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Abstract

Thisreportdescribedransaction_evel PlatformModelingin System@or MPSoCdesigns.
The MPSoCplatform is a net-list of processingelementsbussesand bridge elements. The
Processingelementswhich can hosta process(a C program) or memory Bussesmodeled
as Universal Bus Channels(UBCs), offer communicatiorfunctionsfor theseprocessesand
bridge elementgtransduces) link differentbussegogether Thisplatformyieldsan executable
Transaction_evel System@nodel andhasthe advantae thatthe designercanusetheexisting
C codeandwill yield a completelysimulatableplatform. To testthe modelingstyle 2 different
platformsof a H264 decodewere developedandtestedsuccessfullyThisreportdescribeshe
internal structuie of the bussesprocessinglementsandtransduces of this model.
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1 Intr oduction

Transactiorlevel modelingusing SystemCis emeging asa new paradigmfor systemmodeling,
sincetherise of complity, sizeandheterogeneityf modernembeddedystemshave raisedthe
level of abstractiorabore RTL. On the otherhand,platform baseddesign[1] of multi processor
SoCs(MPSoC)is beignadaptedo combinethe bestfeaturesof top down andbottomup system
design.

We presenin thisreporta TransactiorLevel PlatformModelingstylebasedn SystemCin this
platform we have C programsrunninginside Processingelements(PESs),connectedwith busses
which arelinked by transducers Eachobjectin the platform is modeledaccordingto a well de-

ned SystemCiemplate.Busseaiseawell-de ned templatecalledUniversalBus Channel(UBC)
[2], transducersisetheir own de ned GeneralTransduceArchitecture[ 3] template processeare
scthreadsand PEsare scmodules In the SystemCervironment,a scmodulemay have oneor
moresc.threads andall scthreads runin parallel. Channel®f communicationlike the UBC, are
de ned assc.channes, while transducerarealsosc. modules.

Theplatformis modeledasatop level sc modulewhichinstantiatesll UBCs,transducersPEs,
and connectsall of them, asde ned by the userin the GUI. This will createa fully executable
TLM SystemCcodewhich allows the designerto quickly simulatethe platformin this high level
abstractiorievel.

Relatedwork TLM designin SystemChasgatheredalot of attentionsinceit wasintroduced 4].
Severalmodelsanddesign o ws[5] have beenpresenteadenteringaroundTLM.

Othertools have beendesignedo facilitate platform designs: Metropolis[6] Platform-based
designallows modelingof heterogeneousystems.

Thisreportwill describeheProcessindelementsn section2, theUniversalBus Channektruc-
turein section3, andthe GeneralTransducestructurein section4. The platform modelis shovn



with two examplesof a H264 decodeiin section5. Section6 hasthe conclusionsandfuturework.

2 Processingelements

Every Processindgelement(PE) canhave processeand/ormemoryelements\We cande ne multi-
ple PEsin a platform,andthey mustbe connectedo a bus. The processinglementghatcontains
processebave ade nedinternalstructurewhich containsC code,globalfunctionsprototypesand
SystemCcode.

2.1 Processes

The processesre the C programsthat we wantto run. Theseprogramsneedto interfacewith
SystemCcodein orderto do any communicatiortasks.Figure 1 shovs how the codeis organized
in aprocesobject.

Figurel: ExecutableTLM codeorganization.

We seein Figurel arepresentationf theexecutableTLM, which has3 basicparts.First, there
arethe CommunicatiorAPI prototypeswhich arethe globalfunctionsprototypeghatareincluded
in the applicationC code (lower left corner). This codeusesthe CommunicationAPIs to access
the third block: the Platform model (right side of the gure). The platform model containsthe
CommunicatiorAPI codethataccesseSystemCcodein eachPEmodule,in orderto communicate
with the busses.

A sampleSystemCcodefor a processs shavn below:

extern "C" int Intra(void);
void ptr_Intra;

class P_Intra: public sc_modulef
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public:

SC HASPROCESS(P_Intra);

P_Intra(sc_.module_name name): sc_module(name)f
SCTHREAD(main);

g

sc_port<i_ubc> busport;

int main()f
ptr_Intra=this;
Intra();

g,

Eachprocesawill resideinside a functionin the SystemCclasssc module The constructomwill
initialize all processeby de ning thefunctionsasindependensc.threads (line 8). Line 10de nes
ascport whichwill betheinterfaceto the UBC. The communicationrAPIs will accesghis portto
communicatevith the bus.

Inside eachthread,a global pointer (declaredin line 2) is assignedo the presentobject,and
thenthe C programis nally called.

ThecommunicatiorAPIs exportedto theapplicationC codeareglobalfunctionswhich call the
UBC methodsnsidethe correspondingprocess'scthread They arede ned aftereachsc_module
onesetfor eachprocesghatcommunicatesvith the presenbne:

extern "C" void recv_P_ID_Intra_P_ID_Main(void ptr, int size, int mode)f
P_Intra p = (P_.Intra ) ptr_Intra;
unsigned int src= P_ID_Main;
unsigned int dest= P_ID_Intra;

//Send request to transducer
unsigned int r=size;
p >busport >write(P_ID_Intra,ADDR_Intra RECV Main,
(unsigned char )&r, sizeof (unsigned int));
p >busport >recv(P_ID_Intra,P_ID_Tx2, ptr , size ,mode,& src,& dest);
g
extern "C" void send_P_ID_Intra_P_ID_Main(void ptr, int size,int mode)f
P_Intra p = (P.Intra ) ptr_Intra;
//Send request to transducer
unsigned int r=size;
p >busport >write(P_ID_Intra,ADDR_Intra. SEND Main,
(unsigned char )&r,sizeof (unsigned int));
p >busport >send(P_ID_Intra,P_ID_Tx2, ptr ,size ,mode, P_ID_Intra, P.ID_Main);
g

The pointerp in lines 2 and 12 refer to their speci ¢ PE; this was necessargincethe global
functionsneedto referto one(andonly) objectof the processc.module This way, the C program
will call theseglobal functionsandinterfacewith the SystemCcounterparandaccesgshe busses'
communicatiorfunctions.Therefore we musthave oneclassperprocessinglementandonly one
objectperclass.



In summaryevery Processinglementwill beanscmodulewith oneor moresc threads, each
onerunningC code.For every PE, therewill be glocalfunctions(calledby the C code)which will
accesshe UBC communicatiorfunctions.

2.2 Memory elements

In caseof memoryelementswhat the scmodulecontainsis an array of variablesanda port to
communicatavith thebussesOtherPEswill write andreadthis memoryusingthe UBC's commu-
nicationfunctions.

3 Universal Bus Channel

This modelabstractghe systembus asa singleunit of communication It providesthe basiccom-
municationservicesof synchronizationarbitrationanddatatransferthatare part of a transaction.
At the transactionlevel, we are do not distinguishbetweendifferent bus protocols. The bus is
modeledasa sc channe) implementinga sc.interfacewhich provides5 public buscommunication
functions:

1. Send/Rectfor synchronizedcommunication.

2. Read/Writefor memoryaccess.

3. MemoryAccesir memorycontrol.

Therearealso2 privatefunctions,usedby the abore functions:
1. ArbiterRequest/ArbiterReleasar mutualexclusion.

2. Synd&ironizefor synchronization.

In the presentmodel,UBCscanonly be connectedo Processindelementsandtransducers.

3.1 Synchronization

Synchronizatioris requiredfor two processe® exchangedatareliably. A sendeprocessnustwait
until the recever processs ready andvice versa.A SynchronizatiorTablein the UBC keepsthe
ags andevents(indexed by procesdds) thatareusedby a procesgo notify its transactiorpartner
procesghatit is ready Synchronizatiorbetweenwo processetakesplaceby oneprocessetting
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
giventransactiorare determinedat compiletime. In Figure2 , assumeP1is theinitiator process
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P1 (initiator) P2 (resetter)

time

Data
transfer

Figure2: Flag-basedynchronizatiorbetweernprocesses

andP2astheresetteprocess Hence,P1setsthe synchronizationag. If P2is readybeforeP1, it
mustkeepreadingthe ag until P1setsit. P1noti es this eventwhenit setsthe synchronization
ag. OnceP2readsthe ag asset,it recognizeshatP1lis readyandresetshe ag.

3.1.1 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:

unsigned int Synchronize(unsigned int MylD, unsigned int PartneriD ,
unsigned int MyMode) f
if (MyMode==UBC_INITIATOR && MylD==P_ID_Tx2 && PartnerID==P_ID_Intra) f
sync_Tx2_Intra =1;
ev_sync_Tx2_Intra.notify ();
return UBCNITIATOR;

if (MyMode==UBCRESETTER && PartnerlD==P_ID_Tx2 && MylD==P_ID_Intra) f
while(sync_Tx2_Intra != 1)f
wait(ev_sync_Tx2_Intra);
g
sync_Tx2_Intra=0;
return UBCRESETTER;

3.2 Arbitration

After synchronizationtheresettemprocesswill attemptto resere the busfor datatransfer Thisis
necessargincethe busis a sharedresourceand multiple transactiongattemptedat the sametime

5



mustbe orderedsequentially The resettemprocesswill requestanarbitrationto the bus, andsince
the UBC modelis exclusive for functionalveri cation, the arbiteris modeledasa mutex (whichis
ascmute in SystemCAn arbitrationrequestcorresponds$o a mutex lock operationandoncethe
transactions completethe processwill releasehearbitrationwith amutex unlockoperation.
3.3 Addressingand data transfer
In orderto do addressin@nddatatransfey the UBC usesthefollowing 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 atransactioris reador write (for Read/Writefunctions).

For synchronizedommunicationtheresetteiprocessetsBusAddesso theappropriateraluefrom
the bus addresdable. This is doneby checkingthe procesdDs andassigningthe corresponding
busaddress:

i f (MyProclD==P_ID_Intra && SendProcID==P_ID_Tx2)
BusAddresssSADDR_DH_Tx2_Intra;

else if (MyProclD==P_ID_Trans && SendProclD==P_ID_Tx2)
BusAddresssADDR_DH_Tx2_Trans;

For memorytransactionsthe readeror write processsetsBusAddess This s followed by the
noti cation of eventAddrSethatwakesup the otherprocesor memorycontrollerthatis snooping
theaddresdus:

i f (MyProclD==P_ID_Tx2 && SendProclD==P_ID_Intra)f
while(BusAddress!=ADDR_DH_Intra_Tx2)f
wait(AddrSet);

g

g

In caseof memorytransactionthe memorycontrollerreadsthe addres88usAddessto checkif the
addresdallsin its rangeandcomputegheoffset. If it is areadit setsDataPtrto theright addressn
thelocalmemoryaccordingio computecbffset,andif it's awrite, it will proceedwith the memory

copy:

void MemoryAccess (unsigned int MEMLOW, unsigned int MEMHIGH, unsigned char local _mem)
while (1) f // memory is always servicing
while (BusAddress < MEMLOW jj BusAddress > MEMHIGH) f
wait (AddrSet); /] every time some address is set
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g
if (RoWr == UBCREAD) f Il 1 am addressed for read operation

DataPtr = local_mem + (BusAddress MBMLOW); // base + offset
wait (SETUPDELAY, SCNS); // only for simulation
wait (HOLDDHAY+1, SCNS); // only for simulation

g

else if (RdWr == UBCWRITE)f /1 1 am addressed for write operation
memcpy (local_mem + (BusAddress MBMLOW),DataPtr, DataSize);
wait (HOLDDHAY+1, SCNS); // only for simulation

g
g /l elihw (1)
g // end of MemoryAccess method

4 Transducer Model

Figure3: TLM for transducemodule

Thetransduceconnectswo bussesandits purposas to facilitatemulti-hoptransactionsyhere
oneprocessendgdatato anothemprocesghatis not directly connectedo the senderwia an UBC.
The basicfunctionality of thetransduceis to simply receve datafrom the sendemprocessstoreit
locally andsendit to therecever proces®ncethelatterbecomeseady Thetransduceis modeled
asasc moduleandtherearethreetypesof objectsinstantiateduinderthetop level of thetransducer

4.1 Buffers

The datain transitvia the transduceis storedin circular buffers, modeledasFIFO channels.The
numberof channeldn a buffer is equalto the total numberof communicatiorpathsthroughthe
transducerEachbuffer is modeledasa sc_.channelandimplementsa sc.interfacewhich supports
four functionsasfollows:

1. MaylWritereturnstrueif therequestedpacds availablein the buffer elsereturnsfalse;



2. MaylReadreturnstrueif the requesteaciumberof bytesarepresenin the buffer elsereturns
false;

3. BufferWrite copiestheincomingdatato the buffer andupdateghetail pointer;

4. BufferReadcopiesdatafrom the buffer to the outputandupdateghe headpointer;

4.2 RequestBuffers

In generalpeforeary datais sent/receiedto/fromthetransducerarequesmustbemadesuchthat
thetransducemterfacemaycheckif theinternalbufferscanaccomodat¢hedataor supplyit. Such
arequesmaybeincludedin the pacletitself, but if thepacketcannott, additionallogic is needed
in thebridgeto rejectthe paclketandin theprocesgo checkfor rejectionandresendt. For simplic-
ity, wewill only considethescenariovherethe PEwritestherequestfollowedby synchronization
anddatatransfer In caseof multiple competingporocessegherequestgrom differentprocesseare
arbitratedby thetransduceandthe communicatiorwith the successfuprocesss initiated.

Therearetwo requesbuffersin thetransduceronefor eachbusinterface. Thenumberof words
perrequestuffer is equalto the numberof communicatiorpathsthroughthe bridge. The request
buffer is modeledasary othermemorymodulein a PE andthushasanaddressangeon the bus.
Eachwordin therequestbuffer hasa uniquebusaddressTherequestingorocessvritesthenumber
of bytesit expectsto read/writeinto the communicatiorpath's correspondingequestouffer. The
requesbuffer is amodulethatsupportgwo functions:

1. GetN&tReadycheckgherequestvordsin thebuffer in around-robinfashion.For thechosen
requestjt checksf the correspondindpuffer hasenoughdata/spacé completethetransac-
tion of requestedize, calling the buffers' functionsMaylWrite andMaylRead If it returns
Tx Yes it returnstherequesiD andpath,elseit checkshe next pendingrequest:

if (RequestBuffer[1]) f
Near = P_ID_Trans;
Remote = P_ID_Main;
5 size = RequestBuffer[1];
TransferType = UBCRECV;
Mode = UBCRESETTER;
if (OPB2DH >MaylRead( Remote, Near, size) == Tx_Yes)
return true;
10 g
if (RequestBuffer[2]) f
Near = P_ID_Intra;
Remote = P_ID_Main;
size = RequestBuffer[2];
15 TransferType = UBC.SEND;
Mode = UBCRESETTER;
if (DH20PB >MaylWrite( Near, Remote, size) == Tx_Yes)




return true;

20

2. ClearRequestemorestherequesfrom thebuffer by settingthe sizeto zero.

4.3 10 module

The lO moduleis the interfacefunction of the transducethattalksto otherprocessesn the bus.
It startsby calling the GetNextReadyfunctionin the requestouffer. Then,for the selectedsender
or recever processit callsthe UBC receve or sendfunctionrespectrely. ThelO moduleassumes
therole of the Resetteif the processs the Initiator, andvice versa.The datareceived from sender
is written to the correspondindg=IFO. The datato be sentto the recever is rst readfrom the
corresponding-IFO beforecalling the transducesendfunction. Oncethe requestedransactions
completedtherequestemovedby calling the Clear functionin therequesbuffer module.

5 H264decodermodels

In orderto testour platform modeling style, we chosea H264 decoderand usedthe templates
describedibore. TheH264decodetakesa.cif.264 le, decodesnddisplaysit in thescreenusing

the SimpleDirectMediaLayer (SDL) librariesin the GNU/Linux OS. We divided the decodelinto

6 blocks:

—  Screen
Mult
.h264 . Tt
Enput_bltﬂ dispatch Trans_luma

Figure4: H264 decodeplatform

Theinput le is a.cif.264 le with avideoclip of atleast25 frames.lIt is readby the "Main”
block which doesmuchof the processing.The mainblock initially callsthe”Get_next_nal” block
whichreadsthe le andobtainsa’NAL” unit, which is the logical datapaclet of the H264 video
codec.The”Input_bits” block manageshe pointersof the NAL units buffer. Thetwo otherblocks



"Intra_dispatch”and”Transluma” procesghe videoin termsof their lumaandchromadata. The
lastblock "Mult” doesarraymultiplicationfor "Transluma”.

Two differentmodelswere developed: a point-to-pointmodelwith 5 bussesanda sharedous
modelwith 2 bussesand1 transducer The goal wasto testthe platform modelingstyle with two
differentplatforms,by readinga setof input les andvisualizingthe output.

5.1 Point-to-Point model

This model shavn in Figure 5 hasone main sc.modulewith the main scthread All other PEs
communicatewith the main moduleusing an individual bus; thereare a total of 5 busses. The
functionsweremappedne-to-ondo eachblock.

Intra_
dispatch

Figure5: Pointto pointH264 decodemodel

5.2 Shared bus model

The secondplatformalsomapseachfunctionto a hardwareblock. The blocksshare2 bussesand
usesa transducer This modelshovn in Figure 6. The main scthread sendsand receves data

10



Tablel: Simulationtimesandcodesizefor inputclip of 25frames

Results
Platform SystemCLOC | Simtime
C model - 1.865s
Point-to-Point| 1362 4.690s
Sharedous 1571 14.551s

from the PEsconnectedo Busl andfrom the other PEsconnectedo Bus2, via the transducer
Thereis alsolocal communicatiorbetweenthe module Transluma and Mult which doesnot use

thetransducebut usesonly Bus2.

Main Input_bits

I
I

Get_next nal

Trans_luma

Figure6: SharedbusH264 decodemodel

5.3 Results

Both modelsweretestedsuccessfullyith 4 .cif.264 les, with le sizesrangingfrom 28572bytes
to 632376bytes.Theframesdecodedn eachclip rangedrom 25 framesin thesmallestle to 360
framesin thelargest.We presenin Table1 thesimulationtimesfor the smallestlip andcodesizes
of bothmodelsin comparisorwith the original C codeof the H264 decoder Note: the simulation
environmentwasa Pentium4, 2.80Ghz,1Mb Cache 1GbRAM, runningLinux kernel2.6.9.

We canseein Tablel thatwhile the codesizeis similar betweerthe point-to-pointmodeland
the shared-bs model, the simulationtime is considerablyhigherin the latter one. In the second
model,the arbitrationof the bussescomesinto play sincethe two bussesarenot exclusive for ary
block,aswasin the rst model.Furthermorethe presencef thetransduceandits FIFOsproduce
extraoverheadhatimpactedon thesimulationtime.
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6 Conclusionsand futur e work

In this report, we presentedh transactiorlevel platform modelingstyle for MPSoCin SystemC.
The model consistsof processesUBCs and transducers.The processesre implementedusing
sc.threads inside PEs,which are modeledas sc modules Bussesare modeledassc_.channes and
act as a single unit of communication,providing synchronization arbitrationand datatransfer
Thetransducergonnecttwo bussesand consistof buffers, 2 requestbuffers,and2 10 modules.
Thesemodelsenableusto build an executableTLM in SystemCcode,usingthe sameC codeto
simulatethe system.We testedthe modelingstyle with 2 differentplatformsfor a H264 decoder:
a point-to-pointmodel and a shared-bs model. Both performedsuccessfullybut with different
simulationtimes.In thefuture,we planto upgradehetransduceto allow transduceto-transducer
andtransduceto-memorymodulecommunication.
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