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Abstract

Thisreportdescribegshemodelingstylefor estimatiorof communicationn bussesn Trans-
action Level Models. We presentthe geneal structure of our functionalbus model,followed
by a survey of the mostimportantfeatuespresentin currentbus protocols.\We next showhow
the three basic component®f a transaction: arbitration, syndronization,and data transfer
phasesre modeledandestimatedandhowour tool estimateshetiming for eat oneof them.
Our experimentalresultsshowthat a mp3decoderplatform estimationcan be improvedif the
communicatiorestimationtool is usedalongsidethe computatiorestimation.
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1 Intr oduction

This technicalreportpresentshe bus modelingstyle usedfor the EmbeddedsystemsEEnvironment
(ESE)for communicatiorestimationfor Transactior_evel Models(TLM). TLMs in SystemChas
emegedasa new paradigmfor systemmodeling,dueto therise of compleity, sizeandhetero-
geneityof currentembeddedystems.

Sincethe level of abstractiorhasrisenabove RTL, simulationspeedshave decreasedbut at
the expenseof decreasingts accurag. For maximumaccurayg, Bus FunctionalModelsare com-
monly used,but its detailedsignalinformationmay not be neededat the TransactiorLevel andits
simulationspeedmaybetoo slow.

Communicatiorbehaior is commonlyunpredictabledueto the dynamicbus requestof the
processesunning inside Processingzlements. Other factorsalso increasethis unpredictability
suchasbus contention preemptionby othermasterssplit transactiondy slow slaves,andsoon.
All thesereasonsnake the simulation-basedpproacHor estimationinevitable.

In orderto have anestimatiorwhich runsrapidly andproducesaccurateestimationanoptimal
bus modelshouldbe de ned. Startingfrom the UniversalBus Channel[1] usedin our TLM, we
proposea modelingstyleto accuratelyproduceiming informationdependingn achosermprotocol,
suchasARM's AdvancedHigh Performancdus,IBM' s On-ChipPeripheraBusor ary otherbus
protocol.

Relatedwork Estimationof communicatiorin Embedde®ystemdasbeentackledwith several
differentapproachesin [10] the authorsstatically calculatethe maximumlengthof time it takes
for a giventransactiorto take place. This approactsuffers the dravbackthat they only consider
thetiming afterbusarbitrationhasbeendone,andif a systemhasfew bussesandseveral Process-
ing Elementsrunning a communication-intese task (as multimediaapplications),the estimated
communicationtime would not be accurateenoughto bevaluablefor the systemarchitect.



In [7], communicatiorestimationis madeconsideringarbitrationtime, but memorytracedata
mustbeobtainedrst, througheitherinstructionsetsimulatorsor hardwaredesignianguagesimula-
tors. Afterwards tracedrivensimulationis performedwith acandidateeommunicatiorarchitecture.

Otherapproachesre basedon libraries, suchas[2], in which a selectionor communication
protocolsis made. Theselibrariesmustbe constructedeforehando thatthe simulationcantake
place.

Finally, [11] calculategiming delaysusingtheworst-casexecutiontime for thewhole system.
This may prove usefulfor makingdecisionsbhasedon worst-casescenariosand obviously do not
contributeto do designexplorationandachiese the optimalcase.

Ourapproactdoesnot suffer from thesedravbacks sinceno separatsimulationis neededand
arbitrationandotherbus-relatedactivities aretakeninto accountwhile quickly producingaccurate
communicatiorinformation.We do needhowever, to constructa busdelaydatabaséeforehand.

Ourcommunicatiorestimationdoesdependn the estimationdonein the computatiorcompo-
nents,sincethe bus congestiorat ary giventime depend®on the assumptiorthat someprocesses
have nished computatiorandenteredn acommunicatiorphase We will notdiscussestimatiorat
thecomputatiorievel in thisreport.

This reportwill describein Section2 the TransactiorLevel Modelsof our bus. In Section3
we will describehow we modelour TLM busin orderto simulatethe mostcommonbus protocol
features.Finally, Section4 presentExperimentaResultsand Section5 presentghe Conclusions
andfuturework.

2 Transaction Level Modeling Style

Ourmodelabstractshesystembusasa singleunit of communicationlt providesthebasiccommu-
nicationservicesof synchronizationarbitrationanddatatransferthatare partof a transaction At

thetransactiorevel, we aredo not distinguishbetweerdifferentbus protocols.Thebusis modeled
asasc channe) implementingasc.interfacewhich provides5 publicbuscommunicatiorfunctions:

1. Send/Rector synchronizedcommunicatiorbetweer? differentprocesses.
2. Read/Writeor processeaccessingnexternalmemory

3. MemoryAcceskr exposingmemoryspaceo thebus.

Therearealso2 privatefunctions,usedby the abore functions:

1. ArbiterRequest/ArbiterRelea$er mutualexclusion.

2. Syntronizefor synchronizatiorof processes.

In the presenmodel,UBCscanonly be connectedo Processindelementsandtransducers.



P1 (initiator) P2 (resetter)

Data
transfer

Figurel: Flag-basedynchronizatiorbetweernprocesses

2.1 Synchronization

Synchronizatioris requiredfor two processe exchangedatareliably. A sendeprocessnustwait
until therecever processs ready andvice versa.A SynchronizatiorTablein the UBC keepsthe
ags andevents(indexed by processds) thatareusedby a procesgo notify its transactiorpartner
procesdhatit is ready Synchronizatiorbetweenwo processetakesplaceby oneprocesssetting
the ag andthe otherprocesscheckingandresettingthe ag. Oncethe ag hasbeenreset,the
transactingorocesseare saidto be synchronized.We will referto the processsettingthe ag as
theinitiator andthe procesgesettingthe ag asresetter Theinitiator andresettemprocessefor a
given transactiorare determinecht compiletime. In Figure/l , assumeP1is the initiator process
andP2astheresetteprocessHence P1setsthe synchronizationag. If P2is readybeforeP1,it
mustkeepreadingthe ag until P1setsit. P1noti es this eventwhenit setsthe synchronization
ag. OnceP2readsthe ag asset,it recognizeghatP1lis readyandresetgshe ag.

2.1.1 Implementation

TheUBC modelwill have one ag andonesc eventfor eachpair of communicatingprocessesThe
synchronizatiorby the two processesising Send/Recvunctionsis achiezed by both calling the
Syntronizefunction,which doesoneof two things,dependingf the calling processs theinitiator
or theresetter(seeListing/1).

2.2 Arbitration

After synchronizationthe resettemprocesswill attemptto resere the busfor datatransfer Thisis
necessargincethe busis a sharedresourceand multiple transactionsattemptedat the sametime
mustbe orderedsequentially The resettemprocesswill requestanarbitrationto the bus, andif the
UBC modelis exclusive for functionalveri cation, the arbiteris modeledasa mutex (whichis a



Listing 1: Synchorizeunction

1 [unsigned int Synchronize (unsigned int MylD, unsigned int PartnerlD
2 unsigned int  MyModg {

3 if  (MyMode==UBC_INITIATOR && MylD==P_ID_Tx2

4 && PartnerlD ==P_ID _Intra ) {

5 sync_Tx2_Intra =1,

6 ev_sync_Tx2_Intra . notify ();

7 return  UBC_INITIATOR;

8 }

9 if (MyModee=UBC_RESETTERR& PartnerID ==P_ID_Tx2
10 && MyID==P_ID_Intra ) {

11 while ('sync_Tx2_Intra I= 1)

12 wait (ev_sync_Tx2_Intra );

13 }

14 sync_Tx2_Intra  =0;

15 return  UBC_RESETTER

16 }

17

scmute in SystemC An arbitrationrequestcorrespondso a mutex lock operationandoncethe
transactions completethe processwill releasehearbitrationwith a mutex unlockoperation.
2.3 Addressingand data transfer
In orderto do addressing@nddatatransfer the UBC useshefollowing variablesandevents:

1. VariableBusAddessthatstoresthe startingaddres®f the active transaction;

2. EventAddrSethatis noti ed whenTxAddessis set(it is implementedasa sc even);

3. VariableDataPtrthatkeepsthe pointerto thetransactediata;

4. VariableDataSizehatkeepsthesizein bytesof thetransactediata,;

5. VariableRdWrthatidenti es if atransactions reador write (for Read/Writefunctions).

For synchronized@ommunicationtheresetteiprocessetsBusAddessto theappropriateraluefrom
the bus addresdable. This is doneby checkingthe procesdDs and assigningthe corresponding
busaddresgseelisting/2).

For memorytransactionsthe readeror write processsetsBusAddess Thisis followed by the
noti cation of eventAddrSethatwakesup the otherprocesor memorycontrollerthatis snooping
the addressbus (seeListing[3). In caseof memorytransactionthe memorycontrollerreadsthe
addresBusAddessto checkif theaddresgalls in its rangeandcomputeghe offset. If it is aread



Listing 2: BusAddressing

1 [if (MyProclD ==P_ID_Intra && SendProcID ==P_ID_Tx2)
2 BusAddress =ADDR_DH_Tx2_lIntra ;
3 |else if (MyProclD ==P_ID_Trans && SendProclD ==P_ID_Tx2)
4 BusAddress =ADDR_DH_Tx2_Trans;
Listing 3: Waiting for BusAddress
1 |if (MyProcID ==P_ID_Tx2 && SendProcIlD ==P_ID_Intra ){
2 while (BusAddress != ADDR_DH_Intra_Tx2 ){
3 wait (AddrSet );
4 }
51}

it setsDataPtr to the right addressn the local memoryaccordingto computedoffset, andif it's a
write, it will proceedwith thememorycopy (seeListing4).

3 Estimation of Communication

3.1 Typesof Communication

We canclassifycommunicatiormmongcomponentinto two types:implicit andexplicit communi-
cation.We will addresdothcommunicatiortypes,but mainly the explicit one.

Explicit communication We call explicit all the communicatiorthat is producedby the user

de ned communicatiorchannelssuchasthe applicationreadingdatafrom a memoryor sending
datato atransducerThis kind of communicatiorcanbe directly controlledby the user(datasize,
sequencdrequeng) in his/herapplicationcode.

Implicit communication Consistsof the embeddegrocessoffetchinginstructionfrom the in-

structionmemory(whenthereis a InstructionCachemiss) and of readingand writting program
datato the datamemory The usercanonly indirectly controlthis trafc by changeson the plat-

form: changingthe sizesof theinstructionanddatacachespr connectinghe instructionbus port
of theprocessoto a separatéus.

3.2 Timing Analysis

Estimationcanbe de ned asthe calculatedapproximatiorof a resultwhich is usableevenif input
datamay be incompleteor uncertain.To do estimation therearebasicallytwo approachesstatic



Listing 4: Memory Controller

1 [void MemoryAccess (unsigned int MEM_LOW

2 unsigned int  MEM_HIGHunsigned char *local_mem )

3 while (1) { // memory is always servicing

4 while  (BusAddress < MEM_LOW]| BusAddress > MEM_HIGH {

5 wait (AddrSet ); /I every time some address is set

6 }

7 if (RdWr == UBC_READ { /I 1 am addressed for read operation

8 DataPtr = local_mem + (BusAddress - MEM_LOW // base + offset
9 wait (SETUP_DELAY SC_NS; // only for simulation

10 wait (HOLD_DELA¥1, SC_NS; // only for simulation

11 }

12 else if (RdWr == UBC_WRITK /I 1| am addressed for write operation
13 memcpy (local_mem + (BusAddress - MEM_LO)V DataPtr , DataSize );
14 wait (HOLD_DELA¥1, SC_NS; // only for simulation

15 }

16 Y /I elihw (1)

17 |} /[ end of MemoryAccess method

anddynamicanalyseg3].

Static Timing Analysis(STA) Thismethodcomputesheexpectediming withoutrequiringsim-
ulation. This analysismay useabstracimodelsto take into accountall possiblebehaiors thatmay
ariseover time. The obvious advantageis speed:not having to run a lengtty simulationspeeds
up the designprocesshut the disadwantageandchalleggeis to develop a goodabstractiorfunction,
sincethe modelmustbe soundno matterwhatinputsor whaternvironmentthemodelis run. Dueto
the compleity of anembeddedystemdoinga STA ontheentiremodelis notfeasible.

Dynamic Timing Analysis (DTA) Operatesdy executinga programand observingthe execu-
tions. Testingandpro ling arestandarddynamicanalyses.The adwantageis thatit canbe very
precise shaving the actualexecutiontime. The disadwantageis thatits resultsmay not generalize
to future executions.Thereis no guarante¢hatthe testsuiteover which themodelwasrunis char
acteristicof all possibleprogramexecutions.Therefore the challengds choosinga representatie
setof testcasesln our caseembeddedystemsy de nition is asystentailoredto aspeci ¢ setof
inputsanda speci c setof applications.This ease®n thedisadwantage®f usingDTA.

3.3 Timing annotation and estimation

In orderto have timing informationin our model, we needto addit to the codeexplicitly. This
is known as Timing Annotation Formally, timing annotationupdatesa codewith additionalin-
formationregardingtime. Meanwhile,back-annotatiompdatesa moreabstracdesign(high level



descriptionswith informationfrom later designstageqlow level descriptions}o correctfor inac-
curacies.

Annotationis doneto the codesothatwhenthe modelruns,theaddednformationwill produce
the correctdelayfor a speci ed portion of the code. This calculationof the delaycanbe donein
two ways: on-lineandoff-line.

Off-line delayestimation : thedelayis precalculatedin our case generatiorphasefrom values
in thedatabaseThe codewould look lik e this: wait (20 ns) .

On-line delay estimation : the delayis calculatedusing simulationvariablesat runtime and
generatedalues.Thegeneratedaluescancomefrom thedatabasandthesimulationvariablescan
bepacletsize,for instance Theresultingcodecanbe somethindik e this: wait ( datasize *10 ns) .

3.4 BusFeatures

The model describedin the previous sectionachieres completefunctionality, and the next step
would beto usethis bus modelandaddaccuratdiming informationto re ect a buswith aspecic
protocol.Busprotocolsdiffer in mary differentfeatures For simplicity, we have groupedheminto
four areas:

1. Physicalproperties
2. Arbitration

3. Control

4. Datatransfer

As a referencewe presentin the appendixa comparisonof several bus protocols,with the
featuresoutlinedbelow.

3.4.1 Physical properties

Thephysicalpropertieghatcharacterize busincludeAddresssizeandBuswidth. Anotherfeature
is the maximumnumberof Master PEsthatit allows. In someprotocolslike OPB[6], it is deter
minedby theimplementationgitherlimited by the maximumcapacitancef thebus(12C[9]) or by
whatthe power supportd 8], while in otherssuchasAMB A[4] the maximumnumberis x ed.



3.4.2 Arbitration

Arbitration is neededvhenoneor more mastersequestcontrol of the bus. Eachmastemeedso
wait for the arbiterto grantcontrol beforeproceedingsinceonly onemastercanbe on the bus at
ary time. After certainnumberof cycles,the arbitergrantsthe bus to a chosenmaster(depends
on the arbitrationpolicy) by assertinga control signal. Oncethe selectedmasterdetectsthis, it
acknavledgesby assertinga bus control signaland proceeddo take control of the bus. Common
busarbitrationpoliciesusedin bussesare:

1. Fixedpriority
2. Dynamicpriority

3. First-come- rst-sered
4. RoundRobin
5

. LeastRecentlyused

BusParking Thisfeatureis alsocalledDefaultmaster In this casethebusis grantedoy default
to onemaster In caseno othermasterequestshebus,thebuswill remainin controlof this default
one. This featureis usefulfor masterswvhich continuouslyrequesthe bus, sincethey save cycles
by not having to signalthe arbiterconstantly

Arbitration pipelining Thearbitrationoccursbeforethe masterstartsits control phasesinceno

mastelis awareof who controlsthe busuntil the arbiterassertshe correspondindines. Arbitration

pipeliningcanoccurby startingthearbitrationprocessefore thelastcycle of thecurrentdatatrans-
fer. Thatway, the next mastercanasserits controllinesandtake ownershipof thebusimmediately
afterthe previousmaster nishes its datatransfer

3.4.3 Control

Oncethe masterPE hasthe ownershipof the bus, several eventsmay occurbeforeor during the
datatransferphase:

Timeout If the slave doesnot answerthe requestbf the master aftera speci ¢ amountof time,
themastemwill doatimeout releasghebusandabortthetransaction.

Wait Theslave mightneedsomeadditionalcyclesin orderto bereadywhenthe Masteraddresses
it, soit may signalit to wait for a determinedamountof time. In the caseof a Wait signal, the
Masterwill disablethetimeoutcounterin responsdut will keepownershipof thebusuntil thedata
transferis done.



Retry In casethe slave is not readyfor the datatransfer it may issuea Retry signalwhich will
askthe masterto give up the control of the bus andre-askfor it aftera certainnumberof cycles.
The datatransferwith the slave will resuméan anindeterminechumberof cycles,sincethe master
mustrequesiarbitrationto take ownershipof the bus, andthis mayvary, dependingon the number
of mastersalsorequestinghebus.

Split  Similarto lastcase the slave may be busy at the time the masteris requestingcommunica-
tion. The slave canalsoissuea Split signal,which will askthe arbiterto re-take the ownershipof

thebusfrom the masterandignoreits subsequemntequestantil further noticefrom the slave. This

allows othermastergo take the bus and continuetheir transactionswhile the slave concludests

currenttask. Onceit has nished it, the slave will signalthe arbiterto re-allov requestdrom the

original master After that,normaltransactiongancontinue.

Preemption In thecasewherethearbitrationpolicy is basedon priority, amastemakingatrans-
actioncanbepreemptedby a higherpriority master Oncethis mastetasconcludedts transaction,
controlof the busis returnedto the preemptednaster In someprotocols,a mastethascontrolof a

bussignalwhich canallow or disallov preemptiorby anothePE.

3.4.4 Data Transfer

Typically, datatransferphasesncludeanaddresphasewherethe mastercontrolstheaddresdines
of the bus, followed by a dataphasewherethe slave eitherreadsfrom or writesto thebus. This is
repeatedor eachindividual addresshe mastemwishesto access.

Therearetwo featureghatoptimizethe datatransferspeed:

Burst modeand Pipelining If thedatatransferinvolvesmorethanoneaddressindtheaddresses
are sequential the burst modewill allow the datareadsor writes to happenin every cycle, by
pipeliningthetransferspverlappingthe controlor addresphasewith the dataphase.

3.5 BusModeling

Themostof the featuresdescribedn the previous sectioncanbe easilyaddedto our model,while
otherscannot. The featuresthat were addedare arbitration, datatransfer Thesewill add more
timing informationaboutwhich mastelis transferingdataat any giventime, andhow muchtime it
tookto transferthatdata.

Controlfeaturegake chagemainly for errorconditionson eitherthe slave (needsmoretime or
takestoo long) or a higherpriority masterpreemptinga low priority one. Theseerror conditions
simulatein alower abstractiorievel, hencewe will notsimulatethemwith our model.



3.5.1 Busdelaydatabase

Our estimatiorsetupconsistf dynamictiming analysigsimulationbased)with onlineandof ine
delay computation. We needa delay databasdecausehe delayfor a single-word transactionis
affectedby thefollowing factors:

1. Typeof memory(SRAM, DRAM)
2. Locationof memory(internal,external)
3. Typeof memoryoperation(read,write)

Our overall setupfor timed TLMs is shavn in Figure2. As seenin this gure, our TLM
Generatousesbhus propertiesvaluesfrom a busdatabasén orderto computethe delays.

—_— ESE 4——{ - J Platform |
Frontend
|

Application l

System

|

TLM Generator
Bus delay TLM Estimator

.Data heets

database

~08 0000 oF

SretsisieisS

B - s 0 8

Sreisisieit

Biatsisi=it .

58 58 55 58 Timed

Bus SystemC TLM

characterization

Figure2: Busdelaydatabassetup

This databaseonsistof two parts:

1. Bus properties For eachavailable protocol, all implementablefeaturesare listed, includ-
ing bus physical propertiegbus datawidth, addresspace) arbitrationoptions,datatransfer
options.Thesefeaturesareobtainedrom the datasheets.
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2. Bus delay values This part of the databasdists delay valuesin multiple testsetups. The
setupdifferin: busprotocol,memorywritten or read,typeof memoryaccessedindlocation
of memory(local or external). All setupsfollowed theseconditions: read/writeone single
wordto amemory with noinstructiontraf c onthebusandonly onemasterconnectedo the
bus. The goalwasto recordthe absolutedelayfor a transactionwithout the interferenceof
instructionor programdatafetchesandarbitrationdelays.Thesewo effectswill bediscussed
below.

3.5.2 Transactiondelay modeling

Our aim is to obtainan accurateransactiondelayfor ary communicatiorbetweenwo processes
or betweera processanda memory Eachindividual transactioris composef 3 parts:

1. Arbitrationdelay:tarp
2. Synchronizatiorelay:tsync
3. Datatransferdelay:tg;

Thetotal transactiordelayis:

Ttotal = tarb + tsynct tat (1)

Although we can modelthe threecomponent®f the transactionwe cannotestimatearbitra-
tion and synchronizationwe canonly measurdt during simulation. In the datatransferphase,
estimationcanbe donedependingon the busfeaturegpresent.

Thereare somedelay componentsn arbitrationand synchronizatiorwhich we canestimate,
suchastimeto set/resea ag, or to raisethesignalgrantingthe ownershipof thebus. Thesedelays
will be producedfrom the databaseof ine, during the generatiorphase. The actualtime of the
synchronizatioror arbitrationphasewill be measurediuring simulation. The datatransferphases
delayestimationwill becalculatednline.

3.5.3 Arbitration modeling

Ourmodelsupportghefollowing featuresBusparking,arbitrationpipeliningandthesearbitration
policies: RoundRobin (RR), Priority and First-Come-First-Sered (FCFS).As a reminder our
functionalbus modeluseda mutualexclusion(sc. mute) policy.

Implementation Therearetwo waysof implementinganarbiter eitherby usinga separatenod-
ule or threadto exclusively arbitrateeachbus, or useeachprocesgequestinghe busto do its part
of thearbitrationtask.We chosethelatterto improve simulationspeed.

11



Listing 5: Arbiter Requestelay

void ArbiterRequest (unsigned int ProclD ) {
if (!( bus_parking && parked_pe . contain (ProclD )){
wait (ARB_REQ _DELAY_ORBC_NS;
}
arb_lock (ProcID );
return

~NOoO b WNBE

}

When a masterasksfor control of the bus, a call to ArbiterRequests made,andthe time it
takesto dothearbitrationis loggedat once,unlessthe bus parking featureis active (seeListing 5).
Beforethe delayis takeninto accounttwo thingsmustbe checled: rst if the bus parkingfeature
is activatedandsecondf theprocessaskingfor thebusresidesn the PEin whichthebusis parked
(line 2). Thearbiterrequesdelay(line 3) is obtainedrom the databasentry correspondingo that
busprotocol.

Arbitration policies Theimplementatiorfor eachpolicy differs but they follow a common
procedure:the procesdists itself into a queue,andwaits for its signalto proceed. The process
checksfor the top processin the queueto be its procesdD, if different, will wait until this top
processchangesyia an event noti cation. The selectionwhich is the next processo run is the
actualarbitrationpolicy: asimplequeuefor FCFS,a priority queueor by takingturnsin aRR.

The stepsfor eachpolicy areshavnin gures(3,/4 and5.

Push into the back Pop top
of the queue of the queue

Process is in the . ueue i
Wait for event .Q Notify eyent of

top of the queue? is empty top proc in queue
a
Y
y

Proceed Proceed
Arbitration Request Arbitration Release

Figure3: FCFSArbitration
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Push into
priority queue

Notify process
Wait for pid.event in the top
of the priority queue

top of priority
queue == pid?

Pop top
of queue

Arbitration Request Arbitration Release

Figure4: FixedPriority Arbitration

Theimplementatiorof the stepsis shavn in Listing|6.

In the code,the procesdists itself into the queuein lines 4, 10 and 19, and checksif it can
continueatonce(lines5, 11and21). If not, it will wait for the correspondingventbeforeit starts
its transactior{lines6, 12 and22).

Oncethe processhas nished its transactiona call to ArbiterReleasés made,which will call
arb_unlod (seelListing|7).

Theproceswill removeitself from thequeuef it hasnotdoneso(line 4) andnotify theremaining
processef the queue(lines 6, 10 and29). Thatway, thereis no needfor an arbiterthreadto be
presentsincethe processearemanaginghe queuesanddoingthenoti cation themseles.

3.5.4 Datatransfer modeling

For the explicit communicationcase,for eachtransactionthe modelhasthe size information of

the datato be written or read. Basedon the burst or pipelining featurespresentandfetchingthe

appropiatelatafrom thebusdelaydatabaseheoveralltiming of thetransactiorcanbedetermined.
We startby de ning thesevalues:

1. Totaldatatransfertimein cycles: Tg;
2. Sizeof thetransactiorin bytes:S

3. Buswidth of thebusin bits: Byigth

13
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Waiting processes++
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Waiting processes==17
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Waiting processes--
Running proccesses=false

Waiting processes?

Increment current
process pointer until
a process in the round
robin array can run
Notify pid.event
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Proceed

Arbitration Release

Figure5: RoundRobinArbitration
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Listing 6: Arbitration policiesimplementation

1 [void arb_lock (unsigned int ProclD ){

2 if (arb_policy ==1)

3 /I FCFS

4 queue . push_back ( ProcID );

5 if (queue. front ()!l= ProcID ){

6 wait ( procev [ ProclD 1]);

7 }

8 }elseif (arb_policy ==2){

9 /I Priority

10 prio_queue . push ( priorities [ ProcID 1J);
11 if (running ==true || prio_queue .top (). getid ()!= ProcID ){
12 wait ( procev [ ProclD 1]);

13 }

14 running =true ;

15 prio_queue . pop();

16 }elseif (arb_policy ==3)

17 /I RoundRobin

18 waiting  ++;

19 rr [ ProcID ]=true ;

20 if (! running &&waiting ==1) current =ProcID ;
21 if (current !=ProcID ){

22 wait ( procev [ ProclD 1]);

23 }

24 running =true ;

25 }

26 |}

4. Control/Addresphasdengthin cycles: CA
5. Bustransactiordelayin cycles: Dpys

The datatransfersize changesdependingon the transaction(on-line estimation),while the
bus width andthe control/addresphaselength are valuesthat are taken from the bus protocol's
datasheetThe delayvalueis fetchedfrom the databas&uring generatiorphaseandinsertedasa
constant.

In caseof a normaltransactionthetotal time would be:

S8

Tqe = CA S+d eD 2
dt B S Dbus (2)
If the bussupportsdurstmode,thetime would be:

idth
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Listing 7: Arbitration Release

1 |[void arb_unlock (unsigned int ProclD ){
2 if (arb_policy ==1)

3 /I FCFS

4 queue . pop_front ();

5 if  (queue. size ()!=0)

6 procev [ queue. front ()]. notify ();
7 }elseif (arb_policy ==2){

8 /I Priority

9 running =false ;

10 procev [ prio_queue .top (). getid ()]. notify ();
11 }elseif (arb_policy ==3){

12 /I RoundRobin

13 waiting -

14 running =false ;

15 /I increment  current  until someone can run
16 if (waiting !=0){

17 current ++;

18 if (current >=MAX_PB

19 current =0;

20 int  next =255;

21 for (inti =0; i <MAX_Pi ++){

22 if (rr[i]==true && i<next && i >current -1)
23 next =i ;

24 }

25 current =next ;

26 if (current ==255)

27 current =0;

28 }

29 procev [ current ]. notify ();

30 }

31 |}

In both casesgequations2 and 3 usethe ceiling function becausalependingon the width of
the bus, several bytesare written or read simultaneouslybut even if the numberof bytesto be
transferreds lessthanthetotal capacityof the bus,onecycle would be needed.

Implementation Theimplementatiorof the timed bus functionsinvolve the additionof the wait
statementsyith the calculateddelayfor thetransaction.Therestof thefunctionremainsthe same
asthefunctionalmodel.

Equations2 and3 areimplementedasthe wait statementén lines 13 and 11 of Listing 8, respec-
tively. Theread,sendandreceve functionsareimplementedn a similarway.
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Listing 8: Write fuction

1 [void write (unsigned int MyProclD, unsigned int addr,
2 void * data_ptr , unsigned int size ){

3 ArbiterRequest  ( MyProcID );

4 wait (CA SC_NS;

5 DataPtr = data_ptr ; // setting the UBC data pointer

6 DataSize = size ; // setting the size

7 RdWr = UBC_WRITE // this is a write

8 BusAddress = addr; // addressing

9 AddrSet . notify (); // notification that data on the bus is valid
10 if  (burst ){

11 wait (ceil (( size *8)/ BUS_WIDTHr DELAY, SC_NS;

12 }else {

13 wait ( CA'size +ceil (( size *8)/ BUS_WIDThH* DELAY, SC_NS;
14 }

15 BusAddress = ADDR_NONE

16 ArbiterRelease ( MyProcID );

17 return ;

18 |}

3.5.5 Instruction and Program Data communication

Previously, we shaved how we can modelexplicit communicatioron the bus. Neverthelessfor
implicit communication the caseis more complicatedif the instructionand datamemoriesare
indeedconnectedo the samebusasthe processos databusport.

Instructionanddatafetchesoccurduringthe programexecutionandduring regularexplicit bus
communicationsFroma bus' point of view, the bus modelhasno way of determiningthe pattern
of this instruction/datao w, sinceit actsasa slave for the processar The only way to modelthis
communicationris from the processoside. Our timed TLM generatof5] estimatesot only the
probabledelayfor computationput alsohasa cachemodelthatdictatesvhenthereis acachemiss.
It is onthiscachemissthatanew cachdine (in theinstructioncacheor datacachemustbeobtained
by usingthebus.

implementation We will groupall implicit communicatiordelaytimes,andaddthemto the next
explicit transactioron thatbus. Eachtime thecachemodeldecidego have acachdine fetch, it will

updateadelaycounter At the next explicit transactiongduringthedatatransferphasethe UBC will

“spend”this extra delaybeforeexecutingits regularwait delay This approactobviously sacri ces
accurag for speedsincewe would not be producingthe expectedarbitrationdelayson the other
lower priority processorsvhile the cacheline is beingfetched.Thearbitrationeffectsarearyways
only visible andproduceanaccurateesultif the computatiorestimationis accuratesoin orderfor
theentiremodelto have high accurag, we rely onthe computatiorestimationengineentirely. Two
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Tablel: DataCommunicatiormeasurements a JPEGencodeiTLM

Datatrafc FPGAboard | TLM estimation| % Error
(cycles) (cycles)
jpeg to dct 171275 172980 1.00
dctto quantize 160242 156800 2.15
quantizeto zigzag 321213 304640 5.16
zigzagto huffencode 324130 304640 6.01

aspectanustbe considered:computationestimationaccurag and cachemodelaccurag. These
modelswill notbediscussedh thisreport.

4 Experimental Results

To testour bus model,we chosea JPEGencoderapplication,and mappedt into a platform con-

sistingof 5 PEs,1 bus and 1 transducer The platformis shavn in Figurel6. All instructionand
datamemoryof eachPE is locatedin local bussesandonly explicit inter-PE communicationis

happeningon the sharedbus. We usedour TLM generatof12] to createa timed modelandmea-
suredthe explicit communicatiordelaysbetweerall PEs.To seetheaccurayg of theseestimations,
we synthesizedhe platformto a Xilinx Virtex4 FPGAanddid the samemeasurementsetweents

MicroBlazeprocessorsTheresultsareshovn in Table4. We canseethatthe errorin the estima-
tion is lessthan6% andin the bestcase of 1% (betweerthe rst andthe secondPE).A graphical
representatioof theresultsis shavn in Figure7.
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Figure7. CommunicatiordelaybetweerPEs

5 Conclusions

In this report,we presentedhe structureof the UniversalBus Channeimodelandits internalfunc-
tions. Also, we reviewed the mostimportantfeatureghat differentiatedifferentbus protocolsand
selectedasubseto beimplementednto our UBC modelin orderto getaccuratdiming information
thatwould represenanavailableprotocol.

The featureghatwereincorporatednto our timed UBC modelwere: physical propertiessuch
as bus width and maximumnumberof masters arbitrationfeaturessuch as different arbitration
policies,busparkingandarbitrationpipelining,and nally datatransferfeaturessuchaspipelining
andburstmodedatatransfers Thesdeaturesalongwith actualdatatransferdelaysin eachprotocol,
are storedin a bus model databasewhich is accessedluring the TLM generationphase. This
informationis usedfor the on-line estimationof the datatransferdelay

Our timing informationis composedf the measuremendf our arbitrationmodel, synchro-
nization functionsand the estimationof the datatransferphase. Assumingthat our systemhas
an accuratecomputationestimation,the performanceour Transaction_evel Model canbe easily
measure@ndtakeninto accounfor designpurposes.

Runningour communicationestimationtool in a jpeg encodermplatform, we saw that the es-
timateddatatransfertime is within 94% of the FPGA boardmeasurementThis re ects a good
estimationaccurag for our tool.
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Table2: ProtocolsComparisorchart

AMBA- AMBA-
Feature OoPB AHB APB CAN 12C PCI
. Fixed, dy- P.rlorlty, .
Arbitration namic. RR Dependson | No masters,| Fixed wired AND, | not part of
policy ’ " | application | all slaves (wired), No priority | spec
LRU )
wired AND
Maximum implementatioh limited by | electrically
number of P 16 masters | NA 2t maximum | supports (5
dependent .
masters capacitance| average)
4,8,16beat
Burst Bus lock ~+ wrapped
sequential PP NA No No Yes
mode and incre-
address
mental
Yes, unless
Preemption Yes LOCKisas- | No No No No
serted
Yes,
Wait states| Yes BUSY and| No No - Yes
HREADY
Overlappe_d Overlapped Arbitration
S bus arbitra- | address .
Pipelining | .. No No No is over-
tion and data| phase and lapped
transfer dataphase PP
Yes, ’'de-
Split No Yes No - - layed
transac-
tions”
7 bits + 16
resered
gggress 32bits 32bits 32bits - addresses= | 64 bits
total of 112
devices
IE:rSking Yes, "arbi-
(default Yes Yes NA NA NA ;[:\at,!onpark-
master) 9
Yes, back-
Retry Yes, back-of | \p 2¢cy- | No No No Yes
for 1 cycle cles
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