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Abstract— Communication exploration has becomea critical
stepduring SoCdesign.Researchersin the CAD community have
proposedfast and ef�cient techniquesfor comprehensive design
spaceexploration to expedite this critical designstep. Although
theseadvanceshave beenhelpful in reducingthe designtime sig-
ni�cantly , the overall design time of the systemis still a bottle-
neck. All these techniquesassumethe availability of an initial
SoCinput model with explicit communication,whosequality sig-
ni�cantly impacts the effectivenessof the communication explo-
ration techniques. Today, theseinitial modelsneedto be manu-
ally written by engineers,which is tedious,error-proneand time
consuming. In fact, our studieson industrial-size exampleshave
shown that about 50% of the communication exploration time is
spenton codingand re-codingof the initial speci�cation model. In
this paper, weproposean ef�cient interactiveapproachto explicit
communicationcreationby automating someof the commoncod-
ing tasks in speci�cation modelsfor communication exploration.
Our resultsshow signi�cant savings in designertime.

I . INTRODUCTION

Theincreasingpopularityof MPSoCarchitectureshasmade
the task of communicationexploration more signi�cant than
ever. Researchershave proposeddifferentcommunicationex-
ploration techniquesto facilitateearly determinationof com-
municationarchitectureand con�gurations. By conducting
the explorationat higherabstractionlevels, suchasTLM [4],
CCATB [10], it is possibleto explore,evaluateandverify dif-
ferentcommunicationarchitecturesearly in the designcycle.
All thesetechnologicaladvancesalongwith theprogressesin
the areaof codepro�ling, codere�nement andaccurateper-
formanceandpower estimationhave signi�cantly reducedthe
overall developmenttime of embeddedsystems.However, de-
signtime is still a bottleneckin theproductionof systems,and
further reductionthroughautomationis necessary. Onecriti-
cal aspectneglectedin optimizationefforts sofar is thedesign
speci�cationphase,wheretheintendeddesignis capturedand
modeledfor usein thedesign�o w.
Eachdesign�o w expectsa speci�c typeof input model. This
modelneedsto beeitherhand-writtenfrom scratch,or adapted
from an initial referencemodel. While muchof the research
hasfocusedon SoCsynthesisandre�nement tools, little has
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beendoneto supportthedesignerin forming theseinput mod-
els.

A. Motivation

Most of the existing communicationexploration design
�o wsstartwith aninitial executablemodelwith acommunica-
tion structureassupportedby thetool. Thesemodelsarewrit-
tenby designerswho needto understandtherequirementsand
the limitations of the tool. Given a suitableinitial model,the
communicationexplorationis usuallyconductedautomatically
usingsuccessivere�nementsteps.However, oftenthereis little
or no tool supportin creatingtheinitial inputmodel.Sincethe
quality of the communicationexplorationdependslargely on
thequalityof thismodel,designershave to investconsiderable
timeandeffort in codingandre-codingthemodel.

A.1 Study of MP3 DecoderDesign

In orderto studythe intricaciesandcomplicationsinvolved in
writing apropersystemspeci�cationmodel,wehaveapplieda
top-down designmethodology, shown in Figure1, to theexam-
ple of a MP3 audiodecoder, an industry-sizeapplication.The
�gure showsthecompletedesign�o w startingfrom anabstract
referencemodeldown to theimplementationmodel.In thispa-
per, we only focuson there�nementstepsthatwerenecessary



to generatetheArchitecturalModel for communicationexplo-
ration.
The communicationexploration is undertaken after different
hardware-software partitions in the designare identi�ed and
mappedontorespective processingelements.During commu-
nicationexploration,differentbusarchitecturesandcon�gura-
tionsarethenevaluatedandthemostsuitablecommunication
alternative,meetingpower andperformancerequirement,is �-
nalized.Theotherkey taskinvolvedduringthisstepis thecom-
municationre�nement,duringwhichthedecisionsmadeby the
designerareimplementedto generateanexecutablemodel.As
shown in Figure1, thetaskof communicationexplorationwas
automated,to the extent that model generationis fully auto-
matic,andthe designeronly makesthe designdecisionssuch
as bus allocation,mappingand scheduling. Due to this au-
tomation,startingfrom a PartitionedModel 1, we were able
to exploredifferentcommunicationalternatives[1] andimple-
mentthebus-functionalmodelof theMP3decoderin lessthan
1 day. However, specifyingpropercommunicationstructure
in theinitial PartitionedModel wasthemainbottleneckof the
wholeprocess.ForourMP3designexample,morethan75%of
theoverallcommunicationexplorationtimewasspentoncreat-
ing this model.Also, we needto emphasizethatcapturingthis
modelis notaonetimetask.Every timeachangein thedesign
is requiredfor a successfulre�nementstep,it is necessaryto
re-code/changethe input speci�cation,makingthewhole task
of codingmodeliterative. Suchinterruptionsin thedesign�o w
causecostlydelays.Theimportanceof this re-codingeffort is
alsoemphasizedin [6, 3].
In conclusion,any steptowardautomationof modelcodingand
re-codingis highlydesirableandwill likely improveoverallde-
sign time signi�cantly. In SectionII, we discussspeci�cation
modelinggoals,anda modelingexample,followedby related
work. In SectionIII, we presentour solutionto themodeling
problem,aninteractive sourcere-coder. In SectionIV we will
presentthe re�nement tasksin our sourcere-coderthat sim-
plify andspeed-upthecreationof aproperArchitectureModel.
SectionV lists our experimentalresults.Finally, we will draw
conclusionsandoutlinefuturework in SectionVI.

I I . MODEL RE-CODING

To addressthebottleneckof modelre-coding,we will now
�rst describethesigni�canceof having agoodmodelfor com-
municationexploration,andthenanalyzethe variousstepsof
this re-codingtaskby useof asimpleexample.

A. Signi�canceof Explicit Communicationin SoCSpeci�ca-
tion

To enablefast and ef�cient communicationexploration, a
propercommunicationstructurein the initial speci�cation is
necessaryfor the re�nementtools to functionandto beeffec-
tive. Separationof the computationfrom the communication
aspectsin the speci�cation makes automaticcommunication
re�nement and exploration possible[2]. Figure 2 shows the

1Notethat thegenerationof PartitionedModel from ReferenceModel is a
separateproblemandis notdiscussedin thispaper.
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Fig. 2. Signi�canceof explicit SoCcommunication.

bene�t of having a propermodelby meansof a simpli�ed ex-
ample.InputModel-1hasthecomputationinterleavedwith the
communication,makinganalysisdif�cult for automaticexplo-
rationtools.Architecture-1is theonlypossibleimplementation
throughautomation. In contrast,the Input Model-2 captures
all thecommunicationbetweenthedesignpartitionsexplicitly
using synchronizingchannels,thus enablingmultiple explo-
rationsalternatives,Architecture-1,Architecture-2andmore.
Globalvariablesin PartitionedModels,suchasthe�rst model
in Figure 2, are commonlyused,especiallywhen the Parti-
tionedmodelitself is re-codedfrom a C like referencemodel.
Globalvariableshidethecommunicationbetweenfunctionsin
aprogrambecausethey donotappearasfunctionparametersor
returnresultsof functions. Sincethey becomeglobally avail-
ableto all the functionsin theprogram,programmersusethis
featurefor convenience.However, a goodspeci�cationmodel
requiresthecommunicationmodeledexplicitly, separatedfrom
thecomputation.So,thehiddencommunicationthroughglobal
variablesmustbeexplicitly exposed.

B. Re-codingto ExposeCommunication

Figure3 shows thetypical re�nementstepsnecessaryto re-
codea PartitionedModel into a properlystructuredSoCAr-
chitectureModel. We startwith a PartitionedModel, in which
eachpartitionrepresentsthetasksrunningondifferentProcess-
ing Elements(PEs).Eachpartitionmight in turn containmore
behaviors within them.Thepartitionscommunicatewith each
other using global variablesjust like the way its ancestorC
referencemodeldid. In the �rst step,we reducethe number
of suchglobal variablesby localizing them. During this opti-
mizationstep,any globalvariablewhoseusageis restrictedto
just oneof thebehavior blocksis moved into that leaf behav-
ior in thepartition.Thisoperationdoesnot introduceany other
changesandappliesonly to variableswhoseaccessis restricted
to justonebehavior.
In thesecondstep,the implicit accessof datathroughtheuse
of the remainingglobal variablesis replacedby making ac-
tual connectionsinto eachpartitions. That is, the global vari-
ablesthataresharedacrossthemultiplepartitionsor behaviors
arenow madeaccessibleonly throughports. This meansthat
every accessto the global variableis replacedwith an access
to a correspondingport in all levels of structuralhierarchy in
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eachpartition. If necessary, the changesarealsopropagated
into functionsby introducingnew functionparametersandar-
guments.Theoriginalglobalvariableis deleted.
In thethird step,theaccessto thevariablessharedacrosseach
of thesepartitionsaresynchronizedby replacingthevariables
with communicationchannels. All the accessesto variables
in eachpartitionarereplacedwith useof anappropriateinter-
facefunction(Send/Receiveor read/write) implementedby the
channel. The resultingArchitectureModel after thesetrans-
formationsis thensuitablefor communicationexplorationbe-
causenow the communicationacrosspartitions is explicitly
capturedusing synchronizingchannelsand ports which rep-
resentfuturebus.Sincethecommunicationto bemappedonto
the busesis completelyexposed,designtools are free to ex-
ploreunlimitedalternatives. Most of thestepsperformeddur-
ing communicationexplorationcannow beautomated.

C. AutomatedRe-Coding

Apart from thetimeconsumingmundanetextualoperations,
re-codinga modelinvolvesa lot of decisionmaking.Many of
thesedecisionscanonly be taken by the designer. Sincethe
modelbeinggenerateddependson the tool it will be input to,
only the designercandecideon its structure.Apart from this
reason,therearesomescenarioswherecompleteautomation
cannotbepossible.For example,while determiningtheaccess
informationof global variables,the designerhasto dealwith
pointers.Sincepointeranalysis[5] is a problemlingering for
many years,userinteractionbecomesnecessaryto generateef-
�cient andoptimizedmodels.Thus,decisionsneedto betaken
by the designer, but the tediousrecodingof the modelcanbe
automated.
To leveragetheideaof effectiveautomation,weneedto distin-
guishre-codingtasksthatcanbeautomatedfromdecisiontasks
that requiredesigner's knowledge. Textual re-codingopera-
tions suchaschangingscopeof variables,replacingvariables
and their accesswith channelequivalents,changingvariable
types,introducing/deletingportsthroughthehierarchy, canbe
automatedif thedecisionis madeby thedesigner. By suchan
automation,thedesigneris relievedfrom mundanetext editing
tasksandcanfocusonactualmodelingdecisions.
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Fig. 4. ConceptualStructureof theSourceRe-Coder.

D. RelatedWork

Many of thesystemsynthesisdesign�o ws proposedby re-
searchersin the pastprovide little or no supportin modeling
the initial systemArchitectureModel. Thedesignerhasto in-
vestsigni�cant time to createthis speci�cation. For example,
[12] presentsa methodologyto automaticallygeneratemodels
andimplementationsof network-orientedSoCmodels.But the
design�o w startsfrom an architecturemodelwhich needsto
be provided by the designer. [10] proposesa higher model-
ing abstractionfor bus-basedcommunicationexploration,but
the creationof the initial modelof acceptablequality for ex-
plorationhasto beperformedby thedesigner. [8] focuseson
automatingmappingof communicationbetweensystemcom-
ponentsonto a communicationarchitecturetemplate,but re-
quiresaninitial systemspeci�cationpartitionedinto hardware
andsoftwarefrom thedesigner.
Throughour transformationswe provide fasterand ef�cient
meansof creatinga suitableArchitecturemodel.Our transfor-
mationsareinteractive andgive thedesignercompletecontrol
(”designer-in-the-loop”) to code/re-codethemodelin orderto
arriveat themostsuitabledesignimplementation.
Further, the ideaof interactive transformationshasbeenem-
ployed successfullyin the parallel programmingparadigm.
The ParaScopeeditor [7] for Fortran and SUIF explorer [9]
for C/Fortranprovide programtransformationsto parallelizea
programrelieve the programmerfrom tediousmanualtyping.
SUIF explorer, which is basedon the SUIF compiler infras-
tructure,provides graphicalmeansof settingcompilerdirec-
tives,but doesnotsupportediting.ParaScopeprovidestheuser
with powerful interactive programtransformationsandrecon-
structsthedependency information,incrementally, while edit-
ing. Of all, ParaScopecombinesthemostfeatures.Ourgoalis
to build similarandmoreadvancedcapabilitiesinto oursource
re-coder, aimingatadvancedfeaturesfor analysisandtransfor-
mationsfor ef�cient creationof effectivesystemspeci�cations
in SLDL. Our work will augmenttheexisting design�o ws by
providing furtherautomation.

I I I . INTERACTIVE SOURCE RE-CODER

To aid the designerin codingandre-coding,we proposea
sourcere-coder. Our sourcere-coderis a controlled,interac-
tive approachto implementanalysisandre�nement tasks. In
otherwords,it is an intelligent union of editor, compiler, and
powerful transformationandanalysistools. Unlike otherpro-
gramtransformationtools, our re-coderkeepsthe designerin
theloopandprovidescompletecontrolto generateandmodify
a model suitablefor her/hisdesign�o w. By making the re-



codingprocessinteractive, we rely on the designerto concur,
augmentor overruletheanalysisresultsof thetool, andusethe
combinedintelligenceof there-coderandthedesignerfor the
modelingtasks.
Our re-codersupportsre-modelingof SLDL modelsat all lev-
elsof abstraction.It canbeusedto re-codeintermediatedesign
modelsaswell asthe referenceC implementationto generate
theinitial speci�cationmodel.Theconceptualstructureof our
sourcere-coderis shown in Figure 4. It consistsof 5 main
components:

� A textualeditormaintainingthetextualdocumentobject
� An AbstractSyntaxTree(AST) of thedesignmodel
� Preprocessorand Parserto convert the documentobject

into AST
� Transformationandanalysistool set
� Codegeneratorto applychangesin theAST to thedocu-

mentobject

A QT [13] andScintilla [11] basedtextualeditoris thefront-
endof oursourcere-coder. Theeditoris adaptedto provideba-
sic featureslike syntaxhighlighting,auto-completion,search,
ctags,text folding, bookmarks,undo-redo,andmore,for pro-
gramminglanguagesincludingC andC++,andSLDLs SpecC
[2] andSystemC.
TheAST [14], maintainsacomprehensivedatastructureof the
designneededfor analyzingandtransformingtheprogramand
alsoprovidesa setof operationson eachobject. This AST is
createdby a parserwhenthe �le is initially loadedandsubse-
quentlyis incrementallymaintainedwith designer's actions.
The transformationand analysistool set is the heart of our
sourcere-coder. All re-codingtasksinvoked by the userare
implementedby thesere�nement tools. When the designer
pointsto an object in the sourcewindow, a nodecorrespond-
ing to thepointedco-ordinatesis locatedin theAST, anda list
of availableandpossibleoperationsareprovided in a context
menu.For example,whenthedesignerpointsto a globalvari-
able,thenthelist of possibletransformationsincludeschanging
its scope,renaming,deleting,and�nding dependents.A SLDL
sourcecodegeneratorprovidesthenecessaryupdateof text in
theeditorwhenthemodi�cations aremadeto theAST by the
transformationtools.

IV. EXPOSING COMMUNICATION

We will now discussspeci�c transformationsnecessaryto
createan ArchitectureModel suitablefor communicationex-
ploration, as outlined in Figure 3. Exposingcommunication
meansto makethecommunicationbetweendifferenthardware
software partitionsexplicit. This involves 3 main tasks,Lo-
calizingglobalaccesses,establishingexplicit connectivity and
introducingsynchronization.Thesestepsarediscussedin de-
tail in thefollowing sections.

A. LocalizeGlobalAccesses

In the�rst step,globalvariables,whoseusageis restrictedto
just oneof thepartitions,aremademembersof thatpartition.
Suchscenariosoftenoccurin partitionedmodelsobtainedfrom
a C referenceimplementation.Localizing suchvariableswill

eliminatethe unnecessarycommunicationbetweenthe parti-
tions and also makes the analysisof the speci�cation easier
whichenablesfurtheroptimization.Figure5(a)showsasimple
initial modelin SpecCSLDL. Themodi�ed modelafterlocal-
izing 2 of the global variablesis shown in Figure5(b). The
variablesR1andR2aremademembersof theblocksin which
they areused.Theprocedureimplementingthistransformation
is givenbelow.

� Fromthecurrentcursorposition,locatetheglobalvariable
pointedto by thedesigner

� Find the list of behaviors and functions accessingthis
globalvariable.

� Move thisvariableinto theonly behavior accessingit and
deletetheglobalvariable

B. Explicit Connectivity

To enableautomaticcommunicationre�nement,all thecom-
municationbetweenpartitionsneedto be explicitly speci�ed.
Global variablesposeproblemsandneedto be localizedand
accessedthroughports. During this step,the global variables
areremovedfrom theglobalscopeandmoved into the lowest
parentbehavior containingtheaccessors.Following this,each
partitionaccessingtheglobalvariableis modi�ed to accessthe
globalvariablethroughaport. If necessary, theaccessis routed
throughthe entirestructuralhierarchy introducingnew ports,
portmaps,functionargumentsandmorein eachpartition.
Figure5(c)showsthemodi�ed modelafterchangingthescope
of the global variablesRW1 and RW2 and also the resulting
new ports.Theprocedureimplementingthis transformationis
outlinedbelow.

� Obtaintheglobalvariableat thecurrentcursorposition
� Find the lowestcommonparentbehavior containingthe

accessesandmove thevariableto thatlevel
� Provide accessto the variable by recursively inserting

portsin all thebehaviorsaccessingthisvariable
� Deletetheoriginalglobalvariable

Thisoperationis not restrictedto just theglobalvariables.De-
pendingon the modelbeingderived, designermight want to
make somevariablesglobalor move a variableto higherhier-
archicallevels.Thisrequiresexpandingthescopeof avariable.
Theprocedurefor suchanoperationis basedonsimilar lines.

C. IntroduceSynchronization

The accessesto variablesthat are sharedbetweenconcur-
rentpartitionsneedto besynchronized.Suchaccessesarere-
placedwith channelsof appropriateprotocolsto provide nec-
essarysynchronization.Thischangein turnrequiresall thebe-
haviors andthefunctionsaccessingthereplacedvariableto be
modi�ed to accessthe variablethroughthe channelinterface.
Figure5(d)showstheresultingmodelwith theinsertedchannel
calls.Thereadingandwriting of variablesis replacedwith the
appropriateinterfacefunction of the channel. The procedure
implementingthis transformationis givenbelow.

� Obtainthevariableat thecurrentcursorposition



/*  Global variables * /
int R1, R2;
int RW1, RW2;

/*Top level behavior * /
behavior Main( ) {
int var1, var2, var3;

b1 B1(var1, var2);
b2 B2(var2, var3);

int main(void)  {
B1.main();
B2.main();

}
} ;
/*  Sub modules * /
behavior b1(in int i1, out int o1) {
void main (void)  {
o1 = R1*RW2* i1;
if(RW2) RW1 = ((R1*RW2)* i1)&1;

}
} ;
behavior b2(in int i1, out int o1) {
void main(void)  {

o1 = R2*RW1* i1;
if(RW1) RW2 = ((R2*RW1)* i1)&1;

}
} ;

/*  Global variables * /

int RW1, RW2;

/*Top level behavior * /

behavior Main( ) {

int var1, var2, var3;

b1 B1(var1, var2);

b2 B2(var2, var3);

int main(void)  {

B1.main();    

B2.main();

}

} ;
/*  Sub modules * /

behavior b1(in int i1, out int o1) {

int R1;

void main (void)  {

o1 = R1*RW2* i1;

if(RW2) RW1 = ((R1*RW2)* i1)&1;

}

} ;
behavior b2(in int i1, out int o1) {

int R2;

void main (void)   {

o1 = R2*RW1* i1;
if(RW1) RW2 = ((R2*RW1)* i1)&1;

}

} ;

/*Top level behavior * /

behavior Main() {
int var1, var2, var3;

int RW1, RW2;  /*  Now moved here, no longer global* /

b1 B1(var1, var2, RW1, RW2);

b2 B2(var2, var3, RW2, RW1);

int main(void)  {

B1.main();

B2.main();

}

} ;

/*  No more Global variables * /

behavior b1(in int i1, out int o1, 

out int RW1, in int RW2) {
int R1;

void main (void)  {

o1 = R1*RW2* i1;

if(RW2) RW1 = ((R1*RW2)* i1)&1;

}

} ;

behavior b2(in int i1, out int o1, 

out int RW2, in int RW1) {
int R2;

void main (void)   {

o1 = R2*RW1* i1;

if(RW1) RW2 = ((R2*RW1)* i1)&1;
}

} ;

/*Top level behavior * /
behavior Main()
{
int var1, var2, var3;

c_fifo ch1;  /*Channels instead of variables * /
c_fifo ch2;

b1 B1(var1, var2, ch1, ch2);
b2 B2(var2, var3, ch2, ch1);

int main(void)
{
B1.main();
B2.main();

}
} ;
behavior b1(in int i1, out int o1, i_sender ch1, 

i_receiver ch2)  {
int R1;
int RW1; /* local variables* /
void main (void)   {
o1 = R1*(ch2.receive(sizeof(RW2)))* i1;
if(RW2) RW1 = ((R1*RW2)* i1)&1;
ch1.send(RW1);

}
} ;
behavior b2(in int i1, out int o1, i_sender ch2, 

i_receiver ch1) {
int R2;
int RW2;
void main (void)  {
o1 = R2*(ch2.receive(sizeof(RW1)))* i1;
if(RW1) RW2 = ((R2*RW1)* i1)&1;
ch2.send(sizeof(RW2));

}
} ;

(a) Model-1: Initial Model (b) Model-2: After Localization (c) Model-3: Explicit connectivity (d) Model-4: Synchronized Model 

Fig. 5. Re-codingtransformationsonanexampledesignmodel.

� Createa typedsynchronizationchannelbasedon thetype
of thevariable

� Changethe typeof portsof all thebehaviors which were
mappedto theoriginalvariableto thetypeof thechannel's
interfacefunction

� Modify eachaccessto theoriginal variableto usetheap-
propriateinterfacefunctionof thechannel

V. EXPERIMENTS AND RESULTS

We have implementedour sourcere-coderto supportthe
SpecCSLDL and the C programminglanguage. Additional
supportfor SystemCis still in progress.Using our re-coder,
themodelingcanstarteitherfrom C or SpecC.Currently, our
re-coderprovides completesupportto derive an architecture
model from a partitionedmodel. Apart from thesetransfor-
mations,there-coderalsoimplementsscope-sensitive analysis
tools to �nd variabledependenciesto aid the designerin pro-
gramcomprehension.Thetransformationfunctionsmakesuse
of thisanalysisfunctionfor re-coding.
We will now assessthe productivity gainsresultingfrom our
sourcere-coder. We have applied our sourcere-coderto a
few real-lifedesignexamplesto createarchitecturemodelsand
measuredtheproductivity gainsoverderiving thesamemodels
manually. We considered3 differentexamples,MP3 decoder,
JPEGencoder, andGSM vocoder. We have timedtheindivid-
ual re�nement tasksfor the MP3 exampleandthe resultsare
shown in Table I. We startedwith a partitionedMP3 model
with 4 partitionsandcontainedall the global communication
betweenthesepartitionsusingthetransformationtoolspartof

our sourcere-coder. Note that eachof thesetransformations
requiremultiple linesof codechange,andtheselinesoftenare
distributedover the entiresourcecode. TableI alsogivesthe
numberof variableschangedby eachre�nement taskandthe
numberof line changesin the resultingmodel. As shown in
the table,establishingexplicit connectivity involves inserting
new portsthroughthestructuralhierarchy in thedesign,result-
ing in morechangesthanlocalizingoperation.TheInteractive
Re-codingtimeisobtainedby implementingall thetransforma-
tions usingour sourcere-coder. The manualtime is obtained
by actuallyrealizingthe transformationsmanuallyfor a setof
10 variablesandextrapolatingthe resultsfor all thevariables.
Clearly, theproductivity gainachievedusingour re-coderover
implementingthesetransformationsmanuallyis in theorderof
hundreds.
TableII showsthesimilarproductivity gainsachievedfor other
examples.Also provided is thestatisticsaboutthenumberof
variablesthat wereaffectedandthe numberof new portsand
channelsthat were introducedduring the process.Using our
sourcere-coder, the complex transformationscanbe realized
instantlywith a click of button. Thus,exposingcommunica-
tion canbe achieved in theorderof secondsinsteadof hours.

VI . SUMMARY AND CONCLUSIONS

Automaticcommunicationexplorationtools requireproper
input modelswith all thecommunicationacrossthepartitions
exposedexplicitly. Absenceof a propercommunicationstruc-
turesigni�cantly limits thepossibleexploration,if not making
it impossible.Today, designersinvestsigni�cant designtime



TABLE I
PRODUCTIVITY GAIN ON THE INDIVIDUAL OPERATIONS ON THE MP3

DESIGN EXAMPLE

Operation Variable. Lines Interactive Manual Estimated Productivity
changes changed Re-coding time for Manual factor

time 10Vars. time
(secs) (mins) (mins)

Localizing 26 330 90 1.7 17 11
Explicit

Connectivity 38 839 126 31 310 147
Synchronization 6 172 30 17 170 340

Total 70 1341 246 49.7 497 121

TABLE II
PRODUCTIVITY GAIN FOR DIFFERENT EXAMPLES

Properties JPEG MP3 GSM
GlobalVariableslocalized 8 70 83

New Portsadded 2 146 163
New Channelsadded 1 6 2
Re-codingtime (secs) 27 246 260

EstimatedManualtime (mins) 53 497 585
Productivity factor 117 121 135

to createexplicit communicationin theinputmodel.Sincethis
modelingtaskheavily relieson thedesigners'knowledgeand
experience,little or no tool supportis typically available for
speci�cationcodingandre-coding.Usually, designershave to
edit the designmodelmanually, usingsimple text-basededi-
tors,requiringsigni�cant effort andtime in tediouscoding.
In this paper, we have proposeda novel approachto design
speci�cationandmodelingthatis basedondecisionmakingby
thedesigner(”designer-in-the-loop”)andautomationof model
analysisand transformationtasks. Eliminating mundaneand
error-proneediting tasks,our approachutilizes the precious
timeandeffort of thesystemdesigneref�ciently .
In particular, wehaveintroducedaninteractivesourcere-coder
whichintegratescompilation,analysisandtransformationtools
into a text-basededitor, to assistthedesignerin modelingand
re-modelingof SoCdesigns.Oursourcere-coderis fully text-,
syntax-,andsemantics-aware,enablingpowerful modelanaly-
sisandtransformationoperationsinstantly.
Fromourexperiencewith thesystemsynthesisof differentde-
signexamples,in thispaperwepresentedthevarioustasksnec-
essaryto build thecommunicationstructurein thespeci�cation
thatcanbeusedfor automatedtools. We have designedeffec-
tive interactive re-codingtasksalongwith otheranalysistools
to aid the designerin programcomprehension,modi�cation,
andre�nement. Our experimentalresultsclearly demonstrate
thatourinteractiveapproachis notonly feasible,but alsoeffec-
tive. Analysisresultsor transformedcodearepresentedto the
userinstantaneously, relieving the designerfrom tediouscod-
ing. Moreover, wehavedemonstratedtremendousproductivity
gainsthroughthereductionof modelingtime.
For the future, we will extendour approachto automatealso
the creationof the partitionedmodel from a C like reference
model. In the long term, we plan to include further analysis
andtransformationtasks,includingcouplingwith systempro-
�ling andestimationtools.
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