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TheChannelAllocationProblem:

Howtoallocateasinglebroadcastchannelamongcompetingusers.Thechannelmightbeaportionof

thewirelessspectruminageographicregion,orasinglewireoropticalfibertowhichmultiplenodes

areconnected.Itdoesnotmatter.Inbothcases,thechannelconnectseachusertoallotherusersand

anyuserwhomakesfulluseofthechannelinterfereswithotheruserswhoalsowishtousethe

channel.

StaticChannelAllocation:

Thetraditionalwayofallocatingasinglechannel,suchasatelephonetrunk,amongmultiple

competingusersistochopupitscapacitybyusingoneofthemultiplexingschemessuchasFDM

(FrequencyDivisionMultiplexing).IfthereareNusers,thebandwidthisdividedintoNequal-sized

portions,witheachuserbeingassignedoneportion.Sinceeachuserhasaprivatefrequencyband,

thereisnownointerferenceamongusers.Whenthereisonlyasmallandconstantnumberofusers,

eachofwhichhasasteadystreamoraheavyloadoftraffic,thisdivisionisasimpleandefficient

allocationmechanism.AwirelessexampleisFMradiostations.EachstationgetsaportionoftheFM

bandandusesitmostofthetimetobroadcastitssignal.

Thebasicproblemisthatwhensomeusersarequiescent,theirbandwidthissimplylost.They

arenotusingit,andnooneelseisallowedtouseiteither.Astaticallocationisapoorfittomost

computersystems,inwhichdatatrafficisextremelybursty,oftenwithpeaktraffictomean

trafficratiosof1000:1.Consequently,mostofthechannelswillbeidlemostofthetime.

Ifweweretousetimedivisionmultiplexing(TDM)andallocateeachusereveryNthtimeslot,

ifauserdoesnotusetheallocatedslot,itwouldjustliefallow.Thesamewouldholdifwesplitup

thenetworksphysically.
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Inprinciple,CDMAcouldbeusedbutthereareanumberofconstraintswhichmakesit

difficulttoapplyinthegeneralcase

e.g.,sendersandreceiversmustknowthechipsequencebeforehand

Requireshighsynchronization

AssumptionsforDynamicChannelAllocation:

1.IndependentTraffic.ThemodelconsistsofNindependentstations(e.g.,computers,telephones),

eachwithaprogramoruserthatgeneratesframesfortransmission.Theexpectednumberofframes

generatedinanintervaloflength tis t,where isaconstant(thearrivalrateofnewframes).

Onceaframehasbeengenerated,thestationisblockedanddoesnothinguntiltheframehasbeen

successfullytransmitted.

2.SingleChannel.Asinglechannelisavailableforallcommunication.Allstationscantransmitonit

andallcanreceivefromit.Thestationsareassumedtobeequallycapable,thoughprotocolsmay

assignthemdifferentroles(e.g.,priorities).

3.ObservableCollisions.Iftwoframesaretransmittedsimultaneously,theyoverlapintimeandthe

resultingsignalisgarbled.Thiseventiscalledacollision.Allstationscandetectthatacollisionhas

occurred.Acollidedframemustbetransmittedagainlater.Noerrorsotherthanthosegeneratedby

collisionsoccur.

4.ContinuousorSlottedTime.Timemaybeassumedcontinuous,inwhichcaseframetransmissioncan

beginatanyinstant.Alternatively,timemaybeslottedordividedintodiscreteintervals(calledslots).

Frametransmissionsmustthenbeginatthestartofaslot.Aslotmaycontain0,1,ormoreframes,

correspondingtoanidleslot,asuccessfultransmission,oracollision,respectively.

5.CarrierSenseorNoCarrierSense.Withthecarriersenseassumption,stationscantellifthe

channelisinusebeforetryingtouseit.Nostationwillattempttousethechannelwhileitissensed

asbusy.Ifthereisnocarriersense,stationscannotsensethechannelbeforetryingtouseit.They

justgoaheadandtransmit.Onlylatercantheydeterminewhetherthetransmissionwassuccessful.

MULTIPLEACCESSPROTOCOLS:

Whennodesorstationsareconnectedanduseacommonlink,calledamultipointorbroadcastlink,we

needamultiple-accessprotocoltocoordinateaccesstothelink.Theproblemofcontrollingtheaccess

tothemediumissimilartotherulesofspeakinginanassembly.Many
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formalprotocolshavebeendevisedtohandleaccesstoasharedlink.Wecategorizethemintothree

groups.Protocolsbelongingtoeachgroupareshownabove.

RANDOMACCESS

Inarandomaccessmethod,eachstationhastherighttothemediumwithoutbeingcontrolledbyany

otherstation.However,ifmorethanonestationtriestosend,thereisanaccessconflict-collision-

andtheframeswillbeeitherdestroyedormodified.Toavoidaccessconflictortoresolveitwhenit

happens,eachstationfollowsaproceduretoanswerthefollowingquestions:Whencanthestation

accessthemedium?

Whatcanthestationdoifthemediumisbusy?

Howcanthestationdeterminethesuccessorfailureofthetransmission?

Whatcanthestationdoifthereisanaccessconflict?

TherandomaccessmethodshaveevolvedfromaveryinterestingprotocolknownasALOHA,which

usedaverysimpleprocedurecalledmultipleaccess(MA).Themethodwasimprovedwiththeaddition

ofaprocedurethatforcesthestationtosensethemediumbeforetransmitting.Thiswascalled

carriersensemultipleaccess.Thismethodlaterevolvedintotwoparallelmethods:carriersenses

multipleaccesswithcollisiondetection(CSMA/CD)andcarriersensemultipleaccesswithcollision

avoidance(CSMA/CA).CSMA/CDtellsthestationwhattodowhenacollisionisdetected.CSMA/CA

triestoavoidthecollision.

ALOHA:

Inthe1970s,NormanAbramsonandhiscolleaguesattheUniversityofHawaiidevisedanewand

elegantmethodtosolvethechannelallocationproblem.Theirworkhasbeenextendedby
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manyresearcherssincethen(Abramson,1985).WewilldiscusstwoversionsofALOHAhere:

pureandslotted.

PureALOHA

ThebasicideaofanALOHAsystemissimple:letuserstransmitwhenevertheyhavedatatobesent.

Therewillbecollisions,ofcourse,andthecollidingframeswillbedamaged.However,duetothe

feedbackpropertyofbroadcasting,asendercanalwaysfindoutwhetheritsframewasdestroyedby

listeningtothechannel,thesamewayotherusersdo.

Iftheframewasdestroyed,thesenderjustwaitsarandomamountoftimeandsendsitagain.The

waitingtimemustberandomorthesameframeswillcollideoverandover,inlockstep.Systemsin

whichmultipleusersshareacommonchannelinawaythatcanleadtoconflictsarewidelyknownas

contentionsystems.

AsketchofframegenerationinanALOHAsystemisgiveninfigure.Wehavemadetheframesall

thesamelengthbecausethethroughputofALOHAsystemsismaximizedbyhavingauniformframe

sizeratherthanbyallowingvariablelengthframes.

InpureALOHA;framesaretransmittedatcompletelyarbitrarytimes.

Whenevertwoframestrytooccupythechannelatthesametime,therewillbeacollisionandboth

willbegarbled.Ifthefirstbitofanewframeoverlapswithjustthelastbitofaframealmost

finished,bothframeswillbetotallydestroyedandbothwillhavetoberetransmittedlater.The

checksumcannot(andshouldnot)distinguishbetweenatotallossandanearmiss.

Letthe''frametime''denotetheamountoftimeneededtotransmitthestandard,fixed-lengthframe

(i.e.,theframelengthdividedbythebitrate).Atthispointweassumethattheinfinite
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populationofusersgeneratesnewframesaccordingtoaPoissondistributionwithmeanNframesper

frametime.IfN>1,theusercommunityisgeneratingframesatahigherratethanthechannelcan

handle,andnearlyeveryframewillsufferacollision.Forreasonablethroughputwewouldexpect0

<N<1.

Inadditiontothenewframes,thestationsalsogenerateretransmissionsofframesthatpreviously

sufferedcollisions.Letusfurtherassumethattheprobabilityofktransmissionattemptsperframe

time,oldandnewcombined,isalsoPoisson,withmeanGperframetime.

Clearly,G≥N.Atlowload(i.e.,N≈0),therewillbefewcollisions,hencefewretransmissions,so

G≈N.Athighloadtherewillbemanycollisions,soG>N.Underallloads,thethroughput,S,is

justtheofferedload,G,timestheprobability,P0,ofatransmissionsucceeding—thatis,S=GP0,

whereP0istheprobabilitythataframedoesnotsufferacollision.

Aframewillnotsufferacollisionifnootherframesaresentwithinoneframetimeofitsstart,as

showninfigure.Lettbethetimerequiredtosendaframe.Ifanyotheruserhasgeneratedaframe

betweentimet0andt0+t,theendofthatframewillcollidewiththebeginningoftheshadedone.In

fact,theshadedframe'sfatewasalreadysealedevenbeforethefirstbitwassent,butsinceinpure

ALOHAastationdoesnotlistentothechannelbeforetransmitting,ithasnowayofknowingthat

anotherframewasalreadyunderway.Similarly,anyotherframestartedbetweent0+tandt0+2t

willbumpintotheendoftheshadedframe.

Figure4-2.

Vulnerableperiodfortheshadedframe.

TheprobabilitythatkframesaregeneratedduringagivenframetimeisgivenbythePoisson

distribution:
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Pr[k]=(Gke-G)/k!---------------Equation4

sotheprobabilityofzeroframesisjuste-G.Inanintervaltwoframetimeslong,themeannumberof

framesgeneratedis2G.Theprobabilityofnoothertrafficbeinginitiatedduringtheentire

vulnerableperiodisthusgivenbyP0=e-2G.UsingS=GP0,weget

S=Ge-2G

Therelationbetweentheofferedtrafficandthethroughputisshowninfigure.

ThroughputversusofferedtrafficforALOHAsystems.

ThemaximumthroughputoccursatG=0.5,withS=1/2e,whichisabout0.184.Inotherwords,

thebestwecanhopeforisachannelutilizationof18percent.Thisresultisnotveryencouraging,

butwitheveryonetransmittingatwill,wecouldhardlyhaveexpecteda100percentsuccessrate.

SlottedALOHA

InRoberts'method,whichhascometobeknownasslottedALOHA,incontrasttopureALOHA,a

computerisnotpermittedtosendwheneveracarriagereturnistyped.Instead,itisrequiredtowait

forthebeginningofthenextslot.



AsaresultoftheexponentialdependenceofEuponG,smallincreasesinthechannelloadcan

drasticallyreduceitsperformance.

SlottedAlohaisimportantforareasonthatmaynotbeinitiallyobvious.Itwasdevisedinthe1970s,

usedinafewearlyexperimentalsystems,andthenalmostforgotten.WhenInternetaccessoverthe

cablewasinvented,allofasuddentherewasaproblemofhowtoallocateasharedchannelamong

multiplecompetingusers,andslottedAlohawaspulledoutofthegarbagecantosavetheday.



MACAddress:

MediumaccesscontrolMACaddressorahardwareaddressreferstoauniquevalueassignedtoa

networkadapteronaLAN.Thisaddressisusedtoidentifyeachnodeinanetworkinadistantmanner.

MACaddressesare48bitlongandisrepresentedas12digithexadecimalnumberasfollows

AA:AA:AA:BB:BB:BBorAA-AA-AA-BB-BB-BB

Wherethefirsthalfspecifiesthemanufacturersidofanadapterandthesecondhalfspecifiesthe

serialnumberassociatedwiththeadapter.Thisserialnumberisassignedbythemanufacturertoan

adapter.

AnOSIisthemostwidelyusednetworkarchitecturewherethedatalinklayerisdividedintoMACand

logicallinkcontrolsublayers;MACaddressesareusedtouniquelyidentifyacomputeronanetwork.

CARRIERSENSEMULTIPLEACCESSPROTOCOLS:

WithslottedALOHAthebestchannelutilizationthatcanbeachievedis1/e.Inlocalareanetworks,

however,itispossibleforstationstodetectwhatotherstationsaredoing,andadapttheirbehavior

accordingly.Thesenetworkscanachieveamuchbetterutilizationthan1/e.Protocolsinwhich

stationslistenforacarrier(i.e.,atransmission)andactaccordinglyarecalledcarriersense

protocols.

PersistentandNon-persistentCSMA:

1-persistentCSMA:Whenastationhasdatatosend,itfirstlistenstothechanneltoseeifanyone

elseistransmittingatthatmoment.Ifthechannelisbusy,thestationwaitsuntilitbecomesidle.

Whenthestationdetectsanidlechannel,ittransmitsaframe.Ifacollisionoccurs,thestationwaits

arandomamountoftimeandstartsalloveragain.Theprotocoliscalled1-persistentbecausethe

stationtransmitswithaprobabilityof1whenitfindsthechannelidle.

Thepropagationdelayhasanimportanteffectontheperformanceoftheprotocol.Thereisasmall

chancethatjustafterastationbeginssending,anotherstationwillbecomereadytosendandsense

thechannel.Ifthefirststation'ssignalhasnotyetreachedthesecondone,thelatterwillsensean

idlechannelandwillalsobeginsending,resultinginacollision.

Evenifthepropagationdelayiszero,therewillstillbecollisions.Iftwostationsbecomereadyinthe

middleofathirdstation'stransmission,bothwillwaitpolitelyuntilthetransmissionendsandthen

bothwillbegintransmittingexactlysimultaneously,resultinginacollision.Iftheywerenotso

impatient,therewouldbefewercollisions.Thisapproachwillleadtoahigherperformancethan

pureALOHA.



Non-persistentCSMA:Inthisprotocol,astationsensesthechannel.Ifnooneelseissending,the

stationbeginsdoingsoitself.However,ifthechannelisalreadyinuse,thestationdoesnot

continuallysenseitforthepurposeofseizingitimmediatelyupondetectingtheendoftheprevious

transmission.Instead,itwaitsarandomperiodoftimeandthenrepeatsthealgorithm.Consequently,

thisalgorithmleadstobetterchannelutilizationbutlongerdelaysthan1-persistentCSMA.

P-persistentCSMA:Itappliestoslottedchannels.Whenastationbecomesreadytosend,itsenses

thechannel.Ifitisidle,ittransmitswithaprobabilityp.Withaprobabilityq=1-p,itdefers

untilthenextslot.Ifthatslotisalsoidle,iteithertransmitsordefersagain,withprobabilitiesp

andq.Thisprocessisrepeateduntileithertheframehasbeentransmittedoranotherstationhas

beguntransmitting.Inthelattercase,theunluckystationactsasiftherehadbeenacollision(i.e.,

itwaitsarandomtimeandstartsagain).Ifthestationinitiallysensesthechannelbusy,itwaitsuntil

thenextslotandappliestheabovealgorithm.Figureshowsthecomputedthroughputversusoffered

trafficforallthreeprotocols,aswellasforpureandslottedALOHA.

Computedthroughputversusofferedtrafficforallthreeprotocols

CSMAWITHCOLLISIONDETECTION:

AnotherimprovementisforstationstoaborttheirtransmissionsassoonastheydetectacollisionIn

otherwords,iftwostationssensethechanneltobeidleandbegintransmittingsimultaneously,they

willbothdetectthecollisionalmostimmediately.Quicklyterminatingdamagedframessavestimeand

bandwidth.Thisprotocol,knownasCSMA/CD(CSMAwithCollisionDetection)iswidelyusedon

LANsintheMACsublayer.
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CSMA/CD,aswellasmanyotherLANprotocols,usestheconceptualmodeloffigure.Atthepoint

markedt0,astationhasfinishedtransmittingitsframe.Anyotherstationhavingaframetosend

maynowattempttodoso.Iftwoormorestationsdecidetotransmitsimultaneously,therewillbea

collision.Collisionscanbedetectedbylookingatthepowerorpulsewidthofthereceivedsignaland

comparingittothetransmittedsignal.

CSMA/CDConceptualmodel

Afterastationdetectsacollision,itabortsitstransmission,waitsarandomperiodoftime,andthen

triesagain,assumingthatnootherstationhasstartedtransmittinginthemeantime.Therefore,our

modelforCSMA/CDwillconsistofalternatingcontentionandtransmissionperiods,withidleperiods

occurringwhenallstationsarequiet(e.g.,forlackofwork).

Supposethattwostationsbothbegintransmittingatexactlytimet0.Howlongwillittakethemto

realizethattherehasbeenacollision?Theanswertothisquestionisvitaltodeterminingthelength

ofthecontentionperiodandhencewhatthedelayandthroughputwillbe.Theminimumtimetodetect

thecollisionisthenjustthetimeittakesthesignaltopropagatefromonestationtotheother.

Basedonthisreasoning,youmightthinkthatastationnothearingacollisionforatimeequaltothe

fullcablepropagationtimeafterstartingitstransmissioncouldbesureithadseizedthecable.By

''seized,''wemeanthatallotherstationsknewitwastransmittingandwouldnotinterfere.This

conclusioniswrong.Considerthefollowingworst-casescenario.Letthetimeforasignalto

propagatebetweenthetwofartheststationsbe.Att0,onestationbeginstransmitting.At - ,

aninstantbeforethesignalarriveatthemostdistantstation,thatstationalsobeginstransmitting.

Ofcourse,itdetectsthecollisionalmostinstantlyandstops,butthelittlenoiseburstcausedbythe

collisiondoesnotgetbacktotheoriginalstationuntiltime2 - .Inotherwords,intheworstcase

astationcannotbesurethatithasseizedthechanneluntilithastransmittedfor2 withouthearing

acollision.Forthisreasonwewillmodelthecontention
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intervalasaslottedALOHAsystemwithslotwidth2.Ona1-kmlongcoaxialcable, 5μsec.For

simplicitywewillassumethateachslotcontainsjust1bit.Oncethechannelhasbeenseized,astation

cantransmitatanyrateitwantsto,ofcourse,notjustat1bitper2 sec.

Itisimportanttorealizethatcollisiondetectionisananalogprocess.Thestation'shardwaremust

listentothecablewhileitistransmitting.Ifwhatitreadsbackisdifferentfromwhatitisputting

out,itknowsthatacollisionisoccurring.Theimplicationisthatthesignalencodingmustallow

collisionstobedetected(e.g.,acollisionoftwo0-voltsignalsmaywellbeimpossibletodetect).For

thisreason,specialencodingiscommonlyused.

Itisalsoworthnotingthatasendingstationmustcontinuallymonitorthechannel,listeningfornoise

burststhatmightindicateacollision.Forthisreason,CSMA/CDwithasinglechannelisinherently

ahalf-duplexsystem.Itisimpossibleforastationtotransmitandreceiveframesatthesametime

becausethereceivinglogicisinuse,lookingforcollisionsduringeverytransmission.

Toavoidanymisunderstanding,itisworthnotingthatnoMAC-sublayerprotocolguaranteesreliable

delivery.Evenintheabsenceofcollisions,thereceivermaynothavecopiedtheframecorrectlyfor

variousreasons(e.g.,lackofbufferspaceoramissedinterrupt).

CSMAwithCollisionAvoidance:

CSMA/CAprotocolisusedinwirelessnetworksbecausetheycannotdetectthecollisionsotheonly

solutioniscollisionavoidance.

CSMA/CAavoidsthecollisionsusingthreebasictechniques.

(i)Interframespace

(ii)Contentionwindow

(iii)Acknowledgements

CSMAwithCollisionAvoidance
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Wheneverthechannelisfoundidle,thestationdoesnottransmitimmediately.Itwaitsforaperiod

oftimecalledinterframespace(IFS).

Whenchannelissensedtobeidle,itmaybepossiblethatsamedistantstationmayhavealreadystarted

transmittingandthesignalofthatdistantstationhasnotyetreachedotherstations.

ThereforethepurposeofIFStimeistoallowthistransmittedsignaltoreachotherstations.

IfafterthisIFStime,thechannelisstillidle,thestationcansend,butitstillneedstowaitatime

equaltocontentiontime

Astationthatisreadytosendchoosesarandomnumberofslotsasitswaittime.Thenumberofslots

inthewindowchangesaccordingtothebinaryexponentialback-offstrategy.Itmeansthatitisset

ofoneslotthefirsttimeandthendoubleseachtimethestationcannotdetectanidlechannelafter

theIFStime.Thisisverysimilartothep-persistentmethodexceptthatarandomoutcomedefines

thenumberofslotstakenbythewaitingstation.Incontentionwindowthestationneedstosensethe

channelaftereachtimeslot.Ifthestationfindsthechannelbusy,itdoesnotrestarttheprocess.It

juststopsthetimer&restartsitwhenthechannelissensedasidle.

3.Acknowledgement

Despitealltheprecautions,collisionsmayoccuranddestroythedata.

Thepositiveacknowledgmentandthetime-outtimercanhelpguaranteethatreceiverhasreceivedthe

frame.
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CSMA/CAProcedure:

ShowstheflowchartexplainingtheprincipleofCSMA/CA.

ThisistheCSMAprotocolwithcollisionavoidance.Thestationreadytotransmit,sensesthelineby

usingoneofthepersistentstrategies.Assoonasitfindthelinetobeidle,thestationwaitsforan

IFG(Interframegap)amountoftime.

Ifthenwaitsforsomerandomtimeandsendstheframe.Aftersendingtheframe,itsetsatimer

andwaitsfortheacknowledgementfromthereceiver.

Iftheacknowledgementisreceivedbeforeexpiryofthetimer,thenthetransmissionissuccessful.

Butifthetransmittingstationdoesnotreceivetheexpectedacknowledgementbeforethetimerexpiry

thenitincrementsthebackoffparameter,waitsforthebackofftimeandresensestheline.

VIEW 13



CONTROLLEDACCESS

Incontrolledaccess,thestationsconsultoneanothertofindwhichstationhastherighttosend.A

stationcannotsendunlessithasbeenauthorizedbyotherstations.Wediscussthreepopular

controlled-accessmethods.

Reservation

Inthereservationmethod,astationneedstomakeareservationbeforesendingdata.Timeisdivided

intointervals.Ineachinterval,areservationframeprecedesthedataframessentinthatinterval.If

thereareNstationsinthesystem,thereareexactlyNreservationmini-slotsinthereservationframe.

Eachmini-slotbelongstoastation.Whenastationneedstosendadataframe,itmakesareservation

initsownmini-slot.Thestationsthathavemadereservationscansendtheirdataframesafterthe

reservationframe.

Figure12.18showsasituationwithfivestationsandafive-minislotreservationframe.Inthefirst

interval,onlystations1,3,and4havemadereservations.Inthesecondinterval,onlystation1has

madeareservation.

Reservation

Polling

Pollingworkswithtopologiesinwhichonedeviceisdesignatedasaprimarystationandtheother

devicesaresecondarystations.Alldataexchangesmustbemadethroughtheprimarydeviceeven

whentheultimatedestinationisasecondarydevice.Theprimarydevicecontrolsthelink;the

secondarydevicesfollowitsinstructions.Itisuptotheprimarydevicetodeterminewhichdeviceis

allowedtousethechannelatagiventime.Theprimarydevice,therefore,isalwaystheinitiatorofa

session(seeFigure).Iftheprimarywantstoreceivedata,itasksthesecondary’siftheyhave

anythingtosend;thisiscalledpollfunction.Iftheprimarywantstosenddata,ittellsthesecondary

togetreadytoreceive;thisiscalledselectfunction.

Select

Theselectfunctionisusedwhenevertheprimarydevicehassomethingtosend.Rememberthatthe

primarycontrolsthelink.Iftheprimaryisneithersendingnorreceivingdata,itknowsthe
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linkisavailable.Ifithassomethingtosend,theprimarydevicesendsit.Whatitdoesnotknow,

however,iswhetherthetargetdeviceispreparedtoreceive.Sotheprimarymustalertthesecondary

totheupcomingtransmissionandwaitforanacknowledgmentofthesecondary'sreadystatus.Before

sendingdata,theprimarycreatesandtransmitsaselect(SEL)frame,onefieldofwhichincludesthe

addressoftheintendedsecondary.

Poll

Thepollfunctionisusedbytheprimarydevicetosolicittransmissionsfromthesecondarydevices.

Whentheprimaryisreadytoreceivedata,itmustask(poll)eachdeviceinturnifithasanythingto

send.Whenthefirstsecondaryisapproached,itrespondseitherwithaNAKframeifithasnothing

tosendorwithdata(intheformofadataframe)ifitdoes.Iftheresponseisnegative(aNAK

frame),thentheprimarypollsthenextsecondaryinthesamemanneruntilitfindsonewithdatato

send.Whentheresponseispositive(adataframe),theprimaryreadstheframeandreturnsan

acknowledgment(ACKframe),verifyingitsreceipt.

Select Poll

Collision-FreeProtocols:

AlthoughcollisionsdonotoccurwithCSMA/CDonceastationhasunambiguouslycapturedthe

channel,theycanstilloccurduringthecontentionperiod.Someprotocolsthatresolvethecontention

forthechannelwithoutanycollisionsatall,notevenduringthecontentionperiod.Mostofthese

protocolsarenotcurrentlyusedinmajorsystems,butinarapidlychangingfield,havingsome

protocolswithexcellentpropertiesavailableforfuturesystemsisoftenagoodthing.
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WeassumethatthereareexactlyNstations,eachprogrammedwithauniqueaddressfrom0toN

−1.Itdoesnotmatterthatsomestationsmaybeinactivepartofthetime.Wealsoassumethat

propagationdelayisnegligible.

ABit-MapProtocol:

Inourfirstcollision-freeprotocol,thebasicbit-mapmethod,eachcontentionperiodconsistsof

exactlyNslots.Ifstation0hasaframetosend,ittransmitsa1bitduringtheslot0.Noother

stationisallowedtotransmitduringthisslot.Regardlessofwhatstation0does,station1getsthe

opportunitytotransmita1bitduringslot1,butonlyifithasaframequeued.Ingeneral,stationj

mayannouncethatithasaframetosendbyinsertinga1bitintoslotj.AfterallNslotshavepassed

by,eachstationhascompleteknowledgeofwhichstationswishtotransmit.Atthatpoint,they

begintransmittingframesinnumericalorder.

Thebasicbit-mapprotocol

Protocolslikethisinwhichthedesiretotransmitisbroadcastbeforetheactualtransmissionare

calledreservationprotocolsbecausetheyreservechannelownershipinadvanceandpreventcollisions.

TokenPassing

Inthetoken-passingmethod,thestationsinanetworkareorganizedinalogicalring.Inotherwords,

foreachstation,thereisapredecessorandasuccessor.Thepredecessoristhestationwhichis

logicallybeforethestationinthering;thesuccessoristhestationwhichisafterthestationinthe

ring.Thecurrentstationistheonethatisaccessingthechannelnow.Therighttothisaccesshas

beenpassedfromthepredecessortothecurrentstation.Therightwillbepassedtothesuccessor

whenthecurrentstationhasnomoredatatosend.

Buthowistherighttoaccessthechannelpassedfromonestationtoanother?Inthismethod,a

specialpacketcalledatokencirculatesthroughthering.Thepossessionofthetokengivesthe

stationtherighttoaccessthechannelandsenditsdata.
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Tokenpassingnetwork

Tokenpassingprocedure

Whenastationhassomedatatosend,itwaitsuntilitreceivesthetokenfromitspredecessor.Itthen

holdsthetokenandsendsitsdata.Whenthestationhasnomoredatatosend,itreleasesthetoken,

passingittothenextlogicalstationinthering.Thestationcannotsenddatauntilitreceivesthe

tokenagaininthenextround.Inthisprocess,whenastationreceivesthetokenandhasnodatato

send,itjustpassesthedatatothenextstation.

Tokenmanagementisneededforthisaccessmethod.Stationsmustbelimitedinthetimetheycan

havepossessionofthetoken.Thetokenmustbemonitoredtoensureithasnotbeenlostordestroyed.

Forexample,ifastationthatisholdingthetokenfails,thetokenwilldisappearfromthenetwork.

Anotherfunctionoftokenmanagementistoassignprioritiestothestationsandtothetypesofdata

beingtransmitted.Andfinally,tokenmanagementisneededtomakelow-prioritystationsreleasethe

tokentohighprioritystations.

BinaryCountdown:

Aproblemwiththebasicbit-mapprotocol,andbyextensiontokenpassing,isthattheoverheadis1

bitperstation,soitdoesnotscalewelltonetworkswiththousandsofstations.Wecandobetter

thanthatbyusingbinarystationaddresseswithachannelthatcombinestransmissions.A
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stationwantingtousethechannelnowbroadcastsitsaddressasabinarybitstring,startingwiththe

highorderbit.Alladdressesareassumedtobethesamelength.Thebitsineachaddressposition

fromdifferentstationsareBOOLEANORedtogetherbythechannelwhentheyaresentatthesame

time.Wewillcallthisprotocolbinarycountdown.

Toavoidconflicts,anarbitrationrulemustbeapplied:assoonasastationseesthatahigh-

orderbitpositionthatis0initsaddresshasbeenoverwrittenwitha1,itgivesup.Forexample,if

stations0010,0100,1001,and1010arealltryingtogetthechannel,inthefirstbittimethestations

transmit0,0,1,and1,respectively.TheseareORedtogethertoforma1.Stations0010and0100

seethe1andknowthatahigher-numberedstationiscompetingforthechannel,sotheygiveupfor

thecurrentround.Stations1001and1010continue.

Thenextbitis0,andbothstationscontinue.Thenextbitis1,sostation1001givesup.The

winnerisstation1010becauseithasthehighestaddress.Afterwinningthebidding,itmaynow

transmitaframe,afterwhichanotherbiddingcyclestarts.TheprotocolisillustratedinFig.4-8.

Ithasthepropertythathigher-numberedstationshaveahigherprioritythanlower-numbered

stations,whichmaybeeithergoodorbad,dependingonthecontext.

Thebinarycountdownprotocol.Adashindicatessilence.
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Limited-ContentionProtocols:

Itwouldbeniceifwecouldcombinethebestpropertiesofthecontentionandcollision-freeprotocols,

arrivingatanewprotocolthatusedcontentionatlowloadtoprovidelowdelay,butusedacollision-

freetechniqueathighloadtoprovidegoodchannelefficiency.Suchprotocols,whichwewillcall

limited-contentionprotocols.

Theonlycontentionprotocolswehavestudiedhavebeensymmetric.Thatis,eachstation

attemptstoacquirethechannelwithsomeprobability,p,withallstationsusingthesamep.

Interestinglyenough,theoverallsystemperformancecansometimesbeimprovedbyusingaprotocol

thatassignsdifferentprobabilitiestodifferentstations.

WirelessLANProtocols:

AcommonconfigurationforawirelessLANisanofficebuildingwithaccesspoints(APs)

strategicallyplacedaroundthebuilding.TheAPsarewiredtogetherusingcopperorfiberand

provideconnectivitytothestationsthattalktothem.

ThereisanevenmoreimportantdifferencebetweenwirelessLANsandwiredLANs.Astationona

wirelessLANmaynotbeabletotransmitframestoorreceiveframesfromallotherstationsbecause

ofthelimitedradiorangeofthestations.InwiredLANs,whenonestationsendsaframe,allother

stationsreceiveit.TheabsenceofthispropertyinwirelessLANscausesavarietyofcomplications.

AnaiveapproachtousingawirelessLANmightbetotryCSMA:justlistenforothertransmissions

andonlytransmitifnooneelseisdoingso.Thetroubleis,thisprotocolisnotreallyagoodwayto

thinkaboutwirelessbecausewhatmattersforreceptionisinterferenceatthereceiver,notatthe

sender.Toseethenatureoftheproblem,considerFig.4-11,wherefourwirelessstationsare

illustrated.Forourpurposes,itdoesnotmatterwhichareAPsandwhicharelaptops.Theradio

rangeissuchthatAandBarewithineachother’srangeandcanpotentiallyinterferewithone

another.CcanalsopotentiallyinterferewithbothBandD,butnotwithA.
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AwirelessLAN.(a)AandCarehiddenterminalswhentransmittingtoB.(b)BandCare

exposedterminalswhentransmittingtoAandD.

FirstconsiderwhathappenswhenAandCtransmittoB,asdepictedinFig.(a).IfAsendsandthenC

immediatelysensesthemedium,itwillnothearAbecauseAisoutofrange.ThusCwillfalsely

concludethatitcantransmittoB.IfCdoesstarttransmitting,itwillinterfereatB,wipingoutthe

framefromA.(WeassumeherethatnoCDMA-typeschemeisusedtoprovidemultiplechannels,so

collisionsgarblethesignalanddestroybothframes.)WewantaMACprotocolthatwillpreventthis

kindofcollisionfromhappeningbecauseitwastesbandwidth.Theproblemofastationnotbeingable

todetectapotentialcompetitorforthemediumbecausethecompetitoristoofarawayiscalledthe

hiddenterminalproblem.

Nowletuslookatadifferentsituation:BtransmittingtoAatthesametimethatCwantsto

transmittoD,asshowninFig.4-11(b).IfCsensesthemedium,itwillhearatransmissionand

falselyconcludethatitmaynotsendtoD(shownasadashedline).Infact,suchatransmissionwould

causebadreceptiononlyinthezonebetweenBandC,whereneitheroftheintendedreceiversis

located.WewantaMACprotocolthatpreventsthiskindofdeferralfromhappeningbecauseit

wastesbandwidth.Theproblemiscalledtheexposedterminalproblem.

AnearlyandinfluentialprotocolthattacklestheseproblemsforwirelessLANsisMACA(Multiple

AccesswithCollisionAvoidance)(Karn,1990).Thebasicideabehinditisforthesendertostimulate

thereceiverintooutputtingashortframe,sostationsnearbycandetectthistransmissionandavoid

transmittingforthedurationoftheupcoming(large)dataframe.Thistechniqueisusedinsteadof

carriersense.

MACAisillustratedinfollowingFig.LetusseehowAsendsaframetoB.Astartsbysendingan

RTS(RequestToSend)frametoB,asshowninFig.4-12(a).Thisshortframe(30bytes)contains

thelengthofthedataframethatwilleventuallyfollow.ThenBreplieswithaCTS(ClearToSend)

frame,asshowninFig.4-12(b).TheCTSframecontainsthedatalength(copiedfromtheRTS

frame).UponreceiptoftheCTSframe,Abeginstransmission.
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TheMACAprotocol.(a)AsendinganRTStoB.(b)BrespondingwithaCTStoA.

ETHERNET

 LOCALAREANETWORK(LAN)isacomputernetworkthatisdesignedforalimited

geographicareasuchasabuildingoracampus.MostLANstodayarealsolinkedtoawide

areanetwork(WAN)ortheInternet.

 TheLANmarkethasseenseveraltechnologiessuchasEthernet,TokenRing,TokenBus,

FDDI,andATMLAN.Someofthesetechnologiessurvivedforawhile,butEthernetisby

farthedominanttechnology.

 The IEEE Standard Project802, designed to regulate the manufacturing and

interconnectivitybetweendifferentLANs.Ethernethaschangedtomeetthemarketneeds

andtomakeuseofthenewtechnologies.

 E.g.,

IEEE802.3Ethernet

IEEE802.11WirelessLAN(Wi-Fi)

IEEE802.15WirelessPAN(Bluetooth,etc)

IEEESTANDARDS:

 In1985,theComputerSocietyoftheIEEEstartedaproject,calledProject802,todefine

certainLANstandards.Project802,consistingavarietyofLANstandardsdealsprimarily

withphysicallayerandthedatalinklayerissues.
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 ThestandardwasadoptedbytheAmericanNationalStandardsInstitute(ANSI).In1987,the

InternationalOrganizationforStandardization(ISO)alsoapproveditasaninternational

standardunderthedesignationISO8802.

 TheIEEEhassubdividedthedatalinklayerintotwosublayers:logicallinkcontrol(LLC)and

mediaaccesscontrol(MAC).IEEEhasalsocreatedseveralphysicallayerstandardsfor

differentLANprotocols.

Fig:IEEEStandardofLANs

DATALINKLAYER:

 ThedatalinklayerintheIEEEstandardisdividedintotwosublayers:

LogicalLinkControl(LLC)

MediaAccessControl(MAC)

LogicalLinkControl(LLC):

 InIEEEProject802,flowcontrol,errorcontrol,andpartoftheframingdutiesare

collectedintoonesublayercalledthelogicallinkcontrol.

 FramingishandledinboththeLLCsublayerandtheMACsublayer.

 TheLLCprovidesonesingledatalinkcontrolprotocolforallIEEELANswhereas,MAC

sublayerprovidesdifferentprotocolsfordifferentLANs.

 AsingleLLCprotocolcanprovideinterconnectivitybetweendifferentLANsbecauseitmakes

theMACsublayertransparent.

Framing:LLCdefinesaprotocoldataunit(PDU)thatissomewhatsimilartothatof

HDLC.
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 HDLCPDUisdividedintoPDUattheLLCandaframeattheMACsublayer.

 TheLLCPDUcontainstheaddressofthedestinationserviceaccesspoint(DSAP),source

serviceaccesspoint(SSAP),controlfieldandupperlayerdata.

 Thecontrolfieldisresponsibleforflowanderrorcontrol.

 NeedforLLCThepurposeoftheLLCistoprovideflowanderrorcontrolfortheupper-

layerprotocolsthatactuallydemandtheseservices.

MediaAccessControl(MAC):

 Multipleaccessmethodsincludingrandomaccess,controlledaccess,andchannelization.

 IEEEProject802hascreatedasublayercalledmediaaccesscontrolthatdefinesthespecific

accessmethodforeachLAN.

 Forexample,itdefinesCSMA/CDasthemediaaccessmethodforEthernetLANsandthe

tokenpassingmethodforTokenRingandTokenBusLANs.

 ComparedtoLLCsublayer,theMACsublayercontainsanumberofdistinctmodules;each

definestheaccessmethodandtheframingformatspecifictothecorrespondingLANprotocol.

PHYSICALLAYER:

Thephysicallayerisdependentontheimplementationandtypeofphysicalmediaused.

IEEEdefinesdetailedspecificationsforeachLANimplementation.

Forexample,althoughthereisonlyoneMACsublayerforStandardEthernet,thereisadifferent

physicallayerspecificationsforeachEthernetimplementations.

MANCHESTERENCODING:

 Manchesterencodingisasynchronousclockencodingtechniqueusedbythephysicallayerto

encodetheclockanddataofasynchronousbitstream.Inthistechnique,the
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actualbinarydatatobetransmittedoverthecablearenotsentasasequenceoflogic1'sand

0's.Instead,thebitsusingstraightbinaryencoding.

 ThedataarerepresentedNOTbylogic1or0,butwithlinetransitions.Alogic0is

representedbyatransitionfromHIGHtoLOW,andalogicHIGHisrepresentedbya

transitionfromLOWtoHIGH.

 Thedatatoencodeisthebinarynumber10010,readingfromlefttoright.Thecodingoccurs

oneveryfallingedgeoftheclock.Onthefirstfallingedgeoftheclock,thecodedsignal

hasaLOW toHIGHtransition,becausethedataisHIGH.Onthesecondfallingedgeofthe

clock,thecodehasaHIGHtoLOW transitionbecausethedataisLOW.Thesamealgorithm

isappliedfortherestofthesignal.

TheDifferentialManchesterCoding:

 TheDifferentialManchesterCodeisavariationoftheManchestercode

 ThetransmissionlineiskeptHIGHwhennodataissent.Thereare2encodingmethods:The

firstisthe"TransitiononLOW"andthesecondisthe"TransitiononHIGH".Forthisexample,

tousethefirstmethod,"TransitiononLOW".

 Ifthedatabitis0,thenapolaritytransitionoccurs(ifwasHIGHitgoesLOW,andifitwas

LOWitgoesHIGH),otherwisethelineremainsunchanged.

 Inourexample,thedatathatistransmittedisthebinary'10011101'(startingfromleftto

right).Eachdatabitistransmittedduringnegativetransitionoftheclock.Betweeneachbit

transmission,thecodelinechangespolarity.Thisisdonetohelpthereceiverrecreatethe

clocksignalandsynchronizewiththetransmitter.
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 Usethe"TransitiononLOW"method.Thismeansthatwhenabitistransmitted,ifthisbitis

ZEROthedatalinechangespolarity.Otherwise,ifthebitis1thedatalinepolarityremains

unchanged.

 Supposenowthatwewanttotransmitthisbyte(10011101).ThecodelineisHIGH.The

transmissionisinitiatedbypullingthecodelineLOW.Afterhalfapulse,theoutputis

pulledHIGH.Thisispartofthesynchronizationtransitionthatoccurseverymiddleofabit

transmission.Halfapulsenext,thefirstbitistransmitted.Thefirstbitis1(startingfrom

left),sothecodelinepolarityremainsunchanged.Afterhalfapulse,thecodelinepolarity

changesstateandgoesLOW.Afteronefullpulse,thesecondbitisabouttobetransmitted.

Thisbitisthe0,sothecodelinechangespolarityandgoesHIGH.Thesamealgorithmisused

totransmitall8bitsofthedata.Finally,thecodelineispulledHIGHandthetransmission

ends.

STANDARDETHERNET:

TheoriginalEthernetwascreatedin1976atXerox’spaloaltoresearchcenter(PARC)The

ETHERNEThasgonethroughfourgenerations:

 StandardEthernet(10Mbps)

 FastEthernet(100Mbps)

 GigabitEthernet(lGbps)

 Ten-GigabitEthernet(l0Gbps)
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MACSublayer:

 InStandardEthernet,theMACsublayergovernstheoperationoftheaccessmethod.Italso

framesdatareceivedfromtheupperlayerandpassesthemtothephysicallayer.

FrameFormat

 TheEthernetframecontainssevenfields:preamble,SFD,DA,SA,lengthortypeof

protocoldataunit(PDU),upper-layerdata,andtheCRC.

 Ethernetdoesnotprovideanymechanismforacknowledgingreceivedframes,makingitwhat

isknownasanunreliablemedium.Acknowledgmentsmustbeimplementedatthehigherlayers.

 TheformatoftheMACframe

 Preamble.Thefirstfieldofthe802.3framecontains7bytes(56bits)ofalternatingOs

andIsthatalertsthereceivingsystemtothecomingframeandenablesittosynchronizeits

inputtiming.Thepreambleisaddedatthephysicallayerandisnotpartoftheframe.

 Startframedelimiter(SFD).Thesecondfield(lbyte:10101011)signalsthebeginningofthe

frame.Thelast2bitsis11andalertsthereceiverthatthenextfieldisthedestination

address.
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 Destinationaddress(DA).6byteslongandcontainsthephysicaladdressofthedestination

station.

 Sourceaddress(SA).6byteslongandcontainsthephysicaladdressofthesenderstation.

 Lengthortype.Thelengthfieldtodefinethenumberofbytesinthedatafield.

 Data.Thisfieldcarriesdataencapsulatedfromtheupper-layerprotocols.Itisaminimumof

46andamaximumof1500bytes.

 CRC.Thelastfieldcontainserrordetectioninformation,inthiscaseaCRC-32.

FrameLength

Ethernethasimposedrestrictionsonboththeminimumandmaximumlengthsofaframe.

Minimumlength:

AnEthernetframeneedstohaveaminimumlengthof512bitsor64byteswhichincludes

headerandthetrailer.Ifwecount18bytesofheaderandtrailer(6bytesofsourceaddress,6bytes

ofdestinationaddress,2bytesoflengthortype,and4bytesofCRC),thentheminimumlengthof

datafromtheupperlayeris64-18=46bytes.Iftheupper-layerpacketislessthan46bytes,

paddingisaddedtomakeupthedifference.

Maximumlength:

Thestandarddefinesthemaximumlengthofaframe1518bytes.Ifwesubtractthe18bytes

ofheaderandtrailer,themaximumlengthofthepayloadis1500bytes.Themaximumlength

restrictionhastworeasons.

1.Toreducethesizeofthebuffer.

2.Topreventsonestationfrommonopolizingthesharedmedium,blockingothersstationsthathave

datatosend.
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Framelength:

Minimum:64bytes(512bits)Maximum:1518bytes(12,144bits)

Addressing

EachstationonanEthernetnetworkhasitsownnetworkinterfacecard(NIC).TheNICprovides6-

bytesphysicaladdresstothestation.Hexadecimalnotationonly.

 Unicastaddress:definesonlyonerecipient;therelationshipbetweenthesenderandthe

receiverisone-to-one.

 Multicastaddress:definesagroupofaddresses;therelationshipbetweenthesenderandthe

receiversisone-to-many.

Theleastsignificantbitofthe1stbytedefinesthetypeofaddress.

Ifthebitis0,theaddressisUNICAST.

Ifthebitis1,theaddressisMULTICAST.

 Broadcastaddress:TherecipientsareallthestationsontheLAN.Abroadcastdestination

addressisforty-eight1’s.

AccessMethod:CSMA/CD:

StandardEthernetusesI-persistentCSMA/CD.

SlotTime:InanEthernetnetwork,theround-triptimerequiredforaframetotravelfromoneend

ofamaximum-lengthnetworktotheotherplusthetimeneededtosendthejamsequenceiscalledthe

slottime.

Slottime=round-triptime+timerequiredtosendthejamsequence

TheslottimeinEthernetisdefinedinbits.Itisthetimerequiredforastationtosend512bits.This

meansthattheactualslottimedependsonthedatarate;fortraditional10-MbpsEthernetitis51.2

I1s.

SlotTimeandCollision:ItwaschosentoallowtheproperfunctioningofCSMA/CD.Tounderstand

thesituation,letusconsidertwocases.

1. Thesendersendsaminimum-sizepacketof512bits.
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Beforethesendercansendtheentirepacketout,thesignaltravelsthroughthe

networkandreachestheendofthenetwork.Ifthereisanothersignalattheendofthenetwork,a

collisionoccurs.Thesenderhastheopportunitytoabortthesendingoftheframeandtosendajam

sequencetoinformotherstationsofthecollision.Theround-triptimeplusthetimerequiredtosend

thejamsequenceshouldbelessthanthetimeneededforthesendertosendtheminimumframe,512

bits.Thesenderneedstobeawareofthecollisionbeforeitistoolate,thatis,beforeithassentthe

entireframe.

2.Thesendersendsaframelargerthantheminimumsize(between512and1518bits).

Ifthestationhassentoutthefirst512bitsandhasnotheardacollision,itis

guaranteedthatcollisionwillneveroccurduringthetransmissionofthisframe.Thereasonisthat

thesignalwillreachtheendofthenetworkinlessthanone-halftheslottime.Ifallstationsfollow

theCSMA/CDprotocol,theyhavealreadysensedtheexistenceofthesignal(carrier)onthelineand

haverefrainedfromsending.Iftheysentasignalonthelinebeforeone-halfoftheslottime

expired,acollisionhasoccurredandthesenderhassensedthecollision.

SlotTimeandMaximumNetworkLength:Thereisarelationshipbetweentheslottimeandthe

maximumlengthofthenetwork.

MaxLength= PropagationSpeedx SlotTime/2

MaxLength=(2x108)X(51.2X10-6/2)=5120m

Ofcourse,weneedtoconsiderthedelaytimesinrepeatersandinterfaces,andthetime

requiredtosendthejamsequence.Thesereducethemaximum-lengthofatraditionalEthernet

networkto2500m,just48percentofthetheoreticalcalculation.

MaxLength=2500m.

PhysicalLayerImplementations:

TheStandardEthernetdefinesseveralphysicallayerimplementations.
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EncodingandDecoding:

 Allstandardimplementationsusedigitalsignaling(baseband)at10Mbps.

 Atthesender,dataareconvertedtoadigitalsignalusingtheManchesterscheme;

 Atthereceiver,thereceivedsignalisinterpretedasManchesteranddecodedintodata.

 Manchesterencodingisself-synchronous,providingatransitionateachbitinterval.

10Base5:ThickEthernet:

 Thefirstimplementationiscalled10Base5,thickEthernet,orThicknet.

 10Base5wasthefirstEthernetspecificationtouseabustopologywithanexternal

transceiver(transmitter/receiver)connectedviaataptoathickcoaxialcable.

 Thetransceiverisresponsiblefortransmitting,receiving,anddetectingcollisions.The

transceiverisconnectedtothestationviaatransceivercablethatprovidesseparatepathsfor

sendingandreceiving.Thismeansthatcollisioncanonlyhappeninthecoaxialcable.

 Themaximumlengthofthecoaxialcablemustnotexceed500m,otherwise,thereis

excessivedegradationofthesignal.Ifalengthofmorethan500misneeded,uptofive

segments,eachamaximumof5OO-meter,canbeconnectedusingrepeaters.
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10Base2:ThinEthernet:

 Thesecondimplementationiscalled10Base2,thinEthernet,orCheapernet.

 10Base2alsousesabustopology,butthecableismuchthinnerandmoreflexible.

 Thecablecanbebenttopassveryclosetothestations.Inthiscase,thetransceiveris

normallypartofthenetworkinterfacecard(NIC),whichisinstalledinsidethestation.

 collisionoccursinthethincoaxialcable.Thisimplementationismorecosteffectivethan

10Base5becausethincoaxialcableislessexpensivethanthickcoaxialandtheteeconnections

aremuchcheaperthantaps.

 Installationissimplerbecausethethincoaxialcableisveryflexible.However,thelengthof

eachsegmentcannotexceed185m(closeto200m)duetothehighlevelofattenuationinthin

coaxialcable.

10Base-T:Twisted-PairEthernet:

 Thethirdimplementationiscalled10Base-Tortwisted-pairEthernet.

 10Base-Tusesaphysicalstartopology.Thestationsareconnectedtoahubviatwopairsof

twistedcable.

 Notethattwopairsoftwistedcablecreatetwopaths(oneforsendingandoneforreceiving)

betweenthestationandthehub.Anycollisionherehappensinthehub.
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 Themaximumlengthofthetwistedcableas100m,tominimizetheeffectofattenuationin

thetwistedcable.

10Base-F:FiberEthernet

 Thereareseveraltypesofopticalfiber10-MbpsEthernet,themostcommoniscalled10Base-

F.

 10Base-Fusesastartopologytoconnectstationstoahub.

 Thestationsareconnectedtothehubusingtwofiber-opticcables.

Cabling:ThetypesofEthernetandtheirstandards.

Name Cable Max.segment Nodes Advantages

10Base5 Thickcoax 500m 100 Goodfor

backbones

10Base2 Thincoax 185m 30 cheapest

10Base-T Twistedpair 100m 1024 Easy

maintenance

10Base-F Fiberoptics 2000m 1024 Between

buildinggood
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Summary of Standard Ethernet implementations:

FASTETHERNET:

 FastEthernetwasdesignedtocompetewithLANprotocolssuchasFDDIorFiberChannel.

 ThegoalsofFastEthernetasfollows:

1.Upgradethedatarateto100Mbps.

2.MakeitcompatiblewithStandardEthernet.

3.Usesthesame48-bitaddress.

4.Usesthesameframeformat.

5.Usesthesameminimumandmaximumframelengths.

MACSublayer:

MACsublayerofthefastEthernetissameasthatofthetraditionalEthernet.

1. Accessmethod:TheAccessmethodalsoremainsthesameforthehalf-duplexapproach.Itis

sameasCSMA/CD.forfullduplexFastEthernet,thereisnoneedforCSMAlCD.But,the

CSMA/CDisusedforbackwardcompatibilitywithStandardEthernet.

2.FrameFormat:SameasthatoftraditionalEthernet.

3.Minimumandmaximumframelengths:SameasthatoftraditionalEthernet.

4.Addressing:SameasthatoftraditionalEthernet.

Autonegotiation:

AnewfeatureaddedtoFastEthernetiscalledautonegotiation.ItallowsaAutonegotiationallowstwo

devicestonegotiatethemodeordatarateofoperationbetweentwodevices.

Itwasdesignedparticularlyforthefollowingpurposes:

1. Toallowincompatibledevicestoconnecttooneanother

2.Toallowonedevicetohavemultiplecapabilities.

3.Toallowastationtocheckahub'scapabilities.
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PhysicalLayer

ThephysicallayerinFastEthernetismorecomplicatedthantheoneinStandardEthernet.

Topology

FastEthernetisdesignedtoconnecttwoormorestationstogether.Ifthereareonlytwostations,

theycanbeconnectedpoint-to-point.Threeormorestationsneedtobeconnectedinastartopology

withahuboraswitchatthecenter.

Implementation

FastEthernetimplementationatthephysicallayercanbecategorizedaseithertwo-wireorfour-

wire.Thetwo-wireimplementationcanbeeithercategory5UTP(100Base-TX)orfiber-opticcable

(100Base-FX).Thefour-wireimplementationisdesignedonlyforcategory3UTP(l00Base-T4).

Encoding

 Manchesterencodingneedsa200-Mbaudbandwidthforadatarateof100Mbps,which

makesitunsuitableforamediumsuchastwisted-paircable.

 TheFastEthernetdesignerstrytodiscoversomealternativeencoding/decodingscheme.

 Therefore,threedifferentencodingschemeswerechosen.
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100Base-TX:

 Itusestwopairsoftwisted-paircable(eithercategory5UTPorSTP).

 Forthisimplementation,theMLT-3(Multi-LevelTransmit)schemewasselectedsinceithas

goodbandwidthperformance.However,sinceMLT-3isnotaself-synchronouslinecoding

scheme,4B/5Bblockcodingisusedtoprovidebitsynchronizationbypreventingthe

occurrenceofalongsequenceof0sand1s.

 Thiscreatesadatarateof125Mbps,whichisfedintoMLT-3forencoding.

100Base-FX:

 Itusestwopairsoffiber-opticcables.Opticalfibercaneasilyhandlehighbandwidth

requirementsbyusingsimpleencodingschemes.

 Thedesignersof100Base-FXselectedtheNRZ-Iencodingschemeforthisimplementation.

 However,NRZ-Ihasabitsynchronizationproblemforlongsequencesof0s(or1s,basedon

theencoding).Toovercomethisproblem,thedesignersused4B/5Bblockencodingaswe

describedfor100Base-TX.

 Theblockencodingincreasesthebitratefrom100to125Mbps,whichcaneasilybehandled

byfiber-opticcable.

100Base-T4:

 TheimplementationusesfourpairsofUTPfortransmitting100Mbps.

 Encoding/decodingin100Base-T4ismorecomplicated.Asthisimplementationusescategory

3UTP,eachtwisted-paircannoteasilyhandlemorethan25Mbaud.

 Inthisdesign,onepairswitchesbetweensendingandreceiving.ThreepairsofUTPcategory

3,however,canhandleonly75Mbaud(25Mbaud)each.Weneedtouseanencodingscheme

thatconverts100Mbpstoa75Mbaudsignal.

 In8B/6T,eightdataelementsareencodedassixsignalelements.Thismeansthat100Mbps

usesonly(6/8)x100Mbps,or75Mbaud.
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IEEE802.11:

IEEEhasdefinedthespecificationsforawirelessLAN,calledIEEE802.11,whichcoversthephysical

anddatalinklayers.

Architecture

 Thestandarddefinestwokindsofservices:

Basicserviceset(BSS)

Extendedserviceset(ESS)
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BasicServiceSet:

 ThebuildingblockofawirelessLANinIEEE802.11isthebasicserviceset(BSS).TheBSS

containsseveralstations(STAs)andanoptionalcentralbasestation,knownastheaccesspoint

(AP).

 TheBSSwithoutanAPisastand-alonenetworkandcannotsenddatatootherBSSs.Itis

calledanadhocarchitecture,stationscanformanetworkwithouttheneedofanAP;they

canlocateoneanotherandagreetobepartofaBSS.

 ABSSwithanAPissometimesreferredtoasaninfrastructurenetwork.

ExtendedServiceSet

 Anextendedserviceset(ESS)ismadeupoftwoormoreBSSswithAPs.TheBSSsare

connectedthroughadistributionsystem,whichisusuallyawiredLAN.Thedistribution

systemconnectstheAPsintheBSSs.

 Theextendedservicesetusestwotypesofstations:mobileandstationary.The

mobilestationsarenormalstationsinsideaBSS.

ThestationarystationsareAPstationsthatarepartofawiredLAN.
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 WhenBSSsareconnected,thestationswithinreachofoneanothercancommunicatewithout

theuseofanAP.However,communicationbetweentwostationsintwodifferentBSSs

usuallyoccursviatwoAPs.

.

StationTypes(STA):

 Thiscomponentisusedtoconnecttothewirelessmedium.Stationcanbeanydevice,itcanbe

amobiledevice,aNetworkinterfacecardetc.Itprovidestheservicesofauthentication,

privacyanddeliveryofthedata.

AccessPoint(AP):

 ItprovidessameservicesasSTA.

 ThefunctionoftheAPistoprovideboththecommunicationtothewiredLANandthelocal

relayfunctionfortheBSS.

MACSublayer:

 IEEE802.11definestwoMACsublayers:

Distributedcoordinationfunction(DCF)Point

coordinationfunction(PCF).

TherelationshipbetweenthetwoMACsublayers,theLLCsublayer,andthephysicallayer.
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DistributedCoordinationFunction

Distributedcoordinationfunction(DCF)istheprotocoldefinedattheMACsublayerbyIEEE.

DCFusesCSMAICAastheaccessmethod.

WirelessLANscannotimplementCSMA/CDforthreereasons:

1. Forcollisiondetectionastationmustbeabletosenddataandreceivecollisionsignalsatthe

sametime.Thiscanmeancostlystationsandincreasedbandwidthrequirements.

2.Collisionmaynotbedetectedbecauseofthehiddenstationproblem.

3.Thedistancebetweenstationscanbegreat.Signalfadingcouldpreventastationatoneend

fromhearingacollisionattheotherend.

FrameExchangeTimeline:Thedataandcontrolframesexchangeintime.

1. Beforesendingaframe,thesourcestationsensesthemediumbycheckingtheenergylevelat

thecarrierfrequency.

a.Thechannelusesapersistencestrategywithback-offuntilthechannelisidle.
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b.Afterthestationisfoundtobeidle,thestationwaitsforaperiodoftimecalledthedistributed

interframespace(DIFS);thenthestationsendsacontrolframecalledtherequesttosend(RTS).

2.AfterreceivingtheRTSandwaitingaperiodoftimecalledtheshortinterframespace(SIFS),

thedestinationstationsendsacontrolframe,calledthecleartosend(CTS),tothesource

station.Thiscontrolframeindicatesthatthedestinationstationisreadytoreceivedata.

3.ThesourcestationsendsdataafterwaitinganamountoftimeequaltoSIFS.

4.Thedestinationstation,afterwaitinganamountoftimeequaltoSIFS,sendsan

acknowledgmenttoshowthattheframehasbeenreceived.Acknowledgmentisneededinthis

protocolbecausethestationdoesnothaveanymeanstocheckforthesuccessfularrivalofits

dataatthedestination.

NetworkAllocationVector:

 WhenastationsendsanRTSframe,itincludesthedurationoftimethatitneedstooccupy

thechannel.Thestationsthatareaffectedbythistransmissioncreateatimercalleda

networkallocationvector(NAV)thatshowshowmuchtimemustpassbeforethesestations

areallowedtocheckthechannelforidleness.

 EachtimeastationaccessesthesystemandsendsanRTSframe,otherstationsstarttheir

NAV.

ProcessFlowchart

 TheprocessflowchartforCSMAICAasusedinwirelessLANs
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CollisionDuringHandshaking

 TwoormorestationsmaytrytosendRTSframesatthesametime.Thesecontrolframesmay

collide.However,becausethereisnomechanismforcollisiondetection,thesenderassumes

therehasbeenacollisionifithasnotreceivedaCTSframefromthereceiver.Theback-off

strategyisemployed,andthesendertriesagain.

PointCoordinationFunction(PCF)

 Thepointcoordinationfunction(PCF)isanoptionalaccessmethodthatcanbeimplementedin

aninfrastructurenetwork.Itisimplementedfortimesensitivetransmission.

 PCFhasacentralized,contention-freepollingaccessmethod.TheAPperformspollingfor

stationsthatarecapableofbeingpolled.Thestationsarepolledoneafteranother,sending

anydatatheyhavetotheAP.

 TogiveprioritytoPCFoverDCF,anothersetofinterframespaceshasbeendefined:PIFS

andSIFS.TheSIFSisthesameasthatinDCF,butthePIFS(PCFIFS)isshorterthanthe

DIFS.Thismeansthatif,atthesametime,astationwantstouseonlyDCFandanAPwants

tousePCF,theAPhaspriority.
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 DuetothepriorityofPCFoverDCF,stationsthatonlyuseDCFmaynotgainaccesstothe

medium.Topreventthis,arepetitionintervalhasbeendesignedtocoverbothcontention-free

(PCF)andcontention-based(DCF)traffic.Therepetitioninterval,whichisrepeated

continuously,startswithaspecialcontrolframe,calledabeaconframe.Whenthestations

hearthebeaconframe,theystarttheirNAVforthedurationofthecontention-freeperiod

oftherepetitioninterval.Figure14.6showsanexampleofarepetitioninterval.

Fragmentation

 Thewirelessenvironmentisverynoisy;acorruptframehastoberetransmitted.Theprotocol,

therefore,recommendsfragmentation-thedivisionofalargeframeintosmallerones.Itis

moreefficienttoresendasmallframethanalargeone.

FrameFormat

TheMAClayerframeconsistsofninefields.
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 Framecontrolfield:TheFCfieldis2byteslonganddefinesthetypeofframeandsome

controlinformation.

 Duration:Inallframetypesexceptone,thisfielddefinesthedurationofthetransmission

thatisusedtosetthevalueofNAV.Inonecontrolframe,thisfielddefinestheIDofthe

frame.

 Addresses.Therearefouraddressfields,each6byteslong.Themeaningofeachaddress

fielddependsonthevalueoftheToDSandFromDSsubfields.

 Sequencecontrol.Thisfielddefinesthesequencenumberoftheframetobeusedinflow

control.

 Framebody.Thisfield,whichcanbebetween0and2312bytes,containsinformationbased

onthetypeandthesubtypedefinedintheFCfield.

 FCS.TheFCSfieldis4byteslongandcontainsaCRC-32errordetectionsequence.

FrameTypes

 AwirelessLANdefinedbyIEEE802.11hasthreecategoriesofframes:

Managementframes,controlframes,anddataframes.

ManagementFrames:Managementframesareusedfortheinitialcommunicationbetweenstationsand

accesspoints.

ControlFrames:Controlframesareusedforaccessingthechannelandacknowledgingframes.
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DataFrames:Dataframesareusedforcarryingdataandcontrolinformation.

AddressingMechanism:

 TheIEEE802.11addressingmechanismspecifiesfourcases,definedbythevalueofthetwo

flagsintheFCfield,ToDSandFromDS.Eachflagcanbeeither0orI,resultinginfour

differentsituations.

 Theinterpretationofthefouraddresses(addressItoaddress4)intheMACframedependson

thevalueoftheseflags,

Case1:00ToDS=0andFromDS=O.

Thismeansthattheframeisnotgoingtoadistributionsystem(ToDS=0)andisnotcomingfroma

distributionsystem(FromDS=0).TheframeisgoingfromonestationinaBSStoanotherwithout

passingthroughthedistributionsystem.TheACKframeshouldbesenttotheoriginalsender.

Case2:01ToDS=0andFromDS=1.

Thismeansthattheframeiscomingfromadistributionsystem(FromDS=1).Theframeiscoming

fromanAPandgoingtoastation.TheACKshouldbesenttotheAP.

Case3:10ToDS=1andFromDS=O.

Thismeansthattheframeisgoingtoadistributionsystem(ToDS=1).Theframeisgoingfroma

stationtoanAP.TheACKissenttotheoriginalstation.

Case4:11ToDS=1andFromDS=1.

TheframeisgoingfromoneAPtoanotherAPinawirelessdistributionsystem.Here,weneedfour

addressestodefinetheoriginalsender,thefinaldestination,andtwointermediateAPs.
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HiddenandExposedStationProblems

 HiddenStationProblem:StationBhasatransmissionrangeshownbytheleftoval;every

stationinthisrangecanhearanysignaltransmittedbystationB.StationChasa

transmissionrangeshownbytherightoval(sphereinspace);everystationlocatedinthis

rangecanhearanysignaltransmittedbyC.

 StationCisoutsidethetransmissionrangeofB;likewise,stationBisoutsidethe

transmissionrangeofC.StationA,however,isintheareacoveredbybothBandC;itcan

hearanysignaltransmittedbyBorC.
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 AssumethatstationBissendingdatatostationA.Inthemiddleofthistransmission,station

CalsohasdatatosendtostationA.However,stationCisoutofB'srangeandtransmissions

fromBcannotreachC.ThereforeCthinksthemediumisfree.

 StationCsendsitsdatatoA,whichresultsinacollisionatAbecausethisstationisreceiving

datafrombothBandC.Inthiscase,wesaythatstationsBandCarehiddenfromeachother

withrespecttoA.Hiddenstationscanreducethecapacityofthenetworkbecauseofthe

possibilityofcollision.

 Thesolutiontothehiddenstationproblemistheuseofthehandshakeframes(RTSandCTS).

theRTSmessagefromBreachesA,butnotC.However,becausebothBandCarewithinthe

rangeofA,theCTSmessage,whichcontainsthedurationofdatatransmissionfromBtoA

reachesC.StationCknowsthatsomehiddenstationisusingthechannelandrefrainsfrom

transmittinguntilthatdurationisover.

handshakeframes

ExposedStationProblem

 Inthisproblemastationrefrainsfromusingachannelwhenitis,infact,available.

 StationAistransmittingtostationB.

 StationChassomedatatosendtostationD,whichcanbesentwithoutinterferingwiththe

transmissionfromAtoB.However,stationCisexposedtotransmissionfromA;ithears

whatAissendingandthusrefrainsfromsending.Inotherwords,Cistooconservativeand

wastesthecapacityofthechannel.
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 ThehandshakingmessagesRTSandCTScannothelpinthiscase,despitewhatyoumight

think.StationCStationChearstheRTSfromA,butdoesnotheartheCTSfrom

B.StationC,afterhearingtheRTSfromA,canwaitforatimesothattheCTSfromB

reachesA;itthensendsanRTStoDtoshowthatitneedstocommunicatewithD.Both

stationsBandAmayhearthisRTS,butstationAisinthesendingstate,notthereceiving

state.StationB,however,respondswithaCTS.Theproblemishere.IfstationAhas

startedsendingitsdata,stationCcannotheartheCTSfromstationDbecauseofthecollision;

itcannotsenditsdatatoD.ItremainsexposeduntilAfinishessendingitsdata.
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