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CONNECTDEVICES-SWITCHING

ObjectiveofLesson6:

OnCompletionofthislesson,thestudentswillbeableto:

CategorizedifferenttypesofConnectDevices.

ExplainhowtoworktheConnectDevices.

Describetheswitchingmethods.

Classifytheswitchingmethods.

Explaincircuitswitchingnetwork,packetswitchingnetworkandvirtual

circuitnetwork.

1.ConnectDevices:

LANsdonotnormallyoperateinisolation.Theyareconnectedtoone

anotherortotheInternet.ToconnectLANs,orsegmentsofLANs,weuse

connectingdevices.Connectingdevicescanoperateindifferentlayersof

theInternetmodel.

Theconnectingdevicescanbedividedintofivedifferentcategories

basedonthelayerinwhichtheyoperateinanetwork,asshowninthe

nextfigure.

1.1.PassiveHubs

Apassivehubisjustaconnector.Itconnectsthewirescomingfrom

differentbranches.
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1.2.Repeaters

Arepeaterisadevicethatoperatesonlyinthephysicallayer.Signalsthat

carryinformation within a networkcan travela fixed distance before

attenuationendangerstheintegrityofthedata.Arepeaterreceivesasignal

and,beforeitbecomestooweakorcorrupted,regeneratestheoriginalbit

pattern.Therepeaterthensendstherefreshedsignal.A repeatercan

extendthephysicallengthofaLAN,asshowninthefollowingfigure.We

havetonote:

1.ArepeaterconnectssegmentsofaLAN(notseparateLANs).

Arepeaterisaregenerator,notanamplifier.

Arepeaterforwardseverybit;ithasnofilteringcapability.

Thelocationofarepeateronalinkisvital.Arepeaterplacedontheline

beforethelegibilityofthesignalbecomeslostcanstillreadthe

signalwellenoughtodeterminetheintendedvoltagesandreplicate

them intheiroriginalform.
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5.Anactivehubisactuallyamultiportrepeater.

1.3.Bridges

Abridgeoperatesinboththephysicalandthedatalinklayer.Asaphysical

layerdevice,itregeneratesthesignalitreceives.Asadatalinklayerdevice,

the bridge can check the physical(MAC) addresses (source and

destination)containedintheframe.Abridgehasatableusedinfiltering

decisions.Inthenextfigure,wehaveaLAN withfourstationsthatare

connectedtoabridge.Ifaframedestinedforstation71:2B:13:45:61:42

arrivesatport1,thebridgeconsultsitstabletofindthedepartingport.

Accordingtoitstable,framesfor71:2B:13:45:61:42shouldbesentoutonly

throughport2;therefore,thereisnoneedforforwardingtheframethrough

otherports.

1.4.Two-LayerSwitch

Whenweusetheterm switch,wemustbecarefulbecauseaswitchcan

meantwodifferentthings.Wemustclarifytheterm byaddingthelevelat

whichthedeviceoperates.Wecanhaveatwo-layerswitchorathree-layer

switch.Atwo-layerswitchperformsatthephysicalanddatalinklayer;itis

asophisticatedbridgewithfasterforwardingcapability.

1.5.Routers

Arouterisathree-layerdevicethatroutespacketsbasedontheirlogical

addresses(host-to-hostaddressing).ArouternormallyconnectsLANsand

WANsinthe
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Internetandhasaroutingtablethatisusedformakingdecisionsabouttheroute.

Theroutingtablesarenormallydynamicandareupdatedusingroutingprotocols.

1.6.Gateway

Agatewayisnormallyacomputerthatoperatesinallfivelayersofthe

InternetorsevenlayersofOSImodel.A gatewaytakesanapplication

message,readsit,andinterpretsit.Thismeansthatitcanbeusedasa

connectingdevicebetweentwointernetworksthatusedifferentmodels.

Forexample,anetworkdesignedtousetheOSImodelcanbeconnectedto

anothernetworkusingtheInternetmodel.

SWITCHING

A networkisasetofconnecteddevices.Wheneverwehavemultiple

devices,wehavetheproblem ofhowtoconnectthem tomakeone-to-one

communication possible.One solution is to make a point-to-point

connectionbetweeneachpairofdevices(ameshtopology)orbetweena

centraldeviceandeveryotherdevice(astartopology).Drawbackofthese

methods:

Impracticalandwastefulwhenappliedtoverylargenetworks.

Requiretoomuchinfrastructureandthencost-efficient.

Themajorityofthoselinkswouldbeidlemostofthetime.

Othertopologiesemployingmultipointconnections,suchasabusthe

distances between devices and the totalnumberofdevices increase

beyondthecapacitiesofthemediaandequipment.

Abettersolutionisswitching.Aswitchednetworkconsistsofaseriesof

interlinked nodes,called switches.Switches are devices capable of

creatingtemporaryconnectionsbetweentwoormoredeviceslinkedtothe

switch.Inaswitchednetwork,someofthesenodesareconnectedtothe

endsystems(computersortelephones,forexample).Othersareusedonly

forrouting.Seethefigure:
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Traditionally,three methodsofswitching have been important:circuit

switching,packetswitching,andmessageswitching.Thefirsttwoare

commonlyusedtoday.Packet-switchednetworkscanfurtherbedivided

intotwosubcategories-virtual-circuitnetworksanddatagram networks-as

showninthefollowingfigure:

1.Circuit-SwitchedNetworks

Acircuit-switchednetworkconsistsofasetofswitchesconnectedby

physicallinks.Aconnectionbetweentwostationsisadedicatedpath

madeofoneormorelinks.However,eachconnectionusesonlyone

dedicatedchanneloneachlink.Eachlinkisnormallydividedinton

channelsbyusingFDM orTDM.Thereareseveralimportantpointsinthis

network:

Circuitswitchingtakesplaceatthephysicallayer.(reservingphysical

channelbeforesendingthedata)

Beforestartingcommunication,thestationsmustmakeareservation



forthe resources to be used during the communication.These

resources,suchas
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channels(bandwidthinFDM andtimeslotsinTDM),switchbuffers,

switchprocessingtime,andswitchinput/outputports,mustremain

dedicated during the entire duration ofdata transferuntilthe

teardownphase.

1.1.ThreePhases

Theactualcommunicationinacircuit-switchednetworkrequiresthreephases:

connectionsetup,datatransfer,andconnectionteardown.

1.2.SetupPhase

Tounderstandthisphasewecangiveoneexampleasshowninthe

followingfigure:

System Aneedstoconnecttosystem M,itsendsasetuprequestthat

includestheaddressofsystem M,toswitchI.

SwitchIfindsachannelbetweenitselfandswitchIVthatcanbe

dedicatedforthispurpose.SwitchIthensendstherequesttoswitch

IV.

SwitchIVfindsadedicatedchannelbetweenitselfandswitchIII.

SwitchIIIinformssystem M ofsystem A'sintentionatthistime.

System M sendsacknowledgmentintheoppositedirectiontosystem A.
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Onlyaftersystem Areceivesthisacknowledgmentistheconnection

established.

1.3.DataTransferPhase

Aftertheestablishmentofthededicatedcircuit(channels),thetwoparties

cantransferdata.

1.4.TeardownPhase

Whenoneofthepartiesneedstodisconnect,asignalissenttoeach

switchtoreleasetheresources.

1.5.Efficiency

Moreefficiencyifitisusedintelephonenetworks.Butinthecomputer

networknot,why?

In atelephonenetwork,peoplenormallyterminatethecommunication

whentheyhavefinishedtheirconversation(releasingresources).However,

incomputernetworks,acomputercanbeconnectedtoanothercomputer

evenifthereisnoactivityforalongtime(reservedresourcescannotbe

utilizedwell.)

1.6.Delay:

Thedelayinthistypeofnetworkisminimal.Duringdatatransferthedata

arenotdelayedateachswitch;theresourcesareallocatedfortheduration

oftheconnection.Thetotaldelayisduetothetimeneededtocreatethe

connection,transferdata,anddisconnectthecircuit.

Delaycausedbythesetupisthesum offourparts:thepropagationtime

ofthesourcecomputerrequest,therequestsignaltransfertime,

thepropagationtimeoftheacknowledgmentfrom thedestination

computer,andthesignaltransfertimeoftheacknowledgment.

Thedelayduetodatatransferisthesum oftwoparts:thepropagation

timeanddatatransfertime.

Thethirdpartisthetimeneededtoteardownthecircuit.
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2.Datagram
Networks

Generally,inapacket-
switched

network,thereisnoresourcereservation;

resourcesareallocatedon
demand.

Inadatagram network,eachpacketistreatedindependentlyofallothers.

Packetsinthisapproacharereferredtoasdatagrams.Datagram switching

isnormallydoneatthenetworklayer(noreservation,weneedaddress

duringthedatatransfer).Thefollowingfigureshowshow thedatagram

approachisusedtodeliverfourpacketsfrom stationAtostationX.The

switchesinadatagram networkaretraditionallyreferredtoasrouters.

Wecannotethatallfourpackets(ordatagrams)belongtothesame

message,butmaytraveldifferentpathstoreachtheirdestination.This

approachcancausethedatagramsofatransmissiontoarriveattheir

destinationoutoforderwithdifferentdelaysbetweenthepackets.Packets

mayalsobelostordroppedbecauseofalackofresources.Thedatagram

networksaresometimesreferredtoasconnectionlessnetworks.Thereare

nosetuporteardownphases.

2.1.RoutingTable
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Iftherearenosetuporteardownphases,howarethepacketsroutedtotheir

destination
s

in a datagram

network?Inthistypeofnetwork,

eachswitch(orpacketswitch)has

aroutingtablewhichisbasedon

the destination address. The

routingtablesaredynamicand

are update
d

periodically. The

destinationaddresse
s

and the

correspondingforwardingoutput

portsarerecordedinthetables.Thisisdifferentfrom thetableofacircuit-

switchednetworkinwhicheachentryiscreatedwhenthesetupphaseis

completedanddeletedwhentheteardownphaseisover.

2.2.DestinationAddress

Everypacketinadatagram networkcarriesaheaderthatcontains,among

otherinformation,thedestinationaddressofthepacket.Whentheswitch

receivesthepacket,thisdestinationaddressisexamined;theroutingtable

isusedtofindthecorrespondingportthroughwhichthepacketshouldbe

forwarded.Thisaddress,unliketheaddressinavirtual-circuit-switched

network,remainsthesameduringtheentirejourneyofthepacket.

2.3.Efficiency

Theefficiencyofadatagram networkisbetterthanthatofacircuit-

switchednetwork;resourcesareallocatedonlywhentherearepacketsto

betransferred.

2.4.Delay

Theremaybegreaterdelayinadatagram networkthaninavirtual-circuit

network.Althoughtherearenosetupandteardownphases,eachpacket



mayexperienceawaitataswitchbeforeitisforwarded.Inaddition,since

notallpacketsina
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messagenecessarilytravelthroughthesameswitches,thedelayisnot

uniform forthepacketsofamessage.Thetotaldelaycanbegivenby:

Totaldelay=3T+3τ+w1+w2

3.Virtual-CircuitNetworks

Avirtual-circuitnetworkisacrossbetweenacircuit-switchednetworkand

adatagram network.Ithassomecharacteristicsofboth.

Asinacircuit-switchednetwork,therearesetupandteardownphasesin

additiontothedatatransferphase.

Resourcescanbeallocatedduringthesetupphase,asinacircuit-

switchednetwork,orondemand,asinadatagram network.

Asinacircuit-switchednetwork,allpacketsfollowthesamepath

establishedduringtheconnection.

Asinadatagram network,dataarepacketizedandeachpacketcarries

anaddressintheheader.However,theaddressintheheaderhas

localauthority(itdefineswhatshouldbethenextswitchandthe

channelon which the packetis being carried),notend-to-end

authority.

3.1.Addressing

Inavirtual-circuitnetwork,twotypesofaddressingareinvolved:globaland

local(virtual-circuitidentifier).

3.1.1.GlobalAddressing

Asourceoradestinationneedstohaveaglobaladdress.Theaddresscan

beuniqueinthescopeofthenetworkorinternationallyifthenetworkis

partofaninternationalnetwork.However,theglobaladdressinvirtual-

circuitnetworks is used only to create a virtual-circuitidentifier,as

discussednext.

3.1.2.Virtual-CircuitIdentifier

Theidentifierthatisactuallyusedfordatatransferiscalledthevirtual-



circuitidentifier(VCI).AVCI,unlikeaglobaladdress,isasmallnumberthat

hasonly
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switchscope;itisusedbyaframebetweentwoswitches.Whenaframe

arrivesataswitch,ithasaVCI;whenitleaves,ithasadifferentVCI.The

figureshowshowtheVCIinadataframechangesfrom oneswitchto

another.NotethataVCIdoesnotneedtobealargenumbersinceeach

switchcanuseitsownuniquesetofVCIs.

3.2.ThreePhases

Asinacircuit-switchednetwork,asourceanddestinationneedtogo

throughthreephasesinavirtual-circuitnetwork:setup,datatransfer,and

teardown.Inthesetupphase,thesourceanddestinationusetheirglobal

addressestohelpswitchesmaketableentriesfortheconnection.Inthe

teardownphase,thesourceanddestinationinform theswitchestodelete

thecorrespondingentry.

3.2.1.DataTransferPhase

Totransferaframefrom asourcetoitsdestination,allswitchesneedto

haveatableentryforthisvirtualcircuit.Thetable,initssimplestform,has

fourcolumns.Thismeansthattheswitchholdsfourpiecesofinformation

foreachvirtualcircuitthatisalreadysetup.Thefollowingfigureshows

suchaswitchanditscorrespondingtable.

Thenextfigureshowshow a

framefrom sourceA reaches

destinationBandhowitsVCI

changesduringthetrip.Each

switchchangestheVCI and

routesthe frame.The data

transferphaseisactiveuntilthe

sourcesendsallitsframestothe

destination.Theprocedureattheswitchisthesameforeachframeofamessage.



11



azoozalgalal ComputerNetworkI ElectricalDepartment,4
th

Level,1
st

Semester

3.2.2.SetupPhase

Inthesetupphase,aswitchcreatesanentryforavirtualcircuit.For

example,supposesourceAneedstocreateavirtualcircuittoB.Twosteps

arerequired:thesetuprequestandtheacknowledgment.

Setup Request:setup requestframe is sentfrom the source to the

destination.Thenextfigureshowstheprocess.

SourceAsendsasetupframetoR1.

R1receivesthesetuprequestframe.Itknowsthataframegoingfrom A

toBgoesoutthroughport3.Theswitch,inthesetupphase,actsas

apacketswitch;ithasaroutingtablewhichisdifferentfrom the

switchingtable.Forthemoment,assumethatitknowstheoutput

port.Theswitchcreatesanentryinitstableforthisvirtualcircuit,but

itisonlyabletofillthreeofthefourcolumns.Theswitchassignsthe

incomingport(1)andchoosesan
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availableincomingVCI(14)andtheoutgoingport(3).Itdoesnotyet

know the outgoing VCI, which will be found during the

acknowledgmentstep.Theswitchthenforwardstheframethrough

port3toR2.

R3receivesthesetuprequestframe.Thesameeventshappenhereas

atR1;three columns ofthe table are completed:in this case,

incomingport(1),incomingVCI(66),andoutgoingport(3).

R4receivesthesetuprequestframe.Again,threecolumnsare

completed:incomingport(1),incomingVCI(22),andoutgoingport

(4).

DestinationB receivesthesetupframe,andifitisreadytoreceive

framesfrom A,itassignsaVCItotheincomingframesthatcome

from A,inthiscase77.ThisVCIletsthedestinationknow thatthe

framescomefrom A,andnoothersources.
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Acknowledgment:Aspecialframe,calledtheacknowledgmentframe,

completestheentriesintheswitchingtables.Thenextfigureshowsthe

process.

ThedestinationsendsanacknowledgmenttoR4.Theacknowledgment

carriestheglobalsourceanddestinationaddressessotheswitch

knowswhichentryinthetableistobecompleted.Theframealso

carriesVCI77,chosenbythedestinationastheincomingVCIfor

framesfrom A.R4 usesthisVCIto completetheoutgoing VCI

columnforthisentry.Notethat77istheincomingVCIfordestination

B,buttheoutgoingVCIforR4.

R4sendsanacknowledgmenttoR3thatcontainsitsincomingVCIin

thetable,choseninthepreviousstep.R3usesthisastheoutgoing

VCIinthetable.

R3sendsanacknowledgmenttoR1thatcontainsitsincomingVCIin

thetable,choseninthepreviousstep.R1usesthisastheoutgoing

VCIinthetable.

FinallyR1sendsanacknowledgmenttosourceAthatcontainsits

incomingVCIinthetable,choseninthepreviousstep.

10.ThesourceusesthisastheoutgoingVCIforthedataframestobe

senttodestinationB.
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3.2.3.TeardownPhase

Inthisphase,sourceA,aftersendingallframestoB,sendsaspecialframe

called a teardown request.Destination B responds with a teardown

confirmationframe.Allswitchesdeletethecorrespondingentryfrom their

tables.

3.3. Efficiency

Asmentionedearlier,resourcereservationinavirtual-circuitnetworkcan

bemadeduringthesetuporcanbeon-demandduringthedatatransfer

phase.Inthefirstcase,thedelayforeachpacketisthesame;inthe

secondcase,eachpacketmayencounterdifferentdelays.Thereisonebig

advantageinavirtual-circuitnetworkevenifresourceallocationison

demand.Thesourcecanchecktheavailabilityoftheresources,without

actuallyreservingit.
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3.4.DelayinVirtual-CircuitNetworks

Inavirtual-circuitnetwork,thereisaone-timedelayforsetupandaone-

timedelayforteardown.Ifresourcesareallocatedduringthesetupphase,

thereisnowaittimeforindividualpackets.Thetotaldelaytimeisgivenby:

Totaldelay=3T+3τ+setupdelay+teardowndelay

4.PerformanceMeasurement:

Oneimportantissueinnetworkingistheperformanceofthenetwork-how

goodisit?

4.1. Bandwidth:Onecharacteristicthatmeasuresnetworkperformanceis

bandwidth.However,theterm canbeusedintwodifferentcontexts

with two different measuring values:bandwidth in hertz and

bandwidthinbitspersecond.

4.2. Throughput:itisameasureofhow fastwecanactuallysenddata

throughanetwork.AlinkmayhaveabandwidthofBbps,butwecan

onlysendTbps
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throughthislinkwithT alwayslessthanB.Inotherwords,the

bandwidthisapotentialmeasurementofalink;thethroughputisan

actualmeasurementofhowfastwecansenddata.

4.3. Latency(Delay):Thelatencyordelaydefineshowlongittakesforan

entiremessagetocompletelyarriveatthedestinationfrom thetime

thefirstbitissentoutfrom thesource.Wecansaythatlatencyis

madeoffourcomponents:propagationtime(=distance/propagation

speed),transmissiontime(=datasize/bandwidth),queuingtimeand

processingdelay.
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