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Abstract

ThisreportdescribesTransactionLevelPlatformModelingin SystemCfor MPSoCdesigns.
The MPSoCplatform is a net-list of processingelements,bussesand bridge elements.The
ProcessingElementswhich can hosta process(a C program) or memory. Busses,modeled
as Universal Bus Channels(UBCs), offer communicationfunctionsfor theseprocessesand
bridgeelements(transducers) link differentbussestogether. Thisplatformyieldsanexecutable
TransactionLevelSystemCmodel,andhastheadvantage that thedesignercanusetheexisting
C codeandwill yield a completelysimulatableplatform. To testthemodelingstyle, 2 different
platformsof a H264decoderwere developedandtestedsuccessfully. Thisreportdescribesthe
internal structureof thebusses,processingelements,andtransducers of thismodel.
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TransactionLevel Platform Modeling in SystemCfor Multi-Pr ocessor
Designs

L. Yu, S.Abdi, D.Gajski
Centerfor EmbeddedComputerSystems

Universityof California,Irvine

Jan.25,2007

1 Intr oduction

Transactionlevel modelingusingSystemCis emerging asa new paradigmfor systemmodeling,
sincethe riseof complexity, sizeandheterogeneityof modernembeddedsystemshave raisedthe
level of abstractionabove RTL. On the otherhand,platform baseddesign[1] of multi processor
SoCs(MPSoC)is beignadaptedto combinethe bestfeaturesof top down andbottomup system
design.

Wepresentin this reportaTransactionLevel PlatformModelingstylebasedin SystemC.In this
platform we have C programsrunning insideProcessingElements(PEs),connectedwith busses
which arelinked by transducers.Eachobject in the platform is modeledaccordingto a well de-
�ned SystemCtemplate.Bussesusea well-de�ned templatecalledUniversalBusChannel(UBC)
[2], transducersusetheir own de�ned GeneralTransducerArchitecture[3] template,processesare
sc threadsandPEsaresc modules. In the SystemCenvironment,a sc modulemay have oneor
moresc threads, andall sc threads run in parallel.Channelsof communication,like theUBC, are
de�ned assc channels,while transducersarealsosc modules.

Theplatformis modeledasatoplevel sc modulewhichinstantiatesall UBCs,transducers,PEs,
andconnectsall of them,as de�ned by the userin the GUI. This will createa fully executable
TLM SystemCcodewhich allows thedesignerto quickly simulatetheplatform in this high level
abstractionlevel.

Relatedwork TLM designin SystemChasgathereda lot of attentionsinceit wasintroduced[4].
Severalmodelsanddesign�o ws [5] havebeenpresentedcenteringaroundTLM.

Other tools have beendesignedto facilitateplatform designs:Metropolis [6] Platform-based
designallowsmodelingof heterogeneoussystems.

Thisreportwill describetheProcessingElementsin section2, theUniversalBusChannelstruc-
ture in section3, andtheGeneralTransducerstructurein section4. Theplatformmodelis shown
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with two examplesof aH264decoderin section5. Section6 hastheconclusionsandfuturework.

2 ProcessingElements

Every ProcessingElement(PE)canhave processesand/ormemoryelements.We cande�ne multi-
ple PEsin a platform,andthey mustbeconnectedto a bus. Theprocessingelementsthatcontains
processeshaveade�ned internalstructure,whichcontainsC code,globalfunctionsprototypes,and
SystemCcode.

2.1 Processes

The processesare the C programsthat we want to run. Theseprogramsneedto interfacewith
SystemCcodein orderto do any communicationtasks.Figure1 shows how thecodeis organized
in aprocessobject.

Figure1: ExecutableTLM codeorganization.

Weseein Figure1 arepresentationof theexecutableTLM, whichhas3 basicparts.First, there
aretheCommunicationAPI prototypes,whicharetheglobalfunctionsprototypesthatareincluded
in the applicationC code(lower left corner). This codeusesthe CommunicationAPIs to access
the third block: the Platformmodel (right sideof the �gure). The platform model containsthe
CommunicationAPI codethataccessesSystemCcodein eachPEmodule,in orderto communicate
with thebusses.

A sampleSystemCcodefor aprocessis shown below:

extern ”C” i nt I nt r a ( void ) ;
void � pt r I nt r a ;

cl ass P I nt ra : publ i c sc modulef
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5 publ i c :
SC HAS PROCESS( P I nt ra ) ;
P I nt ra( sc module name name) : sc module(name)f

SC THREAD(main ) ;
g

10 sc por t< i ubc> busport ;
i nt main() f

pt r I nt r a=t hi s ;
I nt r a ( ) ;

g
15 g;

Eachprocesswill resideinsidea function in the SystemCclasssc module. The constructorwill
initialize all processesby de�ning thefunctionsasindependentsc threads (line 8). Line 10de�nes
a sc port which will betheinterfaceto theUBC. ThecommunicationAPIs will accessthis port to
communicatewith thebus.

Insideeachthread,a global pointer(declaredin line 2) is assignedto the presentobject,and
thentheC programis �nally called.

ThecommunicationAPIsexportedto theapplicationC codeareglobalfunctionswhichcall the
UBC methodsinsidethecorrespondingprocess'sc thread. They arede�ned aftereachsc module,
onesetfor eachprocessthatcommunicateswith thepresentone:

extern ”C” void recv P I D I ntra P I D M ai n ( void � ptr , i nt si ze , i nt mode)f
P I nt ra � p = ( P I nt ra� ) pt r I nt r a ;
unsigned i nt src= P ID Main;
unsigned i nt dest= P I D I ntra ;

5 / / Send r equest to tr ansducer
unsigned i nt r=si ze ;
p� > busport� > wr i te( P I D I ntra ,ADDR Intra RECV Main,

( unsigned char� )& r , si zeof ( unsigned i nt ) ) ;
p� > busport� > recv ( P I D I ntra , P ID Tx2 , ptr , si ze ,mode,& src ,& dest ) ;

10 g
extern ”C” void send P I D I ntra P I D M ai n ( void � ptr , i nt si ze , i nt mode)f

P I nt ra � p = ( P I nt ra � ) pt r I nt r a ;
/ / Send r equest to tr ansducer
unsigned i nt r=si ze ;

15 p� > busport� > wr i te( P I D I ntra ,ADDR Intra SEND Main,
( unsigned char� )& r , si zeof ( unsigned i nt ) ) ;

p� > busport� > send( P I D I ntra , P ID Tx2 , ptr , si ze ,mode, P I D I ntra , P ID Main ) ;
g

The pointerp in lines 2 and12 refer to their speci�c PE; this wasnecessarysincethe global
functionsneedto referto one(andonly) objectof theprocesssc module. This way, theC program
will call theseglobal functionsandinterfacewith theSystemCcounterpartandaccessthebusses'
communicationfunctions.Therefore,wemusthaveoneclassperprocessingelement,andonly one
objectperclass.
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In summary, everyProcessingElementwill beansc modulewith oneor moresc threads,each
onerunningC code.For every PE,therewill beglocal functions(calledby theC code)which will
accesstheUBC communicationfunctions.

2.2 Memory elements

In caseof memoryelements,what the sc modulecontainsis an arrayof variablesanda port to
communicatewith thebusses.OtherPEswill write andreadthismemoryusingtheUBC'scommu-
nicationfunctions.

3 UniversalBusChannel

This modelabstractsthesystembusasa singleunit of communication.It providesthebasiccom-
municationservicesof synchronization,arbitrationanddatatransferthatarepartof a transaction.
At the transactionlevel, we are do not distinguishbetweendifferent bus protocols. The bus is
modeledasa sc channel, implementinga sc interfacewhich provides5 public buscommunication
functions:

1. Send/Recvfor synchronizedcommunication.

2. Read/Writefor memoryaccess.

3. MemoryAccessfor memorycontrol.

Therearealso2 privatefunctions,usedby theabove functions:

1. ArbiterRequest/ArbiterReleasefor mutualexclusion.

2. Synchronizefor synchronization.

In thepresentmodel,UBCscanonly beconnectedto ProcessingElementsandtransducers.

3.1 Synchronization

Synchronizationis requiredfor two processesto exchangedatareliably. A senderprocessmustwait
until thereceiver processis ready, andvice versa.A SynchronizationTablein theUBC keepsthe
�ags andevents(indexedby processids) thatareusedby a processto notify its transactionpartner
processthat it is ready. Synchronizationbetweentwo processestakesplaceby oneprocesssetting
the �ag and the otherprocesscheckingandresettingthe �ag. Oncethe �ag hasbeenreset,the
transactingprocessesaresaidto be synchronized.We will refer to the processsettingthe �ag as
the initiator andtheprocessresettingthe�ag asresetter. Theinitiator andresetterprocessesfor a
given transactionaredeterminedat compiletime. In Figure2 , assumeP1 is the initiator process
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Figure2: Flag-basedsynchronizationbetweenprocesses

andP2astheresetterprocess.Hence,P1setsthesynchronization�ag. If P2is readybeforeP1,it
mustkeepreadingthe �ag until P1 setsit. P1 noti�es this event whenit setsthe synchronization
�ag. OnceP2readsthe�ag asset,it recognizesthatP1is readyandresetsthe�ag.

3.1.1 Implementation

TheUBC modelwill haveone�ag andonesc eventfor eachpairof communicatingprocesses.The
synchronizationby the two processesusingSend/Recvfunctionsis achieved by both calling the
Synchronizefunction,whichdoesoneof two things,dependingif thecallingprocessis theinitiator
or theresetter:

unsigned i nt Synchroni ze( unsigned i nt MyID, unsigned i nt PartnerID ,
unsigned i nt MyMode) f

i f (MyMode==UBC INITIATOR && MyID==P ID Tx2 && PartnerI D==P I D I ntra) f
sync Tx2 I ntra =1;

5 ev sync Tx2 I ntra . not i f y ( ) ;
return UBC INITIATOR;

g
i f (MyMode==UBC RESETTER && PartnerI D==P ID Tx2 && MyID==P I D I ntra) f

whi l e( sync Tx2 I ntra != 1)f
10 wai t ( ev sync Tx2 I ntra ) ;

g
sync Tx2 I ntra=0;
return UBC RESETTER;

g
15 . . .

3.2 Arbitration

After synchronization,theresetterprocesswill attemptto reserve thebusfor datatransfer. This is
necessarysincethe bus is a sharedresourceandmultiple transactionsattemptedat the sametime
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mustbeorderedsequentially. Theresetterprocesswill requestanarbitrationto thebus,andsince
theUBC modelis exclusive for functionalveri�cation, thearbiteris modeledasa mutex (which is
a sc mutex in SystemC.An arbitrationrequestcorrespondsto a mutex lock operationandoncethe
transactionis complete,theprocesswill releasethearbitrationwith amutex unlockoperation.

3.3 Addr essingand data transfer

In orderto doaddressinganddatatransfer, theUBC usesthefollowing variablesandevents:

1. VariableBusAddressthatstoresthestartingaddressof theactive transaction;

2. EventAddrSetthatis noti�ed whenTxAddressis set(it is implementedasasc event);

3. VariableDataPtr thatkeepsthepointerto thetransacteddata;

4. VariableDataSizethatkeepsthesizein bytesof thetransacteddata;

5. VariableRdWrthatidenti�es if a transactionis reador write (for Read/Writefunctions).

Forsynchronizedcommunication,theresetterprocesssetsBusAddressto theappropriatevaluefrom
the bus addresstable. This is doneby checkingthe processIDs andassigningthe corresponding
busaddress:

i f (MyProcID==P I D I ntra && SendProcID==P ID Tx2)
BusAddress=ADDR DH Tx2 Intra;

el se i f (MyProcID==P ID Trans && SendProcID==P ID Tx2)
BusAddress=ADDR DH Tx2 Trans;

For memorytransactions,thereaderor write processsetsBusAddress. This is followedby the
noti�cation of eventAddrSetthatwakesup theotherprocessor memorycontrollerthatis snooping
theaddressbus:

i f (MyProcID==P ID Tx2 && SendProcID==P I D I ntra)f
whi l e( BusAddress!=ADDR DH Intra Tx2)f

wai t ( AddrSet ) ;
g

5 g

In caseof memorytransaction,thememorycontrollerreadstheaddressBusAddressto checkif the
addressfalls in its rangeandcomputestheoffset. If it is areadit setsDataPtr to theright addressin
thelocalmemoryaccordingto computedoffset,andif it' s a write, it will proceedwith thememory
copy:

void MemoryAccess ( unsigned i nt MEM LOW, unsigned i nt MEM HIGH, unsigned char � local mem) f
whi l e (1) f / / memory i s always ser vi ci ng

whi l e ( BusAddress < MEMLOW j j BusAddress > MEM HIGH) f
wai t ( AddrSet ) ; / / ever y ti me some addr ess i s set
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5 g
i f (RdWr == UBCREAD) f / / I am addressed for read oper at i on

DataPtr = local mem + ( BusAddress � MEMLOW) ; / / base + of f set
wai t (SETUPDELAY, SC NS) ; / / onl y for si mul at i on
wai t (HOLD DELAY+1, SC NS) ; / / onl y for si mul at i on

10 g
el se i f (RdWr == UBC WRITE)f / / I am addressed for wr i te oper at i on

memcpy ( local mem + ( BusAddress � MEMLOW) , DataPtr , DataSi ze) ;
wai t (HOLD DELAY+1, SC NS) ; / / onl y for si mul at i on

g
15 g / / el i hw (1)

g / / end of MemoryAccess method

4 TransducerModel

Figure3: TLM for transducermodule

Thetransducerconnectstwo busses,andits purposeis to facilitatemulti-hoptransactions,where
oneprocesssendsdatato anotherprocessthat is not directly connectedto thesendervia anUBC.
Thebasicfunctionalityof thetransduceris to simply receive datafrom thesenderprocess,storeit
locally andsendit to thereceiverprocessoncethelatterbecomesready. Thetransduceris modeled
asasc moduleandtherearethreetypesof objectsinstantiatedunderthetop level of thetransducer.

4.1 Buffers

Thedatain transitvia the transduceris storedin circularbuffers,modeledasFIFO channels.The
numberof channelsin a buffer is equalto the total numberof communicationpathsthroughthe
transducer. Eachbuffer is modeledasa sc channelandimplementsa sc interfacewhich supports
four functionsasfollows:

1. MayIWritereturnstrueif therequestedspaceis availablein thebuffer elsereturnsfalse;
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2. MayIReadreturnstrueif therequestednumberof bytesarepresentin thebuffer elsereturns
false;

3. BufferWritecopiestheincomingdatato thebuffer andupdatesthetail pointer;

4. BufferReadcopiesdatafrom thebuffer to theoutputandupdatestheheadpointer;

4.2 RequestBuffers

In general,beforeany datais sent/receivedto/fromthetransducer, a requestmustbemadesuchthat
thetransducerinterfacemaycheckif theinternalbufferscanaccomodatethedataor supplyit. Such
arequestmaybeincludedin thepacket itself, but if thepacketcannot�t, additionallogic is needed
in thebridgeto rejectthepacketandin theprocessto checkfor rejectionandresendit. For simplic-
ity, wewill only considerthescenariowherethePEwritestherequest,followedby synchronization
anddatatransfer. In caseof multiplecompetingprocesses,therequestsfrom differentprocessesare
arbitratedby thetransducerandthecommunicationwith thesuccessfulprocessis initiated.

Therearetwo requestbuffersin thetransducer, onefor eachbusinterface.Thenumberof words
perrequestbuffer is equalto thenumberof communicationpathsthroughthebridge. Therequest
buffer is modeledasany othermemorymodulein a PEandthushasanaddressrangeon thebus.
Eachword in therequestbuffer hasauniquebusaddress.Therequestingprocesswritesthenumber
of bytesit expectsto read/writeinto thecommunicationpath's correspondingrequestbuffer. The
requestbuffer is amodulethatsupportstwo functions:

1. GetNextReadycheckstherequestwordsin thebuffer in around-robinfashion.For thechosen
request,it checksif thecorrespondingbuffer hasenoughdata/spaceto completethetransac-
tion of requestedsize,calling thebuffers' functionsMayIWriteandMayIRead. If it returns
Tx Yes, it returnstherequestID andpath,elseit checksthenext pendingrequest:

. . .
i f ( RequestBuf f er [ 1] ) f

� Near = P ID Trans;
� Remote = P ID Main;

5 � si ze = RequestBuf f er [ 1] ;
� TransferType = UBCRECV;
� Mode = UBC RESETTER;
i f (OPB2DH� >MayIRead(� Remote,� Near ,� si ze) == Tx Yes)

return t rue ;
10 g

i f ( RequestBuf f er [ 2] ) f
� Near = P I D I ntra ;
� Remote = P ID Main;
� si ze = RequestBuf f er [ 2] ;

15 � TransferType = UBC SEND;
� Mode = UBC RESETTER;
i f (DH2OPB� >MayIWri te(� Near ,� Remote,� si ze) == Tx Yes)
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return t rue ;
g

20 . . .

2. ClearRequestremovestherequestfrom thebuffer by settingthesizeto zero.

4.3 IO module

The IO moduleis the interfacefunctionof the transducerthat talks to otherprocesseson thebus.
It startsby calling the GetNextReadyfunction in the requestbuffer. Then,for the selectedsender
or receiver process,it callstheUBC receive or sendfunctionrespectively. TheIO moduleassumes
therole of theResetterif theprocessis theInitiator, andvice versa.Thedatareceivedfrom sender
is written to the correspondingFIFO. The datato be sent to the receiver is �rst readfrom the
correspondingFIFO beforecalling thetransducersendfunction. Oncetherequestedtransactionis
completed,therequestremovedby calling theClear functionin therequestbuffer module.

5 H264decodermodels

In order to test our platform modelingstyle, we chosea H264 decoderand usedthe templates
describedabove. TheH264decodertakesa.cif.264�le, decodesanddisplaysit in thescreen,using
theSimpleDirectMediaLayer(SDL) librariesin theGNU/Linux OS.We dividedthedecoderinto
6 blocks:

Figure4: H264decoderplatform

Theinput �le is a .cif.264�le with a videoclip of at least25 frames.It is readby the”Main”
block which doesmuchof theprocessing.Themainblock initially calls the”Get next nal” block
which readsthe �le andobtainsa ”NAL” unit, which is the logical datapacket of theH264video
codec.The”Input bits” block managesthepointersof theNAL unitsbuffer. Thetwo otherblocks
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”Intra dispatch”and”Transluma” processthevideo in termsof their lumaandchromadata.The
lastblock ”Mult” doesarraymultiplicationfor ”Transluma”.

Two differentmodelsweredeveloped:a point-to-pointmodelwith 5 bussesanda sharedbus
modelwith 2 bussesand1 transducer. Thegoalwasto testtheplatformmodelingstylewith two
differentplatforms,by readingasetof input �les andvisualizingtheoutput.

5.1 Point-to-Point model

This modelshown in Figure 5 hasonemain sc modulewith the main sc thread. All otherPEs
communicatewith the main moduleusing an individual bus; thereare a total of 5 busses.The
functionsweremappedone-to-oneto eachblock.

Figure5: Pointto pointH264decodermodel

5.2 Sharedbusmodel

Thesecondplatformalsomapseachfunctionto a hardwareblock. Theblocksshare2 bussesand
usesa transducer. This model shown in Figure 6. The main sc thread sendsand receives data
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Table1: Simulationtimesandcodesizefor inputclip of 25 frames
Results

Platform SystemCLOC Sim time
C model - 1.865s
Point-to-Point 1362 4.690s
Sharedbus 1571 14.551s

from the PEsconnectedto Bus1and from the otherPEsconnectedto Bus2,via the transducer.
Thereis alsolocal communicationbetweenthe moduleTrans luma andMult which doesnot use
thetransducerbut usesonly Bus2.

Figure6: SharedbusH264decodermodel

5.3 Results

Bothmodelsweretestedsuccessfullywith 4 .cif.264�les, with �le sizesrangingfrom 28572bytes
to 632376bytes.Theframesdecodedin eachclip rangedfrom 25 framesin thesmallest�le to 360
framesin thelargest.Wepresentin Table1 thesimulationtimesfor thesmallestclip andcodesizes
of bothmodelsin comparisonwith theoriginal C codeof theH264decoder. Note: thesimulation
environmentwasaPentium4, 2.80Ghz,1Mb Cache,1GbRAM, runningLinux kernel2.6.9.

We canseein Table1 thatwhile thecodesizeis similar betweenthepoint-to-pointmodeland
the shared-bus model, the simulationtime is considerablyhigher in the latter one. In the second
model,thearbitrationof thebussescomesinto play sincethetwo bussesarenot exclusive for any
block,aswasin the�rst model.Furthermore,thepresenceof thetransducerandits FIFOsproduce
extraoverheadthatimpactedon thesimulationtime.
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6 Conclusionsand futur ework

In this report,we presenteda transactionlevel platform modelingstyle for MPSoCin SystemC.
The model consistsof processes,UBCs and transducers.The processesare implementedusing
sc threads insidePEs,which aremodeledassc modules. Bussesaremodeledassc channels and
act as a single unit of communication,providing synchronization,arbitrationand data transfer.
The transducersconnecttwo busses,andconsistof buffers, 2 requestbuffers, and2 IO modules.
Thesemodelsenableus to build an executableTLM in SystemCcode,usingthe sameC codeto
simulatethesystem.We testedthemodelingstylewith 2 differentplatformsfor a H264decoder:
a point-to-pointmodel and a shared-bus model. Both performedsuccessfullybut with different
simulationtimes.In thefuture,weplanto upgradethetransducerto allow transducer-to-transducer
andtransducer-to-memorymodulecommunication.
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