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Abstract— The quality of the input systemmodel hasa dir ect
bearing on the effectivenessof the systemexploration and synthe-
sistools. Givena well-structur edsystemmodel,tools today areef-
fective in generatingef�cient implementations. However, readily
available referenceC codesare not conducive for systemsynthe-
sis as they lack the necessarystructur e and analyzability needed
by the design �o w. Usually referenceC code is manually con-
verted into a SoC model by applying necessarytransformations.
The type of transformations dependson the underlying design
�o w and tools. Proper structural hierarchy is one essentialfea-
tur e neededfor architectural exploration. In this paper, we pro-
vide automatic C code transformations to encapsulatefunctions
and insert structural hierarchy to createwell-structur ed and an-
alyzableSoCmodels. Our automatic transformations, combined
with interactive application of the designer's knowledgeand ex-
perience,enablefaster creationof structural hierarchy in C mod-
els and henceresult in signi�cant reduction of the overall design
time.

I . INTRODUCTION

The largeavailability of embeddedapplicationsin the form
of referenceC code has madeC implementationsa natural
startingpointof mostSystem-On-Chip(SoC)designprocesses.
Easily obtainedfrom open-sourceprojectsand standardizing
committees,theseC codesnot only serve asreferencemodels
for functional veri�cation purposes,but alsocanbe usedfor
deriving endSoCimplementations.However, therearesignif-
icant obstaclesin directly using suchC sourcesfor the SoC
designprocess.First of all, theseC codestypically comefrom
differentsources,suchasthesignal-processingor thegeneral-
purposeprogrammingcommunity. Often, thesesourcesare
designedand optimizedto run on a regular PC environment
wheretheintendedtargetmachinearchitectureis known. How-
ever, suchcodeis usuallynot suitablefor SoCdesignwherea
customtarget architecturewith multiple processingelements
is still to bederived,andwherea chainof tools (ratherthana
singlecompiler)will beusedto derivetheendimplementation.
Second,the C languageitself posesnumerouschallengesfor
systemdesigntools. The freedomavailable througha range
of programmingconstructsmake themodelsambiguousto the
systemdesigntools. Commonlyusedconstructssuchas C
pointers,dynamicmemoryallocation,recursion,andmore,re-
sult in ambiguitiesandnegatively affect theanalyzability, ver-
i�ability andsynthesize-abilityof thetools.
Systemdesigntoolsrequirea clearstructureandanalyzability
in their input models.Themodelfeaturesexpectedby thede-
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Fig. 1. Motivation:Designtimeof MP3decoderin a re�nement-based
systemdesign�o w [1].

signtoolsdependon thetasksundertakenby thetools. For in-
stance,system-level architectureexploration,which performs
taskssuchaspartitioningandmappingof applicationontoan
abstractarchitecturalplatform, often requiresexplicit speci�-
cationof codeanddatapartitionsin models.Similarly, synthe-
sis tools typically requiremodelswithout pointers,recursive
functions,dynamicmemoryallocation,andsoon. Sincestruc-
turalhierarchy is oneessentialfeatureneededby systemdesign
tools,we addresstheproblemof creatingwell-structuredSoC
modelsin thispaper.

A. Motivation

Structuralhierarchy is a critical propertyneededby system
designtools [7]. With a well-structuredmodel, the architec-
ture exploration tools can attemptdifferent codepartitioning
by groupingandre-groupingdifferentencapsulatedblocksand
mappingthemonto differentcomponentsin the virtual archi-
tecture.
In orderto studythe intricaciesandcomplicationsinvolved in
creatinga systemspeci�cation,we applieda top-down design
methodology, asshown in Figure1, to theexampleof a multi-
mediaapplication,aMP3audiodecoder. Here,thedesignpro-
cessstartswith an abstractspeci�cationmodelwhich is then
re�ned to createmodelsat lower abstractionlevels, including
transaction-level, bus-functionaland implementationmodels.
After a seriesof re�nement steps,an actual implementation
model is �nally derived. Eachof the re�nement stepsin the
design�o w is automatedto theextentthatmodelgenerationis
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fully automatic,andthedesignerhasto only make thedesign
decisionssuchascomponentallocation,mappingandschedul-
ing. Due to this automation,we wereable to implementour
MP3 decodermodel,an industry-sizeapplication,in lessthan
one week [3]. In contrast,manuallyre-codingthe MP3 ref-
erencecodeinto a structuredspeci�cation model took 12-14
weeks. Writing andre-writing this modelwas the main bot-
tleneckof the whole designprocess. More than 90% of the
overall designtimewasspentin creatingthismodel.
Also, we needto emphasizethatspeci�cationcapturingis not
a one time task. Every time a changein the designis re-
quired for a successfulre�nement step,it is necessaryto re-
code/changethe input speci�cation(asshown by backarrows
in Figure 1), making the whole task of speci�cation writing
iterative. Suchinterruptionsin the design�o w causecostly
delays. The problemof lengthy re-codingof modelsis also
emphasizedin [11, 8].
In this paperwe presenta setof automaticsourcecodetrans-
formationsneededto createstructuralhierarchy in thesystem
model. Thesetransformationsare integratedinto a program-
ming environmentwhich facilitatesfastconversionof ”�at” C
codeinto ahierarchicalsystemmodel.

B. RelatedWork

Theeffectivenessof today'ssystemdesign�o wsdependson
thequalityof theinitial speci�cationmodel.However, thecre-
ation of this model from the readily availableC referencesis
a problemwhich hasnot received muchattention. Typically,
the designeris expectedto manuallycreatethe speci�cation
of acceptablequality to suitetools. [12] providesuserguided
transformationsfor functional partitioning and structuralre-
organizationto transforma systemlevel speci�cation in sys-
tem designlanguage(SDL [10]) into a HW/SW architecture
in C/VHDL. Unlike this work, our work focuseson creating
a model with structuralhierarchy from a �at unstructuredC
code.TheCompaantool-set[13] transformsasequentialappli-
cationwritten in Matlabinto aKahnProcessNetwork thatacts
as input model for architectureexplorationof multiprocessor
architectures.Sprint [14] from IMEC transformsa sequential
C programto a task-level pipelinedprogramin SystemC,with
user-de�ned taskboundaries.Unlike these,theprimary focus
of ourwork is to createawell-structuredandanalyzablemodel
in SystemLevel DesignLanguage(SLDL) from C codeunder
thecontrolof thedesigner. In ourapproach,thedesigneris not
restrictedto onetype of model. Instead,she/hehascomplete
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control (”designer-in-the-loop”) to code/re-codethe model in
orderto arriveat themostsuitablespeci�cationmodel.

I I . MODELING STRUCTURAL HIERARCHY

The”�at” C languageis insuf�cient whenit comesto mod-
eling structuralhierarchy. SystemLevel Design Languages
(SLDLs)suchasSystemC[9] andSpecC[7], whicharesuper-
setsof theC language,have thenecessarylanguageextensions
to specifystructuralhierarchy andto isolatecomputationfrom
communication. In particular, SLDLs provide an extra level
of scopecomparedto the C language.This differenceis de-
pictedin Figure2. In caseof C, thereareonly 2 majorlevelsof
hierarchy, global scopewhich consistsof variablesandglobal
functions,and local scopeconsistingof function parameters
andlocal variables.Elementsin theglobalscopeareglobally
availableacrossthewholeprogram.
In SLDLs, in contrast,thereis anadditionallevel of hierarchy
available throughclasseswhich representmodules/behaviors
andchannels.This classscopecontainsports,membervari-
ables,instancesof otherclasses,andmethods.Methods,just
like functions,have their own local scopeconsistingof local
variablesandparameters1. Connectivity from higherlevelsto
theclassscopeis availablethroughports.Thisadditionallevel
of hierarchy availablein SLDLs is usedto describestructural
hierarchy in SoCmodels.
ThoughC functionscanbe thoughtof ascomputationencap-
sulationentities,assuchthey areinsuf�cient in providing iso-
lation from communication.Systemdesigntoolsrequirecom-
putationblocks,communicationchannelsandinterfacesto be
explicitly speci�ed. SLDLs provide behaviors and channels
to capturethe computationandcommunication,respectively.
Theseencapsulationentitiesprovide a meansto explicitly and
unambiguouslyspecify the communicationinterfacethrough
ports.Portsprovide a meansto specifynot only thedatatype,
but also the type of access(Read,Write, Read-Write)using
in, out, and inout directions. Useof behaviors/moduleswith
properport mappingsmakesit possibleto staticallyrepresent
andanalyzethe structuralhierarchy andconnectivity of a de-
signmodel.

A. ProblemDe�nition

Introducingstructuralhierarchy in �at C codein orderto cre-
ateawell-structuredSoCmodelin SLDL involvesintroducing
thisnew classscopeandencapsulatingtheglobalvariablesand
global functions. Local scopesof functionsarealsoencapsu-
latedwithin theclassscope.Thisproblemof introducingstruc-
turalhierarchy is depictedin Figure3. Theinitial �at C model,

1Minor levelsof scopesarealsopossiblethroughcompoundstatementsin
bothC andSLDLs. These,however, omittedin the�gure for brevity.
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Model0,with n globalvariablesandmglobalfunctions,is �rst
convertedinto a SLDL model,Model1,with oneinitial Main
class.Typically, this initial classbecomesthetestbenchof the
designinto whichotherclassesincludingthedesign-under-test
(DUT) aresuccessively instantiated.Following this, theglobal
functionsin themodelareencapsulatedin anew classscopein
aseriesof N iterativestepscreatingn0 classeswith m0 member
variables,andideally0 globalentities.
This problem of introducing structuralhierarchy includes3
sub-problems:

1. Encapsulatingn global functionsinto n0 classes,by fol-
lowing thefunctioncall hierarchy in top-down order

2. Analysisto determinethevariablesaffectedby introduc-
tion of new classscopes

3. Migration of global and local variablesinto appropriate
classscope,globalscopeor local scope.

4. Establishingconnectionsthroughchannels,portsandpa-
rametersto make thecommunicationexplicit.

As we cansee,creatingstructuralhierarchy is a complex pro-
cess,which is very error-proneandtime consumingwhenper-
formedmanually. In thispaper, weproposeatechniquethatau-
tomatesmostof thesetasks.In particular, thetasksof analysis,
encapsulatingandestablishingconnectionscanbeautomated.
Only thetasksrequiringdecisionmakingbasedon application
knowledgeanddesignerexperience,suchasdeterminingthe
functionsto be encapsulatedandthe destinationof migrating
variables,arecontrolledby the designer. In the next section,
we will presentour sourcelevel transformationsthat imple-
mentthisapproach.

I I I . CREATING STRUCTURAL HIERARCHY

The partial structureavailablein the C codein the form of
functionscanbeusedasstartingpoint to createa properstruc-
tural hierarchy in the model. Most functionscan be encap-
sulatedinto separatebehaviors to createamodularSoCmodel.
By staticanalysis,thefunctioncall hierarchy of theoverallpro-
gramis generated.Figure4(a)shows anexamplefunctioncall
hierarchy2. Functionf1() calls f2()which in turn calls f3() and
f4(). This call chain is then traversedin the hierarchicalor-
derandthe functionsareencapsulatedin behavior shellswith
de�nite interface. Figure4(b) shows the resultingsyntactical
structureafterencapsulation.Figure4(c) shows thestructural

2Note that function hierarchy only provides informationabouta function
andthechild functionsit calls. It doesnot indicatetheorderof thefunctions.

int func( int w, int x, int *p)

{ *p  = w+x+*p}

/* … */

pointer = &s

c= func (a, b[i], pointer)

/*…*/

}

I: {R:a, R:b[10], R: i, RW:s, W: c }

Complete interface

(a) Code Snippet (b)  Interface of func()

Fig. 5. Determiningstaticallyanalyzableinterfaceof codeblocks

1. int a[32], b[16], c, d, x; 
2. …
3. x = i *i;             //CAT(x) in this block is RW
4. a[i]++;              //CAT(a) in this block is RW
5. a[2i] = c+d;      //CAT(c,d)  in this block is R
6. b[i] = c*d-x;    //CAT(b)  in this block is W

Fig. 6. Cumulativeaccessof variablesin ablock

hierarchy of theresultingmodel.
More speci�cally, theprocessof encapsulatingC codeblocks
into behaviors involvesmultiplesteps:

(a) Determiningthe staticallyanalyzableinterfaceof the se-
lectedblockof C code

(b) Re-codingto encapsulatethe block in a behavior/module
class

(c) Instantiatingthenew classandreplacingthe functioncall
with acall to thenew instance

A. Staticallyanalyzableinterface

The interfaceof an encapsulatingclassis the list of data
itemsthe classaccesses.An unambiguousinterfacecontains
accesstypeinformation(direction)anddoesnot includepoint-
ers, and doesnot dependon run-time values. When all the
classesin the modelhave a well-de�ned interface,the design
toolscanfully rely on this interfacewithout having to analyze
the body of the block. Figure5 shows a pieceof C codeand
thecorrespondinginterfaceof a functionfunc().
The completeinterfacecontainsthe accesstype information
(suchasread/write).This informationwill belaterusedto gen-
eratetheappropriatedirectionof theports(in, out, inout). The
interfaceof a block is determinedby analyzingthe Cumula-
tive AccessTypes(CAT) of all thevariableswithin theblock,
andrevealsthe accesstype of all containedscalarandvector
variables.Theoverall accessof a variablein a block is theac-
cumulationof all local accessesin the individual expressions,
asshown in Figure6[4]. Thiscanberepresentedas

CAT (var ) = [ Access(expr); 8expr 2 block

We classify the cumulative accessesto variablesinto 3 cat-
egories,Read(R),Write(W), and Read-Write(RW). Figure 6
shows variables with 3 different cumulative accesstypes
(CATs). Sincewewanttheinterfaceto bestaticallyanalyzable,
for any vectoraccessedusinga non-constantindex variable,a
safeassumptionis madeandthewholearrayis assumedto be
accessed.If theaccessto thespeci�c arrayelementscannotbe
determinedstatically, asfor b[i] in Figure5, thecompletein-
terfaceincludesthewholearrayb andtheindex i. If thereis a
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pointerin the interface,thenusingthepointertheblock could
accessmorethanonevariableat run-time. This ambiguity is
overcomeby using a �o w-insensitive and context-insensitive
pointeranalysis[2] and replacingthe pointerwith the actual
variableit pointsto [5]. In Figure5 thepointeris replacedwith
theactualvariables. Notethatthereturnvalueof thefunction
(variablec) must also be consideredas part of the interface
(with write accesstype).

B. Encapsulatingfunctions

Theoverview of re-codinginvolvedin convertinga function
into abehavior is shown in Figure7. The�gure only showsthe
encapsulationaspectof structuralhierarchy and not the con-
nectivity aspect.The interfacegeneratedin the previous step
is usedto createthe port list of the new behavior. Eachport
containsthedirectioninformation(in, out, inout) which is de-
rivedfrom thecumulativeaccessinformationdeterminedin the
previous step. Figure8(a) shows an examplemodelwith be-
havior B calling function f1(). This function is encapsulated
into a new behavior B f1 asshown in Figure8(b). The func-
tion call is re-scopedfrom its originalscopeinto thenew scope
of the behavior (B f1). The new behavior is createdwith the
body containinga function call to the function (line 3 in Fig-
ure8(b)).
After creatingthe new behavior, the behavior needsto be in-
stantiated.Thenew behavior is instantiated(I B f1) in its par-
entbehavior (B, line 13). Theport mapneededfor the instan-
tiation is generatedby analyzingthe function argumentsand
usingthe port list of the newly createdbehavior asreference.
The port mapfor instanceI B f1 is (a, b, i1, s, result). Also
notethat,thevariablesa, b, i1, s, which wereoriginally in the
local scopeof function B::main(), arenow re-scopedinto B.
This is necessaryasthesevariablesareneededfor port map-
ping. After creatingthe instance,the original function call in
parentbehavior B is replacedwith thecall to thenewly created
instance(line 21).

C. Encapsulatingstatements

Similar to encapsulatingfunctions,regularC statementscan
alsobe encapsulated.This transformationis necessaryto en-
capsulatestatementsthatexist betweeninstancesof behaviors
so as to have a cleancompositionof behaviors at eachhier-
archicallevel. This transformationis similar to encapsulating
functionsandthusleft out for brevity.

D. Establishingconnectivity

Encapsulatingfunctionsandstatementsis just oneaspectof
structuralhierarchy. After encapsulatingtheglobal functions,

1. behavior B ( in int p1, in int p2,  
out int result)

2. {
3. void main( )
4. {
5. int i1, a, b[10], s, *pa;
6. a = p1+p2;
7. s = p1-p2;
8. pa = &s;
9. ¼ ..
10. result = f1(a, b[i1], pa);
11. ¼ ..
12. }
13. int f1( int w, int x, int *p)
14. { *p  = w+x+*p;
15. return *p;
16. }
17.};

(a) Original model (Model 1) (b) Function encapsulated in behavior (Model 2)

1. behavior  B_f1( in int w, in  int
x[10], in int i, inout int s, out int c) {

2. void main()
3. {  c= f1(w, x[i], &s);
4. }
5. int f1( int w, int x, int *p)
6. { *p  = w+x+*p;
7. return *p;
8. }
9. };
10. behavior B (in int p1, in int p2, out int     

result) {
11. int a, b[10], i1, s;
12. //Instantiate child behavior here
13. I_B_f1(a, b, i1, s, result);
14. void main( )
15. {
16. int *pa;
17. a = p1+p2;
18. s = p1-p2; 
19. pa = &s;
20. ¼ ..
21. I_ B_f1.main();
22. ¼ ..
23. }
24. } ;

Fig. 8. Encapsulatingfunctioninto behavior

theglobalvariablesin theglobalscopemustbemigratedfrom
theglobalscopeto aclassscopewherethey areused.After do-
ing so,sincethevariableis no longerglobal,explicit connec-
tion needsto beestablishedby insertingportsin all thebehav-
iors recursively acrosstheentirehierarchy of behaviors. This
transformationanalyzesthe accessof the variablesacrossthe
programanddeterminesthelowestcommonparentscope.The
variableis migratedinto thatscopeandestablishestheconnec-
tion by insertingportsandparametersin all thebehaviors and
functionsaffected.This transformationis discussedin detailin
[6].

IV. RECODING COMPLEXITIES

The automatictransformationsmustgeneratea model that
is syntacticallycorrectandsemanticallythesameastheinitial
�at model. Thoughthe programtransformationsdescribedin
theprevioussectionseemstraightforwardandsimple,thereare
complexities which, if not addressed,could resultin incorrect
code. Someof thesecomplexities arisebecauseof the differ-
encein the semanticsof the functionsandbehaviors. For ex-
ample,the semanticsof function parametersis differentfrom
thesemanticsof ports.Whenfunctionparametersarereplaced
with ports, it is necessaryto maintainthe pass-by-value and
pass-by-addresssemantics.Thisisensuredbyadheringtostrict
recodingrules. For example,a function parameterpassedas
valuecanonly bereplacedwith an in port irrespective of how
thevariableis accessedwithin thefunctionbody. Functionpa-
rameterspassedasaddresscanbereplacedwith any of theports
asdeterminedby CAT analysis.
Someof the complexities arisebecauseof the programming
style. Sinceexpressionscannotappearin the portmapof an
instance3, expressionsin function argumentssuchas w+x in
line 3 of Figure9(a) mustbe �rst evaluatedinto a temporary
variablewx (line 6 in Figure9(b)) andthis temporaryvariable
is usedfor portmapping(line 4). Similarly, when the return
value from the function is ignoredor readimplicitly (line 3
Figure9(a)),anexplicit variable(retval) is createdto hold the
returnvalueandall the implicit readsof the returnvalueare
replacedwith theexplicit readof this variableasshown by the

3Having anexpressionin thetheportmapresultsin ambiguityregardingthe
locationof theexpressionevaluation.



1. int func(int, int, int);
2. /*¼ */
3. if (func(w+x, y, z))
4. { /* do */
5. }

1. behavior B_func (in int, in int, in int, out int);
2. /*¼ */
3. int wx, retval;
4. B_func I_B_func (wx, y, z, retval); //Instance
5. /*¼ */
6. wx=w+x;
7. I_B_func.main(); 
8. if (retval)
9. { /* do */
10.}

(a) Initial code with function func() (b) Code after replacing func() with behavior

Fig. 9. Recodingcomplexities

modi�ed if structurein line-3. When a variablein the local
scopeof thefunctionis migratedintoaclass,it becomesastatic
variableandbecomesavailablein thelargerscope,thusbecom-
ing availableto all themembersin thescope.Thetransforma-
tion hasto ensurerenamingof the variable in caseof name
clashes.
The other complexities due to useof arraysand pointersin
functioncallsarehandledasdescribedin SectionB.

V. RESTRICTIONS

Thoughthe transformationsareautomaticandhandlemost
of the practicalC codes,someprogrammingconstructscan-
not be handledby our transformations.Encapsulatingfunc-
tions appliesonly to internal functions,as opposedto exter-
nal/library functions. If thepointeranalysisfails to determine
the target variable,or if the pointer is determinedto point to
more than one variable, then the transformationis not per-
formed. Further, encapsulatingstatementsis dif�cult in pres-
enceof conditionalgoto statementswhich could transferthe
control�o w into thestatementblockunderconsideration.

VI . SOURCE RE-CODER

The structureof the SoCmodeldependson the underlying
platform,applicationandalsothearchitecturethedesignerhas
conceptualized.It is necessaryto give control to thedesigner
so thatshe/hecancreatea modelthat is mostsuitableto their
needs.Further, in many C codesdesigner's inputsarecritical
in resolvingmany staticallyunanalyzablecodingscenariosin-
volving pointers,unstructuredcontrol �o w (goto statements),
recursive functions, and more. For example, in the context
of introducingstructuralhierarchy, whenthereexistsmultiple
functioncalls to the functionbeingencapsulated,designerin-
put is neededto decidethenumberof instancesto becreated.
Meetingtheserequirementsnecessitatesa designer-controlled
environment,wherethe designermakes the designdecisions
andthetediousrecodinghappensthroughautomation.
To aidthedesignerin codingandre-coding,wehaveintegrated
ourtransformationsintoasourcere-coder. Thesourcere-coder
is a controlled,interactive approachto implementanalysisand
recodingtasks.In otherwords,it is anintelligentunionof ed-
itor, compiler, andpowerful transformationandanalysistools.
There-codersupportsre-modelingof SLDL modelsat all lev-
elsof abstraction.It consistsof 5 maincomponents:

� Textualeditormaintainingtextualdocumentobject
� AbstractSyntaxTree(AST) of the designmodelto cap-

turethestructureof theprogram
� Preprocessorand Parserto convert the documentobject

into AST

� Transformationandanalysistool set
� Codegeneratorto applychanges

When the transformationto createstructuralhierarchy is in-
voked, the functional hierarchy of the input programis �rst
presentedto thedesigner. Thedesignerinvokestheautomatic
transformationson selectedfunctionsbasedon her/hisknowl-
edgeof the applicationwith a click of a button. The source
codetransformationsare performedand presentedto the de-
signerinstantlyin theeditorwindow. AST is designedto cap-
turethecompletestructureof theprogramsothatthecodegen-
eratorcangeneratethecodein its nearoriginal form. Thede-
signercanalsomake changesto thecodeby typing andthese
changesareappliedto the AST on-the-�y, keepingit updated
all thetime. This intelligentmix of applicationknowledgeand
theautomationof therecodingmakesour transformationvery
effective. Using sourcerecoder, tediousandtime-consuming
manualprogrammingis replacedby automaticprogramming.

VI I . EXPERIMENTS AND RESULTS

We appliedour sourcerecoderon differentreal-life embed-
dedC codesto createmodelswith structuralhierarchy. The
transformationwere implementedto createa well-structured
modelin SpecC[7] SLDL. First, we will demonstratetheuse
of sourcerecoderonaMP3decoderdesignexample.TheMP3
examplehad30 functionsandspannedaround3000 lines of
code. Using thesourcerecoder43 behaviors wereintroduced
to createthestructuredmodel. First themajor functionswere
convertedinto behaviors,following whichtheC statementsbe-
tweenthemwereencapsulated.Notethatnot all thefunctions
wereencapsulatedinto behaviorsassomeof thefunctionswere
too small andwerecalledtoo often to be regardedasspecial
computationblocks. An examplecodestructureof partof the
codesegmentandthe correspondingstructuralhierarchy cre-
atedusingoursourcere-coderis shown in Figure10.
Themainadvantageof creatingstructuralhierarchy andmak-
ing the modelmoreanalyzableis to enableautomaticdesign
exploration.To conductautomaticdesignexploration,weused
the SCE tool-set[1]. The automaticre�nement tool expects
a model with cleanstructuralhierarchy with all the compu-
tation blockscompletelyencapsulated.At every hierarchical
level, the tool expectsthe behavior to containeither only C
code(suchbehaviorsknown asleafbehaviors)or composedof
behavior instances.Using onesuchstructuredSoCmodelof
theMP3decoder, wewereableto evaluate6 differentHW/SW
architecturesusingtheSCEarchitecturere�nementtool.

A. Productivity factor

Our sourcere-coderresultsin signi�cant reductionin de-
sign time of the SoCmodel. To demonstratethis, we applied
thesourcerecoderondifferentindustrialstrengthdesignexam-
ples.Fourof theseexamplesarelistedin TableI. Eachof these
examplesspannedfew thousandlinesof code. The tablepro-
videsthenumberof functionsin theinput C codeandnumber
of behaviorsthatwereintroducedto createwell-structuredSoC
model.Thebehaviors werecreatedby encapsulatingfunctions
andstatements.The functionsfor encapsulationwerechosen
basedon our knowledgeof the application. Small functions
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TABLE I
PRODUCTIVITY GAIN FOR DIFFERENT EXAMPLES

Properties JPEG Float-pointMP3 Fix-pointMP3 GSM
Linesof C code 1K 3K 10K 10K

C Functions 32 30 67 163
Linesof SpecCcode 1.6K 7K 13K 7K

Behaviorscreated 28 43 54 70
Re-codingtime � 30mins � 35mins � 40mins � 50mins
Manualtime 1.5week 3 weeks 2 weeks 4 weeks

Productivity factor 120 205 120 192

which are called often, suchas getbits(), were left as global
functions. Using the automatictransformationsin the source
recoder, thesemodelswerecreatedin a matterof minutes. In
the past, thesetransformationswere conductedmanuallyon
eachof theseexamplesby different designers.This manual
recodingtook weeksof developmenttime asshown in TableI.
Usingoursourcerecoder, thewell-structuredSoCmodelswere
createdin the orderof minutesinsteadof weeks,resultingin
largeproductivity gains.

VI I I . SUMMARY AND CONCLUSIONS

The lack of structuralhierarchy andthe presenceof ambi-
guitiesmakesthedirectadoptionof C codefor systemexplo-
rationandsynthesisdif�cult. Thedesignexplorationandsys-
temsynthesistoolsrequiremodelswith cleanstructuralhierar-
chy, wherethecomputationblocksareencapsulatedandhave
a staticallyanalyzableinterface.Thequality of this input SoC
modeldirectly determinesthe effectivenessof the systemde-
signtools. Creatingthis structuralhierarchy andpreparingthe
modelsfor systemsynthesisis a critical and extremely time
consumingtaskwhenperformedmanually.
In thispaper, weproposedautomaticsourcetransformationsto
createmodelswith structuralhierarchy from theC code. The
transformationsusethe existing partial structureavailable in
theform of functionalhierarchy to createbehaviors with static
interface. To control the structureof the modelbeinggener-
ated, the transformationsare madeavailable to the designer
in the form of an intelligent editor. The designerselectively
choosessigni�cant functionsand statementblocks to be en-
capsulatedandinteractively invokesthetransformationtoolsto
realizethecodetransformationson-the-�y.
We showed that the transformationsareeffective on real-life

designexamples.Theoriginal codewith �at structure,which
madethe automaticarchitecturalexploration tool ineffective,
wastransformedinto a structuredmodelwhichcouldfacilitate
exploration of multiple HW/SW partitionings. This automa-
tion of tediousrecodingtasksanduseof designer's knowledge
makesour sourcerecodereffective on real-life examplesand
resultsin largeproductivity gains.
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