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Abstract

1 Intr oduction

Systemdesignin the SoCapproachtakesaninitial speci�cationof thesystemdown to anactualimplemen-
tation througha seriesof interactive andautomatedsteps.Startingfrom a purely functionaldescriptionof
the desiredsystembehavior, an implementationof the designon a heterogeneoussystemarchitecturewith
multiple processingelements(PEs)connectedthroughsystembussesis producedat the endof the design
�o w.

This reportdescribesandde�nes guidelinesandrules for developingSpecCbasedsystemmodelsin
general,andasinput to the SoCtoolsin particular.

1.1 SoCDesignFlow

In the SoCdesign�o w (Figure1), � vedesignmodelsareusedto representthedesignatdifferentabstraction
levels.Thedesignmodelsareexecutablesothatthey canbesimulatedto verify thecorrectnessof thedesign
andobtaindesignperformancemetricsateachdesignstep.

Themostabstractmodelis thespeci�cationmodelthat servesasthe input to SoCtools. Speci�cation
modelis a purefunctionalmodelthatcapturesthefunctionalityof thedesireddesign.It shouldnot contain
any implementationdetails.

The architecture modelis the outputof architectureexploration. It re�ects the overall computationar-
chitectureconsistingof processingelements(PEs).Thearchitecturemodelencapsulatesthecommunication
betweenPEsthroughabstractmessage-passingchannels.

After network explorationanetworkmodelis producedto re�ect thecommunicationnetwork chosenfor
thedesign.It representstheallocationandselectionof network stationsandthelinks betweenthem.While
the communicationis end-to-endbetweenPEsin the architecturemodel,it is re�ned into point-to-pointin
thenetwork model.

Finally, thecommunicationmodelincorporatesbusprotocolsinto themodel.Thecommunicationmodel
canbepin-accurateor transaction-level. Thetransactionlevelmodelabstractsawaythepin-accurateprotocol
details.

All themodelsarecapturedin SpecClanguageandthey have to adhereto thesyntaxandsemanticsof
the SpecClanguage.Designersonly needto write the speci�cationmodelfor the designandthenusethe
tools to automaticallygeneratethe lower level models. SoCtoolsalsosupportpartialspeci�cation,which
allows designersto startwith a speci�cationwith incompletecomputationalfunctionality. Later designers
canmodify thecomputationpartof theautomaticallygeneratedmodels.However, for themodi�ed models
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Figure1: SoCdesign�o w.

to bevalid for the SoCtools,they mustfollow certainmodelingrules.This reportin particularde�nes the
modelingstylerequiredfor the SoCnetwork model,which is highlightedin the�gure. [4], [5], [7] and[6]
focuson themodelingstylesof theothermodels.

1.2 SpecCLanguage

The SoCdesign�o w is supportedby theSpecCsystem-level designlanguage([1]). TheSpecClanguageas
anexampleof a modernsystem-level designlanguage(SLDL) wasdevelopedundersupportandcontrolof
theSpecCTechnologyOpenConsortium(STOC) ([2]) to satisfyall therequirementsfor anef�cient formal
descriptionof themodelsin the SoCdesign�o w. It supportsbehavioral andstructuralviews andcontains
featuresfor describingadesignatall levelsof abstraction.

In the SoCdesign�o w, all � ve modelsof thedesignprocessstartingwith thespeci�cationmodeland
down to the implementationmodelaredescribedin the SpecClanguage.Onecommonlanguageremoves
theneedfor tedioustranslation.Furthermore,all themodelsin SpecCareexecutablewhich allows for vali-
dationthroughsimulationwhile reusingonesingletestbenchthroughoutthewholedesign�o w. In addition,
the formal natureof the modelsenablesapplicationof formal methods,e.g.for veri�cation or equivalence
checking.

Notethatthis reportis not intendedto bea tutorial of SpecClanguageandwe assumethatthereaderof
this reportis familiar with the language.This reportcanbeusedfor two purposes.First, it canhelpusers
understandthe meaningof the automaticallygeneratednetwork modelsby the network explorer. Second,
it canhelpusersmodify theautomaticallygeneratednetwork modelssuchthat they canbeacceptedby the
communicationsynthesizer([?]).

The rest of the report is organizedas follows. Section2 presentsthe overall structureof a network
model. Themajorelementsof a network modelaredescribedoneby onein detail. Section3 describesthe
communicationchannelsallowedin thenetwork model.Section4 describesthemodelingof sharedmemories
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in thenetwork model.Section5 describestheguidelinesto modelprocessingelements.Section6 describes
the modelingof communicationelements,suchasbridgesandtransducersin the network model. Finally,
Section7 describestherulesonhow to composetheelementtogetherto form anvalid network model.

2 An Overview of Network Model

i mpor t ” c doubl e handshak e” ;

behav i or St i mul us ( i sender i nput ) f / / St i mul i cr eat or
voi d main ( voi d ) f

5 / / whi l e ( . . . ) f . . . ; i nput . send ( . . . ) ; . . . g
g

g;

behav i or M oni tor ( i r ecei v er out put ) f / / Output moni tor
10 voi d main ( voi d ) f

/ / whi l e ( . . . ) f . . . ; out put . r ecei ve ( . . . ) ; . . . g
g

g;

15 behav i or Desi gn ( i r ecei v er i nput , i sender out put ) f / / System desi gn
/ / . . .

voi d main ( voi d ) f
/ / fsm f . . . g

20 g
g;

behav i or Main ( ) f / / Top l evel
c doubl e handshak e i nput , out put ;

25
St i mul us st i mul us ( i nput ) ;
Desi gn desi gn ( i nput , out put ) ;
M oni tor moni tor ( out put ) ;

30 i n t main ( voi d ) f
par f

st i mul us . main ( ) ;
desi gn . main ( ) ;
moni tor . main ( ) ;

35 g
g

g;

Figure2: Network modeltop-level code.

Figure2 andFigure3 show anexampletemplatefor a valid network model.A network modelhasto be
anexecutableSpecCmodel,i.e. it hasto de�ne a Main behavior. A network modelconsistsof a testbench
that surroundsthe actualdesignto be implemented.A testbenchconsistsof stimulating(Stimulus ) and
monitoring(Monitor ) behaviors thatareexecutingconcurrentlywith thedesign(Design ) in thetop-most
Main behavior, andthat drive the designundertestandcheckthe generatedoutputagainstknown golden
outputs.
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Design MonitorStimulus
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Figure3: Network modeltop-level structure.

Theactualdesignto beimplementedis modeledby thedesignbehaviors, suchasbehavior Design and
thosecomposedhierarchicallyinsideDesign in Figure3. Designbehaviors form a hierarchy treeby their
compositionrelations.Theroot of the tree,for exampleDesign in Figure3, is calledthe top-level design
behavior.

Note that the modelingrulesandrestrictionsde�ned in this reportapply only to the designbehaviors
sincethetestbenchbehaviors will not beconsideredandtouchedby SoCtools. Thereforthetestbenchcan
befreelydescribedusingany valid SpecCcode.For example,while thecodeof thedesignto beimplemented
hasto beavailablecompletelyin SpecCsourceform, thetestbenchcanlink againstexternaltranslationunits
(libraries)for additionalfunctionality.

In generalit is hardfor SoCtools themselvesto �nd out which behaviors aretestbenchbehaviors and
whichareactualdesignbehaviors. Thisdistinctionis madeby thedesignersattachingaprede�nedannotation
to thenetwork model.

Rule 1 A networkmodelhas an annotation SERTOPLEVEL, which containsthe nameof the top-level
designbehaviorof themodel.

For theexampleshown in Figure3, theannotationwould look like thefollowing:

note SER TOPLEVEL = ` ` Desi gn ' ' ;

Oncethe top-level designbehavior is speci�ed, the SoC tools are able to �gure out all other design
behaviors.

If we zoominsidethetop-level designbehavior of a network model,we canidentify a setof �ner model
elementswhichareusedto captureboththecomputationarchitectureandthecommunicationnetwork.

� PEbehaviorsareusedto modeltheprocessingelementsallocatedto performthedesiredcomputation;

� Memorybehaviors areusedto modelthememoriesallocatedto storedatasharedby PEs;

� Bridge andtransducerbehaviors areusedto modelthe communicationelementsneededto interface
betweendifferentcommunicationprotocols.

� Link channelsareusedto modeltheconnectionbetweentheprocessingelementsandthecommunica-
tion elements.

Rule 2 Thetop-level designbehaviorof a networkmodelhasthreeannotationsattachedto it: AR PES,
NRCESand CRBUSSES, which contain the names,typesand other attributesof processingelements,

communicationelementsandbussesallocatedfor thedesign.
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In thefollowing sections,wewill de�ne thesemodelelementsoneby onebeforewedescribehow to put
themtogetherto form avalid network model.

3 Link Channels

In thenetwork models,SpecCchannelsareusedto representthelinks thatconnectprocessingelements(see
Section5) andcommunicationelements(seeSection6). A link only allows sequentialanduni-directional
transactions.Transactionsthatmayoccurat thesametime mustgo throughdifferentlinks. Thelinks in the
network modelsarelogical sincedifferentlinks maybelaterimplementedon thesamephysicalbus.

Network links canbeclassi�edbasedontheinformationthey convey: datalinksareusedfor datatransfer
while synchronizationlinks areusedfor puresynchronizationwith no datainvolved. To enableautomatic
communicationsynthesis,boththedatalinksandthesynchronizationlinkshavetoberepresentedwith certain
typesof channelsde�ned in thelibrary.

Rule 3 A data link is representedwith an instanceof untypedc double handshake channelasde�ned
in SpecCLanguage ReferenceManual.

i n t er f ace i sender f
voi d send ( const voi d � d , unsi gned l ong l ) ;

g;

5 i n t er f ace i r ecei v er f
voi d r ecei v e ( voi d � d , unsi gned l ong l ) ;

g;

i n t er f ace i t r an c ei v er f
10 voi d send ( const voi d � d , unsi gned l ong l ) ;

voi d r ecei v e ( voi d � d , unsi gned l ong l ) ;
g;

Figure4: Interfacesimplementedby c double handshake channel.

The c double handshake channelencapsulatesun-buffered type-lessdatatransfer. It implements
threeinterfaces:i sender , i receiver andi tranceiver asshown in Figure4.

Rule 4 A synchronizationlink is representedwith aninstanceof c handshake channelasde�nedin SpecC
Language ReferenceManual.

Thec handshake channelencapsulatesone-wayhandshakesynchronizationthatdoesnotneedto carry
realdata.It implementstwo interfaces:i send andi receive asshown in Figure5.

For moreinformationaboutrulesandexampleson usingc double handshake andc handshake
channels,the readeris referredto SpecCLanguageReferenceManual([1]). Note thatadditionalruleswill
bepresentedin Section7 for connectingthelink channelinstancesto PEports.

4 Memories

In thenetwork models,SpecCbehaviors areusedto modelmemorycomponentswhich storedata. For PE
behaviors to accessthestoreddata,amemorybehavior hasto implementamemoryinterfacewhichprovides
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i n t er f ace i send f
voi d send ( voi d ) ;

g;

5 i n t er f ace i r ecei v e f
voi d r ecei v e ( voi d ) ;

g;

Figure5: Interfacesimplementedby c handshake channel.

memoryreadandwrite methods. Sincethe databeing transferredin the network modelsis untyped,the
memoryinterfaceshouldnot de�ne any type-speci�c methods.An examplecodeof memorybehavior is
shown in Figure6.

Rule 5 A memorybehaviorimplementsexactly oneinterface, which hastwo methodswith exactly the fol-
lowingsignatures:

voi d r ead ( unsi gned l ong of f set , voi d � d , unsi gned l ong si ze ) ;
voi d wr i t e ( unsi gned l ong of f set , voi d � d , unsi gned l ong si ze ) ;

The read methodreadssizebytesfrom the memorylocation startingat offset and puts them in the
variablewhich is pointedby d. Conversely, the write methodwrites sizebytesdatapointedby d to the
memorylocationstartingatoffset.

Rule 6 A memorybehaviormustnot haveanyports,channelinstancesandsub-behaviorinstances.It has
only onevariablemem, which is a C struct that exactlydescribestheactualsizes(in termsof numberof
bytes)andthelocationsof all variablesstoredin thememory.

Note that the actualsizesfor a samedatatype may vary from processorto processor. For example,a
short mayoccupy two bytesin oneprocessorwhile four bytesin another. Assigninglocationsto variables
hasto take the alignmentfactorinto account:cana variablestartat byte,word or double-word boundary?
If necessary, paddinghasto be usedto make surethat variablesalign correctly. In the exampleshown in
Figure6, thetwo variablesstoredin thememory(x andy) arepackedinto thestructvariablemem. Herewe
assumethesizeof short typeis two bytesandthesizeof float typeis four bytes.Wealsoassumethata
variablecanstartatwordboundary.

Notethatthebodyof themain() methodis empty, i.e. it doesnotdoanything. Otherthanthemain()
methodandthememoryinterfacemethods,thememorybehavior shouldnot implementany othermethods.

Rule 7 Each memorybehaviormusthavea PE BF MODELannotation,which containsthebehaviorname
of thememory's bus-functionalmodelstoredin thedatabase.

In orderto helpthecommunicationsynthesizerlocatethebus-functionalmodelof thememory, ananno-
tation BF MODELmustbeattachedto thememorybehavior. For example,

Mem1. PE BF MODEL = ` ` Samsungn BF ' ' ;

tells the communicationsynthesizerthat the behavior nameof the memory's bus-functionalmodelis Sam-
sungBF.
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# i ncl ude < st r i ng . h>

i n t er f ace i Mem1
f

5 voi d read ( unsi gned l ong , voi d � , unsi gned l ong ) ;
voi d w r i t e ( unsi gned l ong , const voi d � , unsi gned l ong ) ;

g;

behav i or Mem1 i mpl ements i Mem1
10 f

st r u c t f
char x [ 2 ] ; / / shor t x ;
char y [ 40 ] ; / / f l oa t y [ 10] ;

g mem;
15

voi d w r i t e ( unsi gned l ong of s , const voi d� data , unsi gned l ong l en )
f

char � p t r ;
p t r = ( char � ) &mem;

20 memcpy ( p t r + of s , data , l en ) ;
g

voi d read ( unsi gned l ong of s , voi d � data , unsi gned l ong l en )
f

25 char � p t r ;
p t r = ( char � ) &mem;
memcpy ( data , p t r + of s , l en ) ;

g

30 voi d main ( voi d )
f
g

g;

Figure6: An exampleof memorybehavior.
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5 ProcessingElements

In a network modeleachprocessingelementis representedby a PE behavior. ThePEbehavior speci�esthe
functionalityto beimplementedby thePEratherthantheinternalstructureof thePE.Thebasicfunctionality
of aPEis dataprocessingor computation.

In general,a PE performscomputationon typed data,suchas integer and float . However, as
we have de�ned earlier, PEsin the network modelsmustexchangedatathroughc double handshake
channelswhich only provide type-lessdatatransfer. ThereforePE behaviors in the network modelsmust
modeltheformattingbetweentypeddataandtype-lessdata.

In a network model,transducersmaybeneededto interfacetwo busseswith incompatibleprotocols.It
mayhappenthatdatatransfersbetweentwo PEshave to go througha transducerwhenthecommunicating
PEsareconnectedto two busseswith incompatibleprotocols.Basically, thetransducerreceivesthedatafrom
onePE,buffers it andthensendit out to theotherPE.Usuallya transducerhasa �nite amountof internal
buffer, which limits thesizeof dataexchangedbetweenthetransducerandthePEsin onetransaction.In this
case,PEshave to breakdatainto smallerpacketsto avoid over�ow in the transducerbuffer. ThereforePE
behaviors in thenetwork modelsmustalsomodelthepacketizationprocess,if necessary.

5.1 Two-ShellStructur e

B3

v2

C1
B2

B1
Application 

Shell

Network 
Shell

CA2 CA1

CA3

Figure7: Two-shellPEstructure.

In orderto separatethemodelingof applicationdomainfrom thatof network domainsupport,a two-shell
modelingstyle(Figure7) hasto befollowedin aPEbehavior.

The innerapplicationshell behavior encapsulatesthecomputationrequiredby theapplicationexecuted
on the PE. In general,the applicationshell behavior is hierarchicallycomposedof smallerbehaviors (B1,
B2 andB3), whereeachcontainsa pieceof the compuationassignedto the PE. To model inter-behavior
communicationinsidetheapplicationshell,bothchannels(C1) andvariables(v2 ) canbeconnectedto the
behavior ports(smallsquaresat behavior boundary).Themodelingstylesinsidetheapplicationshellcanbe
foundin SpecCspeci�cationmodelreferencemanual.

However, theapplicationshellbehavior canonly have interfacetypeportsandnovariableports.Further-
more,only certaininterfacetypesareallowedfor theports.

Rule 8 An applicationshell behaviorhasonly interfaceports and no variable ports. The interfacetypes
allowedareasfollows:
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(a) i sender (typedor un-typed)

(b) i receiver (typedor un-typed)

(c) i tranceiver (typedor un-typed)

(d) i send

(e) i receive

(f) memoryinterface(Section4)

i mpor t ” c doubl e handshak e” ;

# i ncl ude < c t y ped doubl e handshak e . sh>

5 / � cr eat e ” f l oa t ” t ype i n t er f ace ” i da t a1 t r ancei ver ” � /
DEFINE I TYPED TRANCEIVER( data1 , f l oat )

/ � cr eat e ” f l oa t ” t ype i n t er f ace ” i dat a1 sender ” � /
DEFINE I TYPED SENDER( data1 , f l oat )

10
/ � cr eat e ” f l oa t ” t ype i n t er f ace ” i da t a1 r ecei ver ” � /
DEFINE I TYPED RECEIVER( data1 , f l oat )

15 channel adapt er ( i t r an c ei v er l i nk ) i mpl ements
i dat a1 sender , i dat a1 r ecei v er

f
voi d r ecei v e ( f l oat � data1 )
f

20 l i nk . r ecei v e ( data1 , si zeof ( f l oat ) ) ;
g

voi d send ( f l oat data1 )
f

25 l i nk . send(& data1 , si zeof ( f l oat ) ) ;
g

g;

Figure8: Examplecodeof anadapterchannel.

Theexampleshown in Figure8 illustrateshow to createtypedinterfacesthatsendand/orreceiveafloat
typedata(line 5 to 12).

Thenetwork shellis neededto formattypeddatain theapplicationinto streamof untypeddatatransferred
over the network. It may alsobe neededto breakthe byte streaminto packetsthat will be routedover the
network if thedatatransfergoesthroughatransducer. Thenetwork shellis modeledasahierarchicalbehavior
thathasaninstantiationof theapplicationshellbehavior. It mayalsohasa setof adapterchannelinstances
thatperformtheandtyped/untypedconversionand/orpacketization.An exampleof anadapterchannelthat
convertsfloat datatransferinto untypeddatatransferis shown in Figure8 (line 15 to 27).

Rule 9 Thenetworkshellbehaviorcontainsexactlyonebehaviorinstance, whosetypeis anapplicationshell
behavior. It maycontaina setof networkshelladapterchannelinstances.
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Similar to the applicationshell behavior, the network shell behavior hasonly interfaceportsandonly
untypedinterfacetypesareallowed. Theseinterfaceportswill be connectedto the link channelinstances
de�ned in Section3.

Rule 10 A networkshellbehaviorhasonlyinterfaceportsandnovariableports.Theinterfacetypesallowed
areasfollows:

(a) i sender (un-typed)

(b) i receiver (un-typed)

(c) i tranceiver (un-typed)

(d) i send

(e) i receive

(f) memoryinterface(seeSection4)

Rule 11 Thenetworkshellbehaviorof a software PE hasannotation PE BF MODELattachedto it, which
containsthebehaviornameof thePE's bus-functionalmodelstoredin thedatabase.

5.2 Memory-Mapped IO

A designmayusebothsoftwareandhardwarePEs.SoftwarePEsaregeneralpurposeprogrammableproces-
sorswhile hardwarePEsareapplicationspeci�c hardwareunits thatneedto besynthesized.Onecommon
practicefor communicationbetweena processoranda hardwaredevice is by meansof memorymapped-IO.
Basically, the hardwareunit usesit internalmemory, for example,registersasIO portsthat aremappedto
the processor's memoryspace.As such,theseregisterscanbe accessedby the processoras if they were
memories.

For memory-mappedIO, the internalmemoryof a hardwarePEcanbemodeledasa memorybehavior
describedin Section4. (Notethatmemory-mappedIO modelingdoesnot applyto thesoftwareprocessors.)
In this case,a hardwarePEin thenetwork modelis describedasa combinationof a PEbehavior de�ned in
Section5.1andamemorybehavior de�ned in Section4. Morespeci�cally, thememorybehavior instantiated
insidetheapplicationshell implementsanuntypedmemoryinterface,which is propagatedto theapplication
shellbehavior andthenetwork shellbehavior.

However, theapplicationcodeexecutedby thehardwarePEitself mayalsoneedto accesstheregistersas
typeddata.Obviously, thelocal accessesdo not go throughthenetwork. Thereforein this case,thememory
behavior hasto implementanadditionaltypedmemoryinterfacefor thelocal access.An examplecodeof a
hardwarePEbehavior with internalmemoryis shown in Figure9.

6 Communication Elements

Two kinds of communicationelements,namelybridgesand transducers,can be modeledin the network
model.For adetaileddiscussiononbridgesandtransducers,thereaderis referredto FunctionalSpeci�cation
of NetworkExplorer ([?]).
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i n t er f ace i untyped M em1 f
voi d read ( unsi gned l ong , voi d � , unsi gned l ong ) ;
voi d w r i t e ( unsi gned l ong , const voi d � , unsi gned l ong ) ;

g;
5

i n t er f ace i typed M em1 f
shor t r ead x ( voi d ) ;
voi d w r i t e x ( shor t ) ;

g;
10

behav i or Mem1 i mpl ements i untyped M em1 , i typed M em1
f

/ / code ommi ted f or space consi der at i on
g;

15
behav i or Beh( i typed M em1 ) ;

behav i or A ppShel l i mpl ements i untyped M em1
f

20 Mem1 M1;
Beh B1(M1) ;

voi d main ( voi d ) f B1 . main ( ) ; g

25 voi d read ( unsi gned l ong of s , voi d� d , unsi gned l ong l en )
f M1. read ( of s , d , l en ) ; g

voi d w r i t e ( unsi gned l ong of s , const voi d� d , unsi gned l ong l en ) ;
f M1. w r i t e ( of s , d , l en ) ; g

30 g;

behav i or N et Shel l i mpl ements i untyped M em1
f

A ppShel l App ;
35

voi d main ( voi d ) f App . main ( ) ; g

voi d read ( unsi gned l ong of s , voi d� d , unsi gned l ong l en )
f App . read ( of s , d , l en ) ; g

40
voi d w r i t e ( unsi gned l ong of s , const voi d� d , unsi gned l ong l en ) ;
f App . w r i t e ( of s , d , l en ) ; g

g;

Figure9: Examplecodeof memory-mappedIO modeling.
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i mpor t ” i sender ” ;
i mpor t ” i mem1” ;

i n t er f ace i sender L 1
5 f

voi d send L 1 ( voi d � , unsi gned l ong ) ;
g;

i n t er f ace i sender L 3
10 f

voi d send L 3 ( voi d � , unsi gned l ong ) ;
g;

behav i or Br i dge ( i sender L1 , i mem1 L2 , i sender L3)
15 i mpl ements i sender L 1 , i mem1 , i sender L 3

f
voi d main ( voi d )
f
g

20
voi d send L 1 ( voi d � d , unsi gned l ong l en )
f

L1 . send ( d , l en ) ;
g

25
voi d read ( unsi gned l ong of s , voi d � d , unsi gned l ong l en )
f

L2 . read ( of s , d , l en ) ;
g

30
voi d w r i t e ( unsi gned l ong of s , const voi d � d , unsi gned l ong l en )
f

L2 . w r i t e ( of s , d , l en ) ;
g

35
voi d send L 3 ( voi d � d , unsi gned l ong l en )
f

L3 . send ( d , l en ) ;
g

40 g;

Figure10: An exampleof bridge behavior.
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6.1 Bridges

In thenetwork model,a bridgeis modeledasa SpecCbehavior. An exampleof bridgebehavior is shown in
Figure10.

Rule 12 A bridgehasa setof portsof following types:

(a) i sender (un-typed)

(b) i receiver (un-typed)

(c) i tranceiver (un-typed)

(d) i send

(e) i receive

(f) memoryinterface(seeSection4)

Due to the de�ned port types, A bridge can be connectedto either c double handshake ,
c handshake or memoryinstances.

Rule 13 A bridge usuallyimplementsa setof interfaces.Themethodsof the implementedinterfacesmust
havethesameargumentlist as theoneof theport interface. In addition,thenameof the interfacemethods
muststartswith either“send” or “r ead”. Therefore, themethodsmusthaveoneof thefollowingsignatures:

voi d send XXXX ( voi d � , unsi gned l ong ) ;
voi d r ecei ve XXXX ( voi d � , unsi gned l ong ) ;
voi d read XXXX ( voi d ) ;
voi d wr i te XXXX ( voi d ) ;
voi d read XXXX ( unsi gned l ong , voi d � , unsi gned l ong ) ;
voi d wr i te XXXX ( unsi gned l ong , voi d � , unsi gned l ong ) ;

NoteXXXXrepresentsa user-de�nedstring.

The bridgeshown in Figure10 hasthreeports that canbe connectedto two c double handshake
channelinstancesanda memorybehavior respectively. Fromthemodelingpoint of view, a bridgeis just an
transparentadapterthatcallsthesamekind of methodswithoutmodifying thedatatransfer.

Rule 14 A bridgebehaviorhasannotation CE BF MODELattachedto it, which containsthebehaviorname
of thebridge's bus-functionalmodelstoredin thedatabase.

Whena bridgehasonly a port of memoryinterfacetypeandit implementsthesameinterfaceby itself,
thisbridgeis actuallyameorycontroller.

The bridgebehaviors are later replacedwith a bus-functionalmodelduring communicationsynthesis.
Therefore,it musthaveanannotationto inform thecommunicationsynthesizerthenameof its corresponding
bus-functionalmodel.
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# def i ne PACKET SIZE 1

i mpor t ” i sender ” ;
i mpor t ” i r ecei v er ” ;

5
behav i or B uf f er ( i r ecei v er L , i t r an c ei v er R)
f

char buf f er [ PACKET SIZE ] ;

10 voi d main ( voi d )
f

whi l e ( 1)
f

L . r ecei v e(& buf f er [ 0] , PACKET SIZE ) ;
15 R. send(& buf f er [ 0] , PACKET SIZE ) ;

g
g

g;

Figure11: An exampleof buffer behavior.

6.2 Transducers

During network exploration,multiple bussesmay be allocatedto realizethe communicationbetweenPEs.
In the network model, transducerbehaviors may be neededto representthe communicationelementsthat
interfacetwo differentcommunicationprotocolsthroughbuffecanmoring.

A transducermayneedto handdatatransferor data-lesssynchronizationthatinvolvesdifferentprotocols
on its two sides.We will usebuffer behavior to modelthehandlingof datatransferby thetransducerand
repeater behavior to modelthehandlingof synchronizationby thetransducer. A transducerbehavior can
thenbemodeledasapar compositionof asetof buffer andrepeater behavior instances.

As shown in Figure 11, a buffer behavior has two ports, of interface type i sender and
i receiver . (Wewill seelaterthatthesetwo portsareto bemappedto c double handshake channel
instances.)It alsohasa buffer that is thesizeof a packet. Themain() methodis anendlesswhile loop,
wheredatais receivedfrom the i receiver port andstoredin thebuffer beforeit is sentout throughthe
i sender port.

Rule 15 A buffer behavioris a leafbehaviorthathastwoports,onebeingi sender typeandtheother
beingi receiver type.

As shown in Figure12, a repeater behavior hastwo portswhich arei send andi receive inter-
facetype respectively. (We will seelater that thesetwo portsareto bemappedto c handshake channel
instances.)The main() methodis an endlesswhile loop, wheresynchronizationis received from the
i receive portbeforeit is passedthroughthei send port.

Rule 16 A repeater behavioris a leaf behaviorthat hastwo ports, onebeingi sender typeand the
otherbeingi receiver type.

A transducerbehavior is ahierarchicalbehavior thatmayconsistof oneor morebuffer andrepeater
behavior instancesexecutingin parallel.

Rule 17 A transducerbehavioris a hierarchical behaviorthat hasa setof portsanda setof buffer and
repeater behavior instances. The port type can be either i sender , i receiver , i sender , or
i receiver .
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i mpor t ” i send ” ;
i mpor t ” i r ecei v e ” ;

behav i or Repeater ( i r ecei v e L , i send R)
5 f

voi d main ( voi d )
f

whi l e ( 1)
f

10 L . r ecei v e ( ) ;
R. send ( ) ;

g
g

g;

Figure12: An exampleof repeater behavior.

behav i or T ransducer ( i r ecei v er L1 , i sender R1 ,
i sender L2 , i r ecei v er R2 ,
i send L3 , i r ecei v e R3)

f
5 B uf f er b1 ( L1 , R1 ) ;

B uf f er b2 ( R2 , L2 ) ;
Repeater r1 ( R3 , L3 ) ;

voi d main ( voi d )
10 f

par
f

b1 . main ( ) ;
b2 . main ( ) ;

15 r1 . main ( ) ;
g

g
g;

Figure13: An examplecodeof transducer behavior.

15



Rule 18 Insidethe transducerbehavior, no ports of the transducerbehavioris port-mappedto more than
onesub-behavior.

Notetransducerscanbesynthesizedin thesamewayasthehardwarePEsduringtheback-endprocess.

7 Top-Level DesignBehavior

In previoussections,wehavede�nedthesetof modelelementsin anetwork model.In thissectionwepresent
thefollowing ruleson connectingtheelementstogetherto form a network modelthat is a valid input to the
communicationsynthesizer. An examplenetwork modelis shown in Figure14.

i mpor t ” c doubl e handshak e” ;

i n t er f ace i Memory f
voi d read ( unsi gned l ong , voi d � , unsi gned l ong ) ;

5 voi d w r i t e ( unsi gned l ong , voi d � , unsi gned l ong ) ;
g;

behav i or Memory i mpl ements i Memory ;
behav i or MemCntl ( i Memory ) i mpl ements i Memory ;

10 behav i or T ransducer ( i r ecei v er , i sender ) ;
behav i or CPU( i sender , i Memory ) ;
behav i or HW( i r ecei v er ) ;

behav i or Desi gn ( voi d )
15 f

c doubl e handshak e L1 ;
c doubl e handshak e L2 ;

Memory M;
20 MemCntl B(M) ;

T ransducer T( L1 , L2 ) ;
CPU C( L1 , B ) ;
HW H( L2 ) ;

25 voi d main ( voi d )
f

par f
M. main ( ) ;
B . main ( ) ;

30 T . main ( ) ;
C. main ( ) ;
H. main ( ) ;

g
g

35 g;

Figure14: Exampleof a top-level designbehavior code.

Rule 19 Thetop-level designbehaviorof thenetworkmodelis a hierarchical behaviorthat is composedof
following:

(a) instancesof link channelsasde�nedin Section3,
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(b) instancesof PEbehaviors asde�nedin Section5,

(c) instancesof memorybehaviors asde�nedin Section4, and

(d) instanceof CEbehaviors asde�nedin Section6.

Rule 20 Thetop-level behaviorhasexactly onemethod,the main() method,which containsexactly one
statementthat is of par type.

By de�nition of ahierarchicalbehavior ([4]), eachsub-behavior instanceinsidethetop-level behavior can
becalledatmostoncein thepar statement.For example,having two PE1:main() callsin thepar statement
is notallowed.

Rule 21 Insidethetop-leveldesignbehavior, a link channelinstancecanbeconnectedto only twoPEs/CEs.
Each PEor CEhasat mostoneport mappedto a givenlink channel.

Rule 22 In thenetworkmodel,at mostoneCE,eithera bridgeor a transduceris allowedbetweentwoPEs.

Sincea bridgeimplementsinterfaces,it canbemappedto PEportslike thelink channels.A bridgealso
hasasetof portsthereforeit canalsoconnectto aPEusinglink channels.Whenabridgeis connectedto two
PEsthatcommunicatewith each,thefollowing rulehasto beobeyed.

Rule 23 Betweentwo communicatingPEs,onemustbe themasterand theotherbe theslave. If there is a
bridge betweenthem,the bridge mustbe port-mappedto the masterPE and be connectedto the slavePE
throughlink channelinstances.

Notethatthetop-level behavior mayhave a setof portsto communicatewith thetestbenchbehaviors. It
is stronglyrecommendedthat the top-level behavior keepthesamesetof portsif thearchitecturemodelis
derivedfrom a speci�cationmodel.Thesameinterfaceof thetop-level behavior enablesre-useof testbench
behaviors for simulationof thearchitecturemodelwithoutany modi�cation.
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[6] D. Shin,L. Cai,A. Gerstlauer, R.DömerandD. D. Gajski.System-on-ChipTransaction-LevelModeling
StyleGuide, TechnicalReportCECS-TR-04-24,Centerfor EmbeddedComputerSystems,University
of California,Irvine, July2004.
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