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Abstract

1 Intr oduction

Systemdesignin the SoCapproacttakesaninitial speci cationof the systemdown to anactualimplemen-
tation througha seriesof interactve andautomatedsteps. Startingfrom a purely functional descriptionof
the desiredsystembehaior, animplementatiorof the designon a heterogeneousystemarchitecturewith
multiple processingelementgPEs)connectedhroughsystembussesds producedat the end of the design
ow.

This reportdescribesand de nes guidelinesandrulesfor developing SpecCbasedsystemmodelsin
generalandasinputto the SoCtoolsin particular

1.1 SoCDesignFlow

In the SoCdesigno w (Figurel), vedesignmodelsareusedto representhedesignatdifferentabstraction
levels. Thedesignmodelsareexecutablesothatthey canbe simulatedo verify the correctnessf thedesign
andobtaindesignperformancenetricsat eachdesignstep.

The mostabstractmodelis the speci cationmodelthatsenesastheinputto SoCtools. Speci cation
modelis a purefunctionalmodelthat captureghe functionality of the desireddesign. It shouldnot contain
ary implementatiordetails.

The architecture modelis the outputof architectureexploration. It re ects the overall computationar-
chitectureconsistingof processinglementgPESs). The architecturanodelencapsulatethe communication
betweerPEsthroughabstracmessage-passirgpannels.

After network explorationa networkmodelis producedo re ect the communicatiometwork choserfor
thedesign.It representshe allocationandselectionof network stationsandthe links betweerthem. While
the communicatioris end-to-enchetweenPEsin the architecturemodel, it is re ned into point-to-pointin
thenetwork model.

Finally, the communicatioomodelincorporatesus protocolsinto the model. The communicatiormodel
canbepin-accurater transaction-leel. Thetransactiorievel modelabstractsway the pin-accuratgrotocol
details.

All the modelsare capturedn SpecClanguageandthey have to adhereto the syntaxand semanticof
the SpecClanguage.Designersonly needto write the speci cation modelfor the designandthenusethe
toolsto automaticallygeneratehe lower level models. SoCtools alsosupportpartial speci cation,which
allows designerdo startwith a speci cationwith incompletecomputationafunctionality Later designers
canmodify the computatiorpart of the automaticallygenerateanodels. However, for the modi ed models
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Figurel: SoCdesignow.

to bevalid for the SoCtools,they mustfollow certainmodelingrules. This reportin particularde nesthe
modelingstylerequiredfor the SoCnetwork model,which s highlightedin the gure. [4], [5], [7] and[6]
focusonthe modelingstylesof the othermodels.

1.2 SpecCLanguage

The SoCdesign o w is supportedy the SpecCsystem-lgel designlanguag€d[1]). The SpecCanguageas
anexampleof a modernsystem-lgel designlanguaggSLDL) wasdevelopedundersupportand control of
the SpecCTechnologyOpenConsortium(STOC) ([2]) to satisfyall the requirementgor anefcient formal
descriptionof the modelsin the SoCdesign o w. It supportshehaioral andstructuralviews andcontains
featuredor describinga designat all levels of abstraction.

In the SoCdesignow, all ve modelsof the designprocessstartingwith the speci cationmodeland
down to the implementatiormodelare describedn the SpecClanguage.One commonlanguageremoves
the needfor tedioustranslation.Furthermoreall the modelsin SpecCareexecutablewhich allows for vali-
dationthroughsimulationwhile reusingonesingletestbenchhroughouthe whole design o w. In addition,
the formal natureof the modelsenablesapplicationof formal methods.e.g.for veri cation or equivalence
checking.

Notethatthis reportis notintendedo be atutorial of SpecCanguageandwe assumeéhatthe readerof
this reportis familiar with the language.This reportcanbe usedfor two purposesFirst, it canhelpusers
understandhe meaningof the automaticallygeneratechetwork modelsby the network explorer Second,
it canhelp usersmodify the automaticallygeneratechetwork modelssuchthatthey canbe acceptedy the
communicatiorsynthesize([?]).

Therestof the reportis organizedas follows. Section2 presentshe overall structureof a network
model. The major elementsof a network modelaredescribecbneby onein detail. Section3 describeghe
communicatiorthannelsllowedin thenetwork model. Sectiord/describeshemodelingof sharednemories
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in the network model. Section5describeghe guidelinesto modelprocessinglements Section6 describes
the modelingof communicatiorelementssuchas bridgesandtransducersn the network model. Finally,
Section7/describesheruleson how to composehe elementogetherto form anvalid network model.

2 An Overview of Network Model

import " c_double_handshake” ;

behavior Stimulus(i_sender input) f // Stimuli creator
void main(void) f
/I while(...) f ... ; input.send(...) ; ... @
g
g;

behavior Monitor(i_receiver output) f /] Output monitor
void main(void) f
/I while(...) f ... ; output.receive(...) ; ... @
9
g;

behavior Design(i_-receiver input, i_sender output) f // System design
/1

void main(void) f
I/l fsmf ... g
¢}
g9;

behavior Main() f /1 Top level
c_double_handshake input, output;

Stimulus stimulus(input);
Design design(input, output);
Monitor monitor (output);

int main(void) f
par f
stimulus.main();
design.main();
monitor.main();
9
g
g9;

Figure2: Network modeltop-level code.

Figure2 andFigure3 shav anexampletemplatefor a valid network model. A network modelhasto be
anexecutableSpecCmodel,i.e. it hasto de ne aMain behaior. A network modelconsistsof atestbench
that surroundghe actualdesignto be implemented.A testbenchconsistsof stimulating(Stimulus ) and
monitoring(Monitor ) behaiorsthatareexecutingconcurrentlywith thedesign(Design ) in thetop-most
Main behaior, andthatdrive the designundertestand checkthe generateautputagainstknovn golden
outputs.
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Figure3: Network modeltop-level structure.

Theactualdesignto beimplementeds modeledby the designbehavios, suchasbehaior Design and
thosecomposedierarchicallyinsideDesign in Figure/3. Designbehaiors form a hierarcly treeby their
compositionrelations. The root of the tree,for exampleDesign in Figure/3, is calledthe top-level design
behavior

Note that the modelingrulesandrestrictionsde ned in this reportapply only to the designbehaiors
sincethe testbenctbehaiors will not be considerecandtouchedby SoCtools. Thereforthetestbencltan
befreelydescribedisingary valid SpecCcode.For example while the codeof thedesignto beimplemented
hasto be availablecompletelyin SpecCsourceform, thetestbencltanlink againstexternaltranslationunits
(libraries)for additionalfunctionality.

In generalit is hardfor SoCtoolsthemselesto nd out which behaiors aretestbenctbehaiors and
whichareactualdesignbehaiors. Thisdistinctionis madeby thedesignerattachinga prede nedannotation
to the network model.

Rule 1 A networkmodelhas an annotation SERTOPLEVEL which containsthe nameof the top-level
designbehaviorof themodel.
For theexampleshavn in Figure3, the annotationwould look lik e thefollowing:
note _SER.TOPLEVEL = ""Design'"';

Oncethe top-level designbehaior is speci ed, the SoCtools areableto gure out all otherdesign
behaiors.

If we zoominsidethetop-level designbehaior of a network model,we canidentify a setof ner model
elementavhich areusedto captureboththe computatiorarchitectureandthe communicatiometwork.

PE behavios areusedto modeltheprocessinglementsllocatedo performthe desiredcomputation;
Memorybehavios areusedto modelthe memoriesllocatedo storedatasharedvy PEs;

Bridge andtransducetbehavios are usedto modelthe communicatiorelementseededo interface
betweerdifferentcommunicatiorprotocols.

Link channelsareusedto modelthe connectiorbetweerthe processinglementsandthe communica-
tion elements.

Rule 2 Thetop-level designbehaviorof a networkmodelhasthree annotationsattachedto it: _ARPES
NRCESand -CRBUSSES which containthe names,typesand other attributesof processingelements,
communicatiorelement@&ndbussesllocatedfor thedesign.
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In thefollowing sectionswe will de ne thesemodelelementoneby onebeforewe describehow to put
themtogetherto form avalid network model.

3 Link Channels

In the network models,SpecCchannelsareusedto representhe links thatconnectprocessinglementgsee
Section5) andcommunicatiorelementgseeSection6). A link only allows sequentiabnd uni-directional
transactionsTransactionshatmay occurat the sametime mustgo throughdifferentlinks. Thelinks in the
network modelsarelogical sincedifferentlinks maybelaterimplementedn the samephysicalbus.

Network links canbeclassi edbasedntheinformationthey corvey: datalinks areusedfor datatransfer
while syndironizationlinks are usedfor pure synchronizatiorwith no datainvolved. To enableautomatic
communicatiorsynthesisboththedatalinks andthesynchronizatioinks have to berepresentedith certain
typesof channelgle ned in thelibrary.

Rule 3 A datalink is representedvith an instanceof untypedc _double _handshake channelasde ned
in SpecCLanguaye RefeenceManual.

interface i_sender f
void send(const void d, unsigned long 1);
g;

interface i_receiver f
void receive(void d, unsigned long I|);
g,

interface i_tranceiver f
void send(const void d, unsigned long 1);
void receive(void d, unsigned long I|);

g;

Figure4: Interfacesmplementedy c double _handshake channel.

The c _double _handshake channelencapsulatesn-bufferedtype-lessdatatransfer It implements
threeinterfaces:i _sender ,i _receiver andi _tranceiver asshowvn in Figure4.

Rule 4 Asyndronizationlink is representedavith aninstanceof c _handshake channelasde nedin SpecC
Languaye RefeenceManual.

Thec_handshake channekncapsulatesne-wayhandshaksynchronizatiothatdoesnotneedo carry
realdata.lt implementgwo interfacesi _send andi receive asshavnin Figureb.

For moreinformationaboutrulesandexampleson usingc _double _handshake andc_handshake
channelsthe readeris referredto SpecCLanguageReferenceManual([1]). Notethatadditionalruleswill
bepresentedn Section? for connectinghelink channeinstanceso PEports.

4 Memories

In the network models,SpecChehaiors are usedto modelmemorycomponentsvhich storedata. For PE
behaiorsto accesshe storeddata,a memorybehaior hasto implementa memoryinterfacewhich provides



interface i_send f
void send(void);
g,

interface i_receive f
void receive(void);
9;

Figure5: Interfacesmplementedy c _handshake channel.

memoryreadandwrite methods. Sincethe databeingtransferredn the network modelsis untyped,the
memoryinterfaceshouldnot de ne ary type-speci c methods. An examplecodeof memorybehaior is
shawvn in Figurel6.

Rule 5 A memorybehaviorimplementsxactly oneinterface which hastwo methodswith exactly the fol-
lowing signatues:

void read(unsigned long offset, void d, unsigned long size);
void write(unsigned long offset, void d, unsigned long size);

Theread methodreadssizebytesfrom the memorylocation startingat offset and putsthemin the
variablewhich is pointedby d. Corversely thewrite methodwrites sizebytesdatapointedby d to the
memorylocationstartingat offset

Rule 6 A memorybehaviormustnot haveany ports, channelinstancesand sub-behavioiinstances.It has
only onevariablememwhich is a C struct  that exactly describeghe actual sizes(in termsof numberof
bytes)andthelocationsof all variablesstoredin thememory

Note that the actualsizesfor a samedatatype may vary from processoto processaor For example,a
short mayoccupy two bytesin oneprocessowhile four bytesin another Assigninglocationsto variables
hasto take the alignmentfactorinto account:cana variablestartat byte, word or double-word boundary?
If necessarypaddinghasto be usedto make surethat variablesalign correctly In the exampleshowvn in
Figure6) thetwo variablesstoredin thememory(x andy) arepacledinto the structvariablemem Herewe
assumehesizeof short typeis two bytesandthesizeof float  typeis four bytes.We alsoassumehata
variablecanstartatword boundary

Notethatthebodyof themain() methodis empty i.e. it doesnotdo arnything. Otherthanthemain()
methodandthe memoryinterfacemethodsthe memorybehaior shouldnotimplementary othermethods.

Rule 7 Each memorybehaviormusthavea PE BF_ MODElannotationwhich containsthe behaviorname
of the memorys bus-functionaimodelstoredin thedatabase

In orderto helpthe communicatiorsynthesizetocatethe bus-functionaimodelof thememory ananno-
tation BF_MODEImustbe attachedo the memorybehaior. For example,
Meml. PE_.BF_.MODEL = "' Samsungn_BF'";

tells the communicatiorsynthesizethat the behaior nameof the memorys bus-functionalmodelis Sam-
sungBF.



#include < string.h>

interface i_Meml
f
5 void read(unsigned long, void , unsigned long);
void write(unsigned long, const void , unsigned long);

g;

behavior Meml implements i_Meml

10 f
struct f
char x[2]; /1 short x;
char y[40]; /I float y[10];
g mem;
15

void write(unsigned long ofs, const void data, unsigned long len)
f

char ptr;
ptr = (char ) &mem;
20 memcpy ( ptr + ofs, data, len);

g

void read(unsigned long ofs, void data, unsigned long len)
f
25 char ptr;
ptr = (char ) &mem;
memcpy (data, ptr + ofs, len);
g

30 void main(void)
f
g

Figure6: An exampleof memorybehaior.



5 Processingelements

In anetwork modeleachprocessinglements representetly a PE behavior The PEbehaior speci esthe
functionalityto beimplementedy the PEratherthantheinternalstructureof the PE. The basicfunctionality
of aPEis dataprocessingr computation.

In general,a PE performscomputationon typed data, suchasinteger andfloat . However, as
we have de ned earlief PEsin the network modelsmustexchangedatathroughc _double _handshake
channelswhich only provide type-lessdatatransfer ThereforePE behaiors in the network modelsmust
modelthe formattingbetweertypeddataandtype-lesdata.

In a network model,transducersnay be neededo interfacetwo busseswith incompatibleprotocols. It
may happerthat datatransfersbetweenwo PEshave to go througha transducewhenthe communicating
PEsareconnectedo two bussesvith incompatibleprotocols.Basically thetransducerecevesthedatafrom
one PE, buffersit andthensendit out to the otherPE. Usually a transducehasa nite amountof internal
buffer, which limits the sizeof dataexchangedetweerthetransduceandthe PEsin onetransactionlin this
case,PEshave to breakdatainto smallerpadketsto avoid over ow in thetransducebuffer. ThereforePE
behaiorsin the network modelsmustalsomodelthe pacletizationprocessif necessary

5.1 Two-ShellStructure

{ N\
Network
{ . .
Application Shell
B1 Shell
CA2 CAL
v2
1
T
I
B2 B3
c1 CA3
| 1
\
. J

Figure7: Two-shellPEstructure.

In orderto separat¢hemodelingof applicationdomainfrom thatof network domainsupportatwo-shell
modelingstyle (Figurg7) hasto befollowedin a PEbehaior.

The inner applicationshell behaior encapsulatethe computatiorrequiredby the applicationexecuted
on the PE. In generalthe applicationshell behaior is hierarchicallycomposedf smallerbehaiors (B1,
B2 andB3), whereeachcontainsa pieceof the compuationassignedo the PE. To modelinterbehaior
communicatiorinsidethe applicationshell, both channelqC1) andvariables(v2) canbe connectedo the
behaior ports(smallsquarest behaior boundary).The modelingstylesinsidethe applicationshellcanbe
foundin SpecCspeci cationmodelreferencamanual.

However, theapplicationshellbehaior canonly have interfacetype portsandno variableports. Further
more,only certaininterfacetypesareallowedfor the ports.

Rule 8 An applicationshell behaviorhasonly interfaceports and no variable ports. Theinterfacetypes
allowedare asfollows:
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(@) i _sender (typedor un-typed)

(b) i _receiver (typedor un-typed)
(c) i _tranceiver (typedor un-typed)
(d) i _send

(e) i _receive

() memoryinterface(Sectiord)

import " c_double_handshake” ;
#include <c_typed_double_handshake. sh>

| create " float” type interface "i_datal_tranceiver” /
DEFINE_I_TYPED_TRANCEIVER(datal , float)

/| create " float” type interface "i_datal_sender” /
DEFINE_I_TYPED_SENDER(datal, float)

/| create "float” type interface "i_datal_receiver” |/
DEFINE_I_TYPED_RECEIVER(datal, float)

channel adapter (i_tranceiver link) implements
i_datal_sender , i_datal_receiver
f
void receive(float datal)
f

link .receive(datal, sizeof (float));
g
void send(float datal)
f
link . send(& datal , sizeof (float));
g
g;

Figure8: Examplecodeof anadapteichannel.

Theexampleshowvn in Figuré8illustrateshow to createtypedinterfaceghatsendand/omreceve afloat
typedata(line 5to 12).

Thenetwork shellis neededo formattypeddatain theapplicationinto streanof untypeddatatransferred
over the network. It may alsobe neededo breakthe byte streaminto pacletsthatwill be routedover the
network if thedatatransfergoesthroughatransducerThenetwork shellis modeledasahierarchicabehaior
thathasan instantiationof the applicationshellbehaior. It mayalsohasa setof adapterchannelinstances
thatperformthe andtyped/untypedorversionand/orpacletization. An exampleof anadapterchannekhat
convertsfloat  datatransferinto untypeddatatransferis shovn in Figure8 (line 15to 27).

Rule 9 Thenetworkshellbehaviorcontainsexactlyonebehaviorinstancewhoseypeis anapplicationshell
behavior It maycontaina setof networkshelladapterchannelinstances.



Similar to the applicationshell behaior, the network shell behaior hasonly interfaceportsand only
untypedinterfacetypesare allowed. Theseinterfaceportswill be connectedo the link channelinstances
de nedin Section3.

Rule 10 A networkshellbehaviorhasonlyinterfaceportsandnovariableports. Theinterfacetypesallowed
are asfollows:

(@) i _sender (un-typed)

(b) i _receiver (un-typed)
(c) i _tranceiver (un-typed)
(d) i _send

(e) i _receive
() memonyinterface(seeSectiord)

Rule 11 Thenetworkshellbehaviorof a softwae PE hasannotation_.PE_.BF_.MODEIlattachedto it, which
containsthe behaviornameof the PE's bus-functionaimodelstoredin the database

5.2 Memory-Mapped IO

A designmayusebothsoftwareandhardware PEs.SoftwarePEsaregenerapurposgrogrammablgroces-
sorswhile hardware PEsare applicationspeci ¢ hardware units that needto be synthesized Onecommon
practicefor communicatiorbetweera processoanda hardwaredevice is by meansof memorymapped-10.
Basically the hardware unit usesit internalmemory for example,registersas|O portsthat are mappedo

the processos memoryspace. As such,theseregisterscanbe accessedy the processomsif they were
memories.

For memory-mappedoO, the internalmemaoryof a hardware PE canbe modeledasa memorybehaior
describedn Sectiori4. (Notethatmemory-mappedO modelingdoesnot applyto the softwareprocessors.)
In this casea hardware PEin the network modelis describedasa combinationof a PE behaior de ned in
Sectionb.1andamemorybehaior de nedin Sectiord. More speci cally, thememorybehaior instantiated
insidethe applicationshellimplementsanuntypedmemoryinterface,whichis propagtedto theapplication
shellbehaior andthe network shellbehaior.

However, theapplicationcodeexecutedby thehardwarePEitself mayalsoneedto accessheregistersas
typeddata.Obviously, thelocal accessedo not go throughthe network. Thereforein this casethe memory
behaior hasto implementan additionaltypedmemoryinterfacefor the local accessAn examplecodeof a
hardwarePE behaior with internalmemoryis shavn in Figure9.

6 Communication Elements

Two kinds of communicationelements namelybridgesand transducersgcan be modeledin the network
model.For adetaileddiscussioron bridgesandtransducerghereadetis referredto FunctionalSpeci cation
of NetworkExplorer ([?]).

10



interface i_untyped_Mem1 f

void read(unsigned long, void , unsigned long);

void write(unsigned long, const void , unsigned long);
g;

5
interface i_typed_-Meml f
short read_x(void);
void write_x (short);
g;
10
behavior Meml implements i_untyped_Meml, i_typed_-Mem1l
f
// code ommited for space consideration
g;
15

behavior Beh(i_typed_Mem1);

behavior AppShell implements i_untyped_Meml
f
20 Meml M1,
Beh B1(M1);

void main(void) f Bl.man(); g

25 void read(unsigned long ofs, void d, unsigned long len)
f Ml.read(ofs, d, len); g

void write(unsigned long ofs, const void d, unsigned long len);
f M1.write(ofs, d, len); g
30 g;

behavior NetShell implements i_untyped_Meml
f
AppShell App;

35
void main(void) f App.man(); g
void read(unsigned long ofs, void d, unsigned long len)
f App.read(ofs, d, len); g

40

void write(unsigned long ofs, const void d, unsigned long len);
f App.write(ofs, d, len); g

Figure9: Examplecodeof memory-mappetO modeling.

11



import "i_sender”;
import "i_meml”;

interface i_sender_L1

5 f
void send_L1(void , unsigned long);
9;
interface i_sender_L3
10 f
void send_L3(void , unsigned long);
g9;

behavior Bridge(i-sender L1, i_meml L2, i_sender L3)
15 implements i_sender_L1, i_meml, i_sender_L3
f
void main(void)
f

g
20
void send_L1(void d, unsigned long len)
f
L1.send(d, len);
g
25
void read(unsigned long ofs, void d, unsigned long len)
f
L2.read (ofs, d, len);
g
30
void write(unsigned long ofs, const void d, unsigned long len)
f
L2.write(ofs, d, len);
g
35
void send_L3(void d, unsigned long len)
f
L3.send(d, len);
g
40 gQ;

Figure10: An exampleof bridge behaior.

12



6.1 Bridges

In the network model,a bridgeis modeledasa SpecChehaior. An exampleof bridgebehaior is shavn in
Figure10.

Rule 12 A bridge hasa setof portsof following types:
(@) i _sender (un-typed)

(b) i _receiver (un-typed)

(c) i _tranceiver (un-typed)

(d) i _send

(e) i _receive

() memoryinterface(seeSectioré)

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. The methodsof the implementednterfacesmust
havethe sameargumentlist asthe oneof the port interface In addition, the nameof the interfacemethods
muststartswith either“send” or “r ead”. Theefore, themethodsnusthaveoneof thefollowing signatues:

void send_XXXX(void , unsigned long);

void receive_XXXX(void , unsigned long);

void read XXXX(void);

void write.XXXX(void);

void read_XXXX(unsigned long, void , unsigned long);
void write_XXXX(unsigned long, void , unsigned long);

Note XXXXrepresentsa userde nedstring.

The bridge shavn in Figurel10 hasthreeportsthat canbe connectedo two ¢ _double _handshake
channeinstanceanda memorybehaior respectiely. Fromthe modelingpoint of view, a bridgeis justan
transparenadaptethatcallsthe samekind of methodswithout modifying the datatransfer

Rule 14 A bridge behaviorhasannotation.CE_ BF_MODElattachedto it, which containsthebehaviomame
of thebridge's bus-functionaimodelstoredin thedatabase

Whena bridge hasonly a port of memoryinterfacetype andit implementshe sameinterfaceby itself,
this bridgeis actuallya meorycontroller

The bridge behaiors are later replacedwith a bus-functionalmodel during communicationsynthesis.
Thereforejt musthave anannotatiorto inform thecommunicatiorsynthesizethenameof its corresponding
bus-functionaimodel.

13
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#define PACKET_SIZE 1

import "i_sender”;
import "i_receiver”;
behavior Buffer(i_receiver L, i_tranceiver R)

f
char buffer [PACKET_SIZE];

void main(void)
f
while (1)
f
L.receive(&buffer[0], PACKET_SIZE);
R.send(& buffer [0] , PACKET_SIZE);
¢}
9
g;

Figurell: An exampleof buffer  behaior.

6.2 Transducers

During network exploration, multiple busseanay be allocatedto realizethe communicatiorbetweenPEs.
In the network model, transducetbehaiors may be neededo representhe communicatiorelementghat
interfacetwo differentcommunicatiorprotocolsthroughbuffecanmoring.

A transducemayneedto handdatatransferor data-lessynchronizatiorthatinvolvesdifferentprotocols
onits two sides.We will usebuffer behaior to modelthe handlingof datatransferby thetransduceand
repeater behaior to modelthe handlingof synchronizatiorby thetransducerA transducebehaior can
thenbemodeledasapar compositionof asetof buffer andrepeater behaior instances.

As shavn in Figure 11, a buffer behaior has two ports, of interface type i _sender and
i _receiver . (Wewill seelaterthatthesetwo portsareto bemappedo c _double _handshake channel
instances.)t alsohasa buffer thatis the sizeof a paclet. Themain() methodis anendlessvhile loop,
wheredatais recevedfrom thei _receiver  portandstoredin the buffer beforeit is sentout throughthe
i _sender port.

Rule 15 A buffer behavioris a leaf behaviorthat hastwo ports,onebeingi _sender typeandtheother
beingi _receiver type

As shavn in Figure12, arepeater behaior hastwo portswhicharei _send andi _receive inter-
facetyperespectrely. (We will seelaterthatthesetwo portsareto be mappedo ¢ _handshake channel
instances.)The main() methodis an endlesswhile loop, wheresynchronizations receved from the
i _receive portbeforeit is passedhroughthei _send port.

Rule 16 A repeater behavioris a leaf behaviorthat hastwo ports, onebeingi _sender typeandthe
otherbeingi _receiver type

A transducebehaior is ahierarchicabehaior thatmayconsistof oneor morebuffer andrepeater
behaior instancegxecutingin parallel.

Rule 17 A transducetbehavioris a hierarchical behaviorthat hasa setof portsanda setof buffer and
repeater behaviorinstances. The port type can be eitheri _sender , i receiver , i _sender , or
i _receiver
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import "i_send”;
import "i_receive”;
behavior Repeater(i-receive L, i_send R)
5 f
void main(void)
f
while (1)
f
10 L.receive();
R.send ();
g
g
9;

Figure12: An exampleof repeater

behaior.

behavior Transducer(i_receiver L1, i_sender R1,
i_sender L2, i_receiver R2,
i_send L3, i_receive R3)

5 Buffer bl(L1, R1);
Buffer b2(R2, L2);
Repeater r1(R3, L3);

void main(void)

10 f
par
f
bl.main();
b2.main();
15 ri.main();
g
g
g;

Figure13: An examplecodeof transducer

15
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Rule 18 Insidethe transducetbehavioy no ports of the transducetbehavioris port-mappedo more than
onesub-behaviar

Notetransducersanbe synthesizedh the sameway asthe hardwarePEsduringtheback-endorocess.

7 Top-Level DesignBehavior

In previoussectionswe have de nedthesetof modelelementsn anetwork model.In this sectiorwe present
thefollowing ruleson connectinghe elementdogetherto form a network modelthatis a valid inputto the
communicatiorsynthesizerAn examplenetwork modelis shovn in Figure14.

import "c_double_handshake” ;

interface i_Memory f
void read(unsigned long, void , unsigned long);
void write(unsigned long, void , unsigned long);
g;

behavior Memory implements i_Memory;

behavior MemCntl(i_-Memory) implements i_Memory;
behavior Transducer(i_receiver , i_sender);
behavior CPU(i-sender , i_Memory);

behavior HW(i_receiver);

behavior Design(void)

f
c_double_handshake L1;
c_double_handshake L2;

Memory M;
MemCntl B(M);
Transducer T(L1, L2);
CPU C(L1, B);
HW H(L2);

void main(void)
f
par f

.main();
.main();
.main();
.main();
.main ();

To-4w=z?®

Figure14: Exampleof atop-level designbehaior code.

Rule 19 Thetop-level designbehaviorof the networkmodelis a hierarchical behaviorthat is composeaf
following:

(a) instancef link channelsasde nedin Section3,
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(b) instancesf PE behavios asde nedin Sectionb,
(c) instanceof memonybehavios asde nedin Sectiord, and
(d) instanceof CE behavios asde nedin Sectionb.

Rule 20 Thetop-level behaviorhasexactly onemethodthe main() method,which containsexactly one
statementhatis of par type

By de nition of ahierarchicabehaior ([4]), eachsub-behwior instancansidethetop-level behaior can
becalledatmostoncein thepar statementFor example having two PE1:main() callsin thepar statement
is notallowed.

Rule 21 Insidethetop-level designbehaviora link channelinstancecanbeconnectedo onlytwo PES/CEs.
Ead PE or CE hasat mostoneport mappedo a givenlink channel.

Rule 22 In the networkmodel,at mostoneCE, eithera bridge or a transduceiis allowedbetweertwo PEs.

Sincea bridgeimplementdnterfacesjt canbe mappedo PE portslike thelink channels A bridgealso
hasa setof portsthereforet canalsoconnecto a PEusinglink channelsWhenabridgeis connectedo two
PEsthatcommunicatevith each thefollowing rule hasto be obeyed.

Rule 23 Betweertwo communicatind®Es,onemustbe the masterandthe otherbetheslave If thereis a
bridge betweerthem,the bridge mustbe port-mappedo the masterPE and be connectedo the slavePE
throughlink channelinstances.

Notethatthetop-level behaior mayhave a setof portsto communicatevith thetestbenctbehaiors. It
is stronglyrecommendedhat the top-level behaior keepthe samesetof portsif the architecturenodelis
derivedfrom a speci cationmodel. The sameinterfaceof thetop-level behaior enablege-useof testbench
behaiors for simulationof the architecturenodelwithoutary modi cation.
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