
I/OInterface(InterruptandDMAMode)

ThemethodthatisusedtotransferinformationbetweeninternalstorageandexternalI/Odevicesis

knownasI/Ointerface.TheCPUisinterfacedusingspecialcommunicationlinksbytheperipherals

connectedtoanycomputersystem.Thesecommunicationlinksareusedtoresolvethedifferences

betweenCPUandperipheral.ThereexistsspecialhardwarecomponentsbetweenCPUandperipherals

tosuperviseandsynchronizealltheinputandoutputtransfersthatarecalledinterfaceunits.

ModeofTransfer:

Thebinaryinformationthatisreceivedfromanexternaldeviceisusuallystoredinthememoryunit.The

informationthatistransferredfromtheCPUtotheexternaldeviceisoriginatedfromthememoryunit.

CPUmerelyprocessestheinformationbutthesourceandtargetisalwaysthememoryunit.Data

transferbetweenCPUandtheI/Odevicesmaybedoneindifferentmodes.

Datatransfertoandfromtheperipheralsmaybedoneinanyofthethreepossibleways

ProgrammedI/O.

Interrupt-initiatedI/O.

Directmemoryaccess(DMA).

Nowlet’sdiscusseachmodeonebyone.

ProgrammedI/O:ItisduetotheresultoftheI/Oinstructionsthatarewritteninthecomputerprogram.

Eachdataitemtransferisinitiatedbyaninstructionintheprogram.UsuallythetransferisfromaCPU

registerandmemory.InthiscaseitrequiresconstantmonitoringbytheCPUoftheperipheraldevices.

ExampleofProgrammedI/O:Inthiscase,theI/Odevicedoesnothavedirectaccesstothememoryunit.

AtransferfromI/OdevicetomemoryrequirestheexecutionofseveralinstructionsbytheCPU,

includinganinputinstructiontotransferthedatafromdevicetotheCPUandstoreinstructionto

transferthedatafromCPUtomemory.InprogrammedI/O,theCPUstaysintheprogramloopuntilthe

I/Ounitindicatesthatitisreadyfordatatransfer.Thisisatimeconsumingprocesssinceitneedlessly

keepstheCPUbusy.Thissituationcanbeavoidedbyusinganinterruptfacility.Thisisdiscussedbelow.

Interrupt-initiatedI/O:SinceintheabovecasewesawtheCPUiskeptbusyunnecessarily.Thissituation

canverywellbeavoidedbyusinganinterruptdrivenmethodfordatatransfer.Byusinginterruptfacility

andspecialcommandstoinformtheinterfacetoissueaninterruptrequestsignalwheneverdatais

availablefromanydevice.InthemeantimetheCPUcanproceedforanyotherprogramexecution.The

interfacemeanwhilekeepsmonitoringthedevice.Wheneveritisdeterminedthatthedeviceisready



fordatatransferitinitiatesaninterruptrequestsignaltothecomputer.Upondetectionofanexternal

interruptsignaltheCPUstopsmomentarilythetaskthatitwasalreadyperforming,branchestothe

serviceprogramtoprocesstheI/Otransfer,andthenreturntothetaskitwasoriginallyperforming.

Note:BoththemethodsprogrammedI/OandInterrupt-drivenI/Orequiretheactiveinterventionofthe

processortotransferdatabetweenmemoryandtheI/Omodule,andanydatatransfermusttransverse

apaththroughtheprocessor.ThusboththeseformsofI/Osufferfromtwoinherentdrawbacks.

TheI/Otransferrateislimitedbythespeedwithwhichtheprocessorcantestandservicea

device.

TheprocessoristiedupinmanaginganI/Otransfer;anumberofinstructionsmustbeexecuted

foreachI/Otransfer.

DirectMemoryAccess:Thedatatransferbetweenafaststoragemediasuchasmagneticdiskand

memoryunitislimitedbythespeedoftheCPU.Thuswecanallowtheperipheralsdirectly

communicatewitheachotherusingthememorybuses,removingtheinterventionoftheCPU.Thistype

ofdatatransfertechniqueisknownasDMAordirectmemoryaccess.DuringDMAtheCPUisidleandit

hasnocontroloverthememorybuses.TheDMAcontrollertakesoverthebusestomanagethetransfer

directlybetweentheI/Odevicesandthememoryunit

BusRequest:ItisusedbytheDMAcontrollertorequesttheCPUtorelinquishthecontrolofthebuses.

BusGrant:ItisactivatedbytheCPUtoInformtheexternalDMAcontrollerthatthebusesareinhigh

impedancestateandtherequestingDMAcantakecontrolofthebuses.OncetheDMAhastakenthe

controlofthebusesittransfersthedata.Thistransfercantakeplaceinmanyways.

TypesofDMAtransferusingDMAcontroller:

BurstTransfer:



DMAreturnsthebusaftercompletedatatransfer.Aregisterisusedasabytecount,

beingdecrementedforeachbytetransfer,anduponthebytecountreachingzero,theDMACwill

releasethebus.WhentheDMACoperatesinburstmode,theCPUishaltedforthedurationofthedata

transfer.

Stepsinvolvedare:

Busgrantrequesttime.

Transfertheentireblockofdataattransferrateofdevicebecausethedeviceisusuallyslowthanthe

speedatwhichthedatacanbetransferredtoCPU.

ReleasethecontrolofthebusbacktoCPU

So,totaltimetakentotransfertheNbytes

=Busgrantrequesttime+(N)*(memorytransferrate)+Busreleasecontroltime.

Where,

Xµsec=datatransfertimeorpreparationtime(words/block)

Yµsec=memorycycletimeorcycletimeortransfertime(words/block)

%CPUidle(Blocked)=(Y/X+Y)*100

%CPUBusy=(X/X+Y)*100

CyclicStealing:

AnalternativemethodinwhichDMAcontrollertransfersonewordatatimeafterwhichitmustreturn

thecontrolofthebusestotheCPU.TheCPUdelaysitsoperationonlyforonememorycycletoallowthe

directmemoryI/Otransferto“steal”onememorycycle.

StepsInvolvedare:Bufferthebyteintothebuffer

InformtheCPUthatthedevicehas1bytetotransfer(i.e.busgrantrequest)

Transferthebyte(atsystembusspeed)

ReleasethecontrolofthebusbacktoCPU.

Beforemovingontransfernextbyteofdata,deviceperformsstep1againsothatbusisn’ttiedupand



thetransferwon’tdependuponthetransferrateofdevice.

So,for1byteoftransferofdata,timetakenbyusingcyclestealingmode(T).

=timerequiredforbusgrant+1buscycletotransferdata+timerequiredtoreleasethebus,itwillbe

NxT

Incyclestealingmodewealwaysfollowpipeliningconceptthatwhenonebyteisgettingtransferred

thenDeviceisparallelpreparingthenextbyte.“ThefractionofCPUtimetothedatatransfertime”if

askedthencyclestealingmodeisused.

Where,

Xµsec=datatransfertimeorpreparationtime

(words/block)

Yµsec=memorycycletimeorcycletimeortransfer

time(words/block)

%CPUidle(Blocked)=(Y/X)*100

%CPUbusy=(X/Y)*100

Interleavedmode:Inthistechnique,theDMAcontrollertakesoverthesystembuswhenthe

microprocessorisnotusingit.Analternatehalfcyclei.e.halfcycleDMA+halfcycleprocessor.


