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Abstract— Communication exploration has becomea critical
stepduring SoCdesign.Reseachersin the CAD community have
proposedfast and ef cient techniquesfor comprehensve design
spaceexploration to expeditethis critical designstep. Although
theseadvanceshave beenhelpful in reducingthe designtime sig-
ni cantly , the overall designtime of the systemis still a bottle-
neck. All thesetechniquesassumethe availability of an initial
SoCinput modelwith 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-prone and 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, we proposean ef cient interactive approachto explicit
communication creation by automating someof the commoncod-
ing tasksin speci cation modelsfor communication exploration.
Our resultsshow signi cant savingsin designertime.

|. INTRODUCTION

Theincreasingpopularityof MPSoCarchitecturehiasmade
the task of communicationexploration more signi cant than
ever. Researcherbave proposediifferentcommunicatiorex-
plorationtechniquedo facilitate early determinationof com-
munication architectureand con gurations. By conducting
the explorationat higherabstractiorevels, suchas TLM [4],
CCATB [10], it is possibleto explore, evaluateandverify dif-
ferentcommunicatiorarchitecturesarly in the designcycle.
All thesetechnologicaldwancesalongwith the progressen
the areaof codepro ling, codere nementand accurateper
formanceandpower estimationhave signi cantly reducedhe
overall developmenttime of embeddedystemsHowever, de-
signtimeis still abottleneckin the productionof systemsand
further reductionthroughautomationis necessary One criti-
cal aspechgjylectedin optimizationefforts sofaris the design
speci cationphasewherethe intendeddesignis capturedand
modeledfor usein thedesign o w.

Eachdesign o w expectsa speci ¢ type of input model. This

modelneedgo beeitherhand-writterfrom scratchor adapted
from aninitial referencemodel. While much of the research
hasfocusedon SoC synthesisandre nementtools, little has
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Fig. 1. Motivation: Extentof automatiorin re nement-basediesign o w.

beendoneto supportthedesigneiin forming theseinput mod-
els.

A. Motivation

Most of the existing communicationexploration design
o ws startwith aninitial executablemodelwith acommunica-
tion structureassupportedy thetool. Thesemodelsarewrit-
tenby designersvho needto understandherequirementand
the limitations of the tool. Given a suitableinitial model, the
communicatiorexplorationis usuallyconductecautomatically
usingsuccessie re nementsteps.However, oftenthereis little
or notool supportin creatingtheinitial inputmodel. Sincethe
quality of the communicatiorexploration dependdargely on
the quality of this model,designerdiave to investconsiderable
time andeffort in codingandre-codingthe model.

A.1 Study of MP3 DecoderDesign

In orderto studythe intricaciesandcomplicationsanvolvedin
writing apropersystemspeci cationmodel,we have applieda
top-davn designmethodologyshavn in Figurel, to theexam-
ple of aMP3 audiodecoderanindustry-sizeapplication.The
gure shavsthecompletedesign o w startingfrom anabstract
referencenodeldown to theimplementationmodel. In this pa-
per, we only focuson there nementstepsthatwerenecessary



to generateghe ArchitecturalModel for communicatiorexplo-
ration.

The communicationexplorationis undertalen after different
hardware-softvare partitionsin the designare identi ed and
mappedonto respectie processinglements.During commu-
nicationexploration,differentbus architectureandcon gura-
tions arethenevaluatedandthe mostsuitablecommunication
alternatve, meetingpower andperformanceequirementis -
nalized.Theotherkey taskinvolvedduringthis stepis thecom-
municationre nement,duringwhichthedecisionsnadeby the
designeareimplementedo generat@anexecutablemodel. As
shavn in Figurel, thetaskof communicatiorexplorationwas
automatedto 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 !, we were able
to explore differentcommunicatioralternatves[1] andimple-
mentthebus-functionaimodelof the MP3 decodeiin lessthan
1 day However, specifying propercommunicationstructure
in theinitial PartitionedModel wasthe main bottleneckof the
wholeprocessFor our MP3designexample morethan75%of
theoverallcommunicatiorexplorationtime wasspentn creat-
ing this model. Also, we needto emphasizehatcapturingthis
modelis notaonetime task. Every time achangan thedesign
is requiredfor a successfute nementstep, it is necessaryo
re-codéchangethe input speci cation, makingthe whole task
of codingmodeliterative. Suchinterruptionsn thedesigno w
causecostlydelays.The importanceof this re-codingeffort is
alsoemphasizedh [6, 3].

In conclusionary steptowardautomatiorof modelcodingand
re-codings highly desirableandwill likely improve overallde-
signtime signi cantly. In Sectionll, we discussspeci cation
modelinggoals,anda modelingexample,followed by related
work. In Sectionlll, we presentour solutionto the modeling
problem,aninteractive sourcere-coder In SectionlV we will
presentthe re nementtasksin our sourcere-coderthat sim-
plify andspeed-uphecreationof aproperArchitectureModel.
SectionV lists our experimentalkesults.Finally, we will draw
conclusionandoutlinefuturework in SectionVI.

Il. MODEL RE-CODING

To addresghe bottleneckof modelre-coding,we will now
rst describeghesigni canceof having agoodmodelfor com-
municationexploration,andthenanalyzethe variousstepsof
thisre-codingtaskby useof asimpleexample.

A. Signi cance of Explicit Communicatiorin SoC Speci ca-
tion

To enablefastand ef cient communicationexploration, a
propercommunicationstructurein the initial speci cationis
necessaryor the re nementtoolsto functionandto be effec-
tive. Separatiorof the computationfrom the communication
aspectdn the speci cation makes automaticcommunication
re nementand exploration possible[2]. Figure 2 shavs the

INotethatthe generatiorof PartitionedModel from ReferencéModel is a
separat@roblemandis notdiscussedn this paper
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Fig. 2. Signi canceof explicit SoCcommunication.

bene t of having a propermodelby meansof a simpli ed ex-
ample.InputModel-1hasthecomputatiorinterleavedwith the
communicationmakinganalysisdif cult for automaticexplo-
rationtools. Architecture-lis theonly possibléamplementation
throughautomation. In contrast,the Input Model-2 captures
all thecommunicatiorbetweerthe designpartitionsexplicitly
using synchronizingchannels,thus enablingmultiple explo-
rationsalternatves,Architecture-1 Architecture-2andmore.
Globalvariablesin PartitionedModels,suchasthe rst model
in Figure 2, are commonlyused, especiallywhen the Parti-
tionedmodelitself is re-codedrom a C like referencemodel.
Globalvariableshidethe communicatiorbetweerfunctionsin
aprogrambecausé¢hey donotappearsfunctionparametersr
returnresultsof functions. Sincethey becomeglobally avail-
ableto all the functionsin the program,programmersisethis
featurefor corvenience.However, a goodspeci cationmodel
requireshecommunicatiormodeledexplicitly, separateétom
thecomputation So,thehiddencommunicatiorthroughglobal
variablesmustbeexplicitly exposed.

B. Re-codingto ExposeCommunication

Figure 3 shows thetypical re nementstepsnecessaryo re-
codea PartitionedModel into a properly structuredSoC Ar-
chitectureModel. We startwith a PartitionedModel, in which
eachpartitionrepresentthetasksrunningondifferentProcess-
ing ElementqPESs).Eachpartitionmightin turn containmore
behaiors within them. The partitionscommunicatewith 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,ary globalvariablewhoseusageis restrictedto
just oneof the behaior blocksis movedinto thatleaf beha-
ior in the partition. This operationdoesnotintroduceary other
changesndappliesonly to variablesvhoseaccesss restricted
to justonebehaior.

In the secondstep,theimplicit accesof datathroughthe use
of the remainingglobal variablesis replacedby making ac-
tual connectionsnto eachpartitions. Thatis, the global vari-
ablesthataresharedacrosghe multiple partitionsor behaiors
arenow madeaccessiblenly throughports. This meansthat
every accesdo the global variableis replacedwith anaccess
to a correspondingport in all levels of structuralhierarcly in
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Fig. 3. Re-CodingPartitionedModelinto an ArchitectureModel.

eachpartition. If necessarythe changesare also propagted
into functionsby introducingnew functionparameterandar
guments.Theoriginal globalvariableis deleted.

In thethird step,the accesdo the variablessharedacrosseach
of thesepartitionsaresynchronizedy replacingthe variables
with communicationchannels. All the accesseso variables
in eachpartition arereplacedwith useof anappropriatanter
facefunction(Send/Receiver read/write implementedy the
channel. The resulting ArchitectureModel after thesetrans-
formationsis thensuitablefor communicatiorexplorationbe-
causenow the communicationacrosspartitionsis explicitly
capturedusing synchronizingchannelsand ports which rep-
resentfuture bus. Sincethe communicatiorto be mappednto
the busesis completelyexposed,designtools are free to ex-
plore unlimited alternatves. Most of the stepsperformeddur-
ing communicatiorexplorationcannow be automated.

C. AutomatedRe-Coding

Apartfrom thetime consumingnundandextual operations,
re-codinga modelinvolvesalot of decisionmaking. Many of
thesedecisionscan only be taken by the designer Sincethe
modelbeinggeneratediependson thetool it will beinputto,
only the designercandecideon its structure. Apart from this
reasonthereare somescenariosvherecompleteautomation
cannotbe possible For example,while determininghe access
information of global variables,the designethasto dealwith
pointers. Sincepointeranalysis[5] is a problemlingering for
mary years,userinteractionnbecomesecessaryo generatef-

cient andoptimizedmodels.Thus,decisionseedto betaken
by the designerbut the tediousrecodingof the modelcanbe
automated.

To leveragetheideaof effective automationye needto distin-
guishre-codingasksthatcanbeautomatedrom decisiontasks
that require designers knowledge. Textual re-codingopera-
tions suchaschangingscopeof variables replacingvariables
and their accesawith channelequivalents,changingvariable
types,introducing/deletingportsthroughthe hierarcly, canbe
automatedf the decisionis madeby the designer By suchan
automationthe designeis relieved from mundaneext editing
tasksandcanfocuson actualmodelingdecisions.
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Fig. 4. Conceptuabtructureof the SourceRe-Coder

D. RelatedWork

Many of the systemsynthesiglesign o ws proposedy re-
searchersn the pastprovide little or no supportin modeling
theinitial systemArchitectureModel. The designethasto in-
vestsigni cant time to createthis speci cation. For example,
[12] presents methodologyto automaticallygeneratenodels
andimplementation®f network-orientedSoCmodels.But the
design o w startsfrom an architecturemodelwhich needsto
be provided by the designer [10] proposesa higher model-
ing abstractiorfor bus-basedommunicationexploration, but
the creationof the initial model of acceptableguality for ex-
plorationhasto be performedby the designer [8] focuseson
automatingmappingof communicatiorbetweensystemcom-
ponentsonto a communicationarchitecturetemplate,but re-
quiresaninitial systemspeci cationpartitionedinto hardware
andsoftwarefrom thedesigner
Through our transformationsve provide fasterand ef cient
meanf creatinga suitableArchitecturemodel. Our transfor
mationsareinteractive andgive the designercompletecontrol
("designerin-the-loop”)to code/re-cod¢he modelin orderto
arrive atthe mostsuitabledesignimplementation.

Further the ideaof interactie transformationhasbeenem-
ployed successfullyin the parallel programmingparadigm.
The ParaScopeeditor [7] for Fortran and SUIF explorer [9]

for C/Fortranprovide programtransformationso parallelizea
programrelieve the programmeifrom tediousmanualtyping.

SUIF explorer, which is basedon the SUIF compilerinfras-
tructure, provides graphicalmeansof settingcompiler direc-
tives,but doesnotsupportediting. ParaScop@rovidestheuser
with powerful interactive programtransformationandrecon-
structsthe dependenginformation,incrementallywhile edit-
ing. Of all, ParaScope&ombineghe mostfeatures Our goalis

to build similarandmoreadvancedcapabilitiesnto our source
re-coderaimingatadwancedeaturedor analysisandtransfor

mationsfor ef cient creationof effective systemspeci cations
in SLDL. Ourwork will augmenthe existing design o ws by

providing furtherautomation.

I11. INTERACTIVE SOURCE RE-CODER

To aid the designerin codingandre-coding,we proposea
sourcere-coder Our sourcere-coderis a controlled,interac-
tive approachto implementanalysisandre nementtasks. In
otherwords, it is anintelligentunion of editor, compiler and
powerful transformatiorand analysistools. Unlike otherpro-
gramtransformatiortools, our re-coderkeepsthe designelin
theloop andprovidescompletecontrolto generateandmodify
a model suitablefor her/hisdesign ow. By makingthe re-



coding processnteractie, we rely on the designerto concur
augmenbr overruletheanalysisresultsof thetool, andusethe
combinedintelligenceof the re-coderandthe designeffor the
modelingtasks.

Ourre-codersupportge-modelingof SLDL modelsatall lev-
elsof abstractionlt canbeusedto re-codentermediatedesign
modelsaswell asthe referenceC implementatiorto generate
theinitial speci cationmodel. The conceptuattructureof our
sourcere-coderis shovn in Figure4. It consistsof 5 main
components:

A textual editormaintainingthe textual documenbbject
An AbstractSyntaxTree(AST) of thedesignmodel
Preprocessoand Parserto convert the documentobject
into AST

Transformatiorandanalysistool set

Codegeneratoto applychangesn the AST to the docu-
mentobject

A QT [13] andScintilla[11] basedextual editoris thefront-
endof oursourcere-coder Theeditoris adaptedo provide ba-
sic featuredik e syntaxhighlighting, auto-completionsearch,
ctags,text folding, bookmarksundo-redoandmore,for pro-
gramminglanguageéncludingC andC++,andSLDLs SpecC
[2] andSystemC.

TheAST [14], maintainsa comprehensk datastructureof the
designneededor analyzingandtransformingthe programand
alsoprovidesa setof operationson eachobject. This AST is
createdby a parserwhenthe le is initially loadedandsubse-
guentlyis incrementallymaintainedwith designers actions.
The transformationand analysistool setis the heartof our
sourcere-coder All re-codingtasksinvoked by the userare
implementedby thesere nement tools. When the designer
pointsto an objectin the sourcewindow, a nodecorrespond-
ing to the pointedco-ordinatess locatedin the AST, andalist
of availableandpossibleoperationsare provided in a context
menu.For example,whenthe designempointsto a globalvari-
able thenthelist of possibleransformationincludeschanging
its scoperenamingdeleting,and nding dependentsA SLDL
sourcecodegeneratoprovidesthe necessarypdateof text in
the editorwhenthe modi cations aremadeto the AST by the
transformatiortools.

IV. EXPOSING COMMUNICATION

We will now discussspeci ¢ transformationsiecessaryo
createan ArchitectureModel suitablefor communicationex-
ploration, asoutlinedin Figure 3. Exposingcommunication
meando make thecommunicatiorbetweerdifferenthardware
software partitionsexplicit. This involves 3 main tasks,Lo-
calizingglobalaccessesstablishingxplicit connectvity and
introducingsynchronization.Thesestepsarediscussedn de-
tail in thefollowing sections.

A. LocalizeGlobal Accesses

Inthe rst step,globalvariableswhoseusages restrictedo
just oneof the partitions,are mademembersof that partition.
Suchscenario®ftenoccurin partitionednodelsobtainedrom
a C referencamplementation.Localizing suchvariableswill

eliminate the unnecessargommunicationbetweenthe parti-

tions and also makes the analysisof the speci cation easier
whichenabledurtheroptimization.Figure5(a)shavsasimple

initial modelin SpecCSLDL. Themodi ed modelafterlocal-

izing 2 of the global variablesis shavn in Figure 5(b). The

variablesR1andR2aremadememberof the blocksin which

they areused.Theprocedurémplementinghistransformation
is givenbelaw.

Fromthecurrentcursorposition,locatetheglobalvariable
pointedto by thedesigner

Find the list of behaiors and functions accessinghis
globalvariable.

Move this variableinto the only behaior accessingt and
deletetheglobalvariable

B. Explicit Connectvity

To enableautomaticcommunicatiome nement,all thecom-
municationbetweenpartitionsneedto be explicitly speci ed.
Global variablesposeproblemsand needto be localizedand
accessedhroughports. During this step,the global variables
areremoved from the global scopeandmoved into the lowest
parentbehaior containingthe accessorskollowing this, each
partitionaccessingheglobalvariableis modi ed to accesshe
globalvariablethroughaport. If necessaryheaccesss routed
throughthe entire structuralhierarcly introducingnew ports,
port mapsfunctionargumentsandmorein eachpartition.
Figure5(c) shavsthemodi ed modelafterchanginghescope
of the global variablesRW1 and RW2 and also the resulting
new ports. The proceduréamplementingthis transformatioris
outlinedbelow.

Obtainthe globalvariableat the currentcursorposition
Find the lowestcommonparentbehaior containingthe
accesseandmove thevariableto thatlevel

Provide accessto the variable by recursvely inserting
portsin all thebehaiors accessinghis variable
Deletetheoriginal globalvariable

This operationis notrestrictedto justthe globalvariables.De-
pendingon the model being derived, designemight want to
make somevariablesglobal or move a variableto higherhier
archicallevels. Thisrequiresexpandingthescopeof avariable.
The procedurdor suchanoperationis basedn similarlines.

C. IntroduceSynchronization

The accesse$o variablesthat are sharedbetweenconcur
rent partitionsneedto be synchronized Suchaccessearere-
placedwith channelsof appropriateprotocolsto provide nec-
essarnsynchronizationThis changdn turnrequiresall thebe-
haviors andthe functionsaccessinghe replacedvariableto be
modi ed to accesghe variablethroughthe channelinterface.
Figure5(d) shavstheresultingmodelwith theinsertedchannel
calls. Thereadingandwriting of variabless replacedwith the
appropriateinterfacefunction of the channel. The procedure
implementingthis transformatioris givenbelow.

Obtainthe variableat the currentcursorposition



/* Global variables*/
int R1, R2;
int RW1, RwW2;

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

bl Bl(varl, var2);
b2 B2(var2, var3);

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

}

I
/* Sub modules*/
behavior bi(inint i1, out int 01) {
void main (void) {
01 =RI*RW2*i1;
if(RW2) RW1 = ((R1*RW2)*i1)&1;

}
h
behavior b2(iniint i1, out int 01) {

void main(void) {
0l = R2*RW1*i1;

If(RW1) RW2 = (R2*RW1)*i1)&1;

}
I8

/* Global variables*/
int RW1, Rw2;

/*Top level behavior */
behavior Main( ) {
int varl, var2, var3;
bl B1(varl, var2);
b2 B2(var2, var3);

int main(void) {
Bl.main();
B2.main();
}
h
/* Sub modules */
behavior bi(inint i1, out int 01) {
void main (void) {
0l =R1*RW2*i1;
if(RW2) RW1 = ((R1*RW2)*i1)&1;
}
h
behavior b2(inint i1, out int 01) {

void main (void) {
0l = RZ*RWI*i1;

/*Top level behavior */
behavior Main() {
int varl, var2, var3;
int RW1, Rw2; /*
bl B1(varl, var2] RW1, RW2);
b2 B2(var2, var3| RW2, RW1);
int main(void) {
Bl.main();
B2.main();
}
h
/* No more Global variables*/
behavior bi(inint i1, out int 01,

out int RW1, inint RW2)|{

ere, no longer global*/

int R1;
void main (void) {
ol =RI*RW2*i1;
if(RW2) RW1 = ((RI*RW2)*i1)&1;
}
H
behavior b2(inint i1, out int 01,
int R2;
void main (void) {
0l = R2Z*RW1*i1;
if(RW1) RW2 = (R2* RW1)*i1)&1;

/*Top level behavior */
behavior Main()
{

int varl, var2, var3;

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

bl Bl(varl, var2| chl, ch2);
b2 B2(var2, var3| ch2, chl)]

int main(void)
{
Bl.main();
B2.main();
}

h
behavior bl(inint i1 _out int 01,[i sender chl,
oo 2|
int R1;
int RW1; /*local variables*/
void main (void) {
[01 = R1*(ch2.receive(sizeof(RW2)))*i1; ]

if(RW2) RW1 = (RI*RW2)*i1)&1;
chl.send(RW1);
}
h
behavior b(inint i1 _aut int ol |i_sender ch2,
o e
int R2;

int RW2;
void main (void) {

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

(8) Model-1: Initial Model (b) Model-2: After Localization

Fig. 5. Re-codingransformation®n anexampledesignmodel.

Createatypedsynchronizatiorchannebasednthetype
of thevariable

Changethe type of portsof all the behaiors which were
mappedo theoriginalvariableto thetypeof thechannels
interfacefunction

Modify eachaccesdo the original variableto usethe ap-
propriateinterfacefunctionof the channel

V. EXPERIMENTS AND RESULTS

We have implementedour sourcere-coderto supportthe
SpecCSLDL andthe C programminglanguage. Additional
supportfor SystemCis still in progress.Using our re-codey
the modelingcanstarteitherfrom C or SpecC.Currently our
re-coderprovides completesupportto derive an architecture
model from a partitionedmodel. Apart from thesetransfor
mations there-coderalsoimplementsscope-sensite analysis
toolsto nd variabledependenciet aid the designelin pro-
gramcomprehensionThetransformatiorfunctionsmalkesuse
of this analysisfunctionfor re-coding.

We will now assesshe productvity gainsresultingfrom our
sourcere-coder We have applied our sourcere-coderto a
few real-life designexampledo createarchitecturanodelsand
measuredhe productvity gainsoverderving thesamemodels
manually We considere differentexamplesMP3 decodey
JPEGencoderandGSM vocoder We have timedtheindivid-
ual re nementtasksfor the MP3 exampleandthe resultsare
shavn in Tablel. We startedwith a partitionedMP3 model
with 4 partitionsand containedall the global communication
betweerthesepartitionsusingthe transformatiortools part of

(c) Model-3: Explicit connectivity

01 = R2* (ch2.receive(sizeof(RW1)))*i1}

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

(d) Model-4: Synchronized Model

our sourcere-coder Note that eachof thesetransformations
requiremultiple lines of codechangeandthesdinesoftenare
distributed over the entire sourcecode. Tablel alsogivesthe
numberof variableschangedoy eachre nementtaskandthe
numberof line changesn the resultingmodel. As shavn in
the table, establishingexplicit connectity involvesinserting
new portsthroughthe structuralhierarcly in thedesign result-
ing in morechangeshanlocalizingoperation.TheInteractve
Re-codingimeis obtainedy implementingall thetransforma-
tions usingour sourcere-coder The manualtime is obtained
by actuallyrealizingthe transformationsnanuallyfor a setof
10 variablesand extrapolatingthe resultsfor all the variables.
Clearly, the productvity gain achiezed usingour re-coderover
implementinghesedransformationsnanuallyis in theorderof
hundreds.

Tablell shavsthesimilarproductvity gainsachiezedfor other
examples.Also providedis the statisticsaboutthe numberof
variablesthat were affectedandthe numberof nev portsand
channelghat wereintroducedduring the process. Using our
sourcere-codey the complex transformationsan be realized
instantly with a click of button. Thus, exposingcommunica-
tion canbe achieved in the orderof secondsnsteadof hours.

V1. SUMMARY AND CONCLUSIONS

Automaticcommunicatiorexplorationtools require proper
input modelswith all the communicatioracrosshe partitions
exposedexplicitly. Absenceof a propercommunicatiorstruc-
turesigni cantly limits the possibleexploration,if notmaking
it impossible. Today designersnvestsigni cant designtime



TABLE |
PRODUCTIVITY GAIN ON THE INDIVIDUAL OPERATIONS ON THE MP3
DESIGN EXAMPLE

Operation Variable.| Lines | Interactve | Manual | Estimated| Productvity

changes| changed| Re-coding| timefor | Manual factor

time 10Vars. time

(secs) (mins) (mins)
Localizing 26 330 90 1.7 17 11

Explicit
Connectity 38 839 126 31 310 147
Synchronization| 6 172 30 17 170 340
‘ Total 70 1341 246 49.7 497 121
TABLE Il

PRODUCTIVITY GAIN FOR DIFFERENT EXAMPLES

| Properties | JPEG| MP3 | GSM |
GlobalVariabledocalized 8 70 83
New Portsadded 2 146 | 163
New Channelsadded 1 6 2
Re-codingime (secs) 27 246 | 260
EstimatedManualtime (mins) | 53 497 | 585
Productvity factor 117 | 121 | 135

to createexplicit communicatiorin theinputmodel. Sincethis
modelingtaskheavily relieson the designersknowledgeand
experience little or no tool supportis typically available for
speci cationcodingandre-coding.Usually, designerave to
edit the designmodelmanually using simple text-basededi-
tors, requiringsigni cant effort andtime in tediouscoding.

In this paper we have proposeda novel approachto design
speci cationandmodelingthatis basedn decisionmakingby
thedesignel("designerin-the-loop”)andautomatiorof model
analysisand transformatiortasks. Eliminating mundaneand
errorprone editing tasks, our approachutilizes the precious
time andeffort of the systemdesigneref ciently.

In particular we have introducedaninteractve sourcere-coder
whichintegratescompilation,analysisandtransformatiortools
into a text-basededitor, to assisthe designetin modelingand
re-modelingof SoCdesigns Our sourcere-codetis fully text-,
syntax-,andsemantics-&are,enablingpowerful modelanaly-
sisandtransformatioroperationsnstantly

Fromour experiencewith the systemsynthesif differentde-
signexamplesjn this papemwe presentedhevarioustasksnec-
essanryto build thecommunicatiorstructurein thespeci cation
thatcanbe usedfor automatedools. We have designeceffec-
tive interactve re-codingtasksalongwith otheranalysistools
to aid the designerin programcomprehensionmodi cation,
andre nement. Our experimentalresultsclearly demonstrate
thatourinteractie approactis notonly feasible put alsoeffec-
tive. Analysisresultsor transformectodearepresentedo the
userinstantaneous|yrelieving the designerfrom tediouscod-
ing. Moreover, we have demonstratettemendougroductvity
gainsthroughthereductionof modelingtime.

For the future, we will extendour approacho automatealso
the creationof the partitionedmodelfrom a C like reference
model. In the long term, we planto include further analysis
andtransformatiortasks,including couplingwith systempro-
ling andestimationtools.
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