers are smallerthan
addresses and much faster ior a reuierio
process (just a table loekup)).




Virtual Circuit Numbers

* O Is reserved for control packets.

* non-overlapping ranges of NUMIBEYS:
— permanent virtual' circuits
— Incoming connections
— outgoing connections




Connection reguest

DTE A selects an unusedl euigon)
number.

DTE A creates @all requesipacketand
sends to DCE A.

DCE A contacts DCE B (via an Unspeciiied
mechanism) and requests; the CORNECHONRE

DCE A notifies DTE A whenithe
connection IS established.




Data Transfer

e Each connectionc@ll) is ftlli duplex:

« Each packet sent by a DIIEIRCIUCES!
— virtual circuit number
— seguence number (3 or 7 bIts).
— fragmentation information: ( IV bib):
— ACK sequence number.




Data Transfer

 Fragmentation can happen:at DiFE e DCE:

e Seguence numbers do net necessarnily.
coincide atDTES




Fow Contrel

 Each packet includes an acknoewledgement
number (ACK).

 The acks indicates that the send as
recieveadall packets with seguence: numker
<= ack#.

o Each sender has a winedow Sivémaeal
determines how many Unacknewledged
packets can be outstanding:




DCE <-> DCE

* The Interface between DCE IS/ R0t P o]
the X.25 standard.

 How could you design a network ie reuie
based on circuit nUMBErS; 2




