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Abstract— The quality of the input systemmodel hasa direct
bearing on the effectivenesf the systemexploration and synthe-
sistools. Givena well-structur ed systemmodel, toolstoday are ef-
fective in generatingef cient implementations. However, readily
available referenceC codesare not conducive for systemsynthe-
sisasthey lack the necessarystructur e and analyzability needed
by the design ow. Usually referenceC codeis manually con-
verted into a SoC model by applying necessarntransformations.
The type of transformations dependson the underlying design
ow and tools. Proper structural hierarchy is one essentialfea-
ture neededfor architectural exploration. In this paper, we pro-
vide automatic C codetransformations to encapsulatefunctions
and insert structural hierarchy to createwell-structured and an-
alyzable SoC models. Our automatic transformations, combined
with interactive application of the designer's knowledge and ex-
perience,enablefaster creation of structural hierarchy in C mod-
elsand henceresultin signi cant reduction of the overall design
time.

|. INTRODUCTION

The large availability of embeddedpplicationsn theform
of referenceC code has made C implementationsa natural

startingpointof mostSystem-On-ChigSoC)designprocesses.

Easily obtainedfrom open-sourcerojectsand standardizing
committeestheseC codesnot only sene asreferencenodels
for functional veri cation purposeshut also canbe usedfor
derving endSoCimplementationsHowever, therearesignif-
icant obstaclesn directly using such C sourcesfor the SoC
designprocessFirstof all, theseC codestypically comefrom
differentsourcessuchasthe signal-processingr the general-
purposeprogrammingcommunity Often, thesesourcesare
designedand optimizedto run on a regular PC ervironment
wheretheintendedargetmachinearchitecturés known. How-
ever, suchcodeis usuallynot suitablefor SoCdesignwherea
customtarget architecturewith multiple processingelements
is still to be derived, andwherea chainof tools (ratherthana
singlecompiler)will beusedto derive theendimplementation.
Secondthe C languagéitself posesnumerouschallengedor
systemdesigntools. The freedomavailable througha range
of programmingconstructsnake the modelsambiguougo the
systemdesigntools. Commonly usedconstructssuchas C
pointers,dynamicmemoryallocation,recursionandmore,re-
sultin ambiguitiesandnegatively affect the analyzability ver-

i ability andsynthesize-abilityf thetools.
Systemdesigntoolsrequirea clearstructureandanalyzability
in theirinput models. The modelfeaturesexpectedby the de-
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Fig. 1. Motivation: Designtime of MP3 decodeiin are nement-based
systemdesign o w [1].

signtoolsdependon thetasksundertaken by thetools. For in-

stance system-lgel architecturesxploration, which performs
taskssuchas partitioningand mappingof applicationonto an
abstractarchitecturalplatform, often requiresexplicit speci -

cationof codeanddatapartitionsin models.Similarly, synthe-
sis tools typically require modelswithout pointers,recursve
functions,dynamicmemoryallocation,andsoon. Sincestruc-
turalhierarcly is oneessentiafeatureneededy systendesign
tools, we addresghe problemof creatingwell-structuredSoC
modelsin this paper

A. Motivation

Structuralhierarcly is a critical propertyneededy system
designtools [7]. With a well-structuredmodel, the architec-
ture exploration tools can attemptdifferent code partitioning
by groupingandre-groupingdifferentencapsulatetlocksand
mappingthemonto differentcomponentsn the virtual archi-
tecture.

In orderto studythe intricaciesandcomplicationsnvolvedin
creatinga systemspeci cation,we applieda top-davn design
methodologyasshavn in Figurel, to the exampleof a multi-
mediaapplicationaMP3 audiodecoderHere,thedesignpro-
cessstartswith an abstractspeci cation modelwhich is then
re ned to createmodelsat lower abstractiorlevels, including
transaction-leel, bus-functionaland implementationmodels.
After a seriesof re nement steps,an actualimplementation
modelis nally derived. Eachof the re nementstepsin the
design o w is automatedo the extentthatmodelgeneratioris
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fully automatic,andthe designemasto only make the design
decisionssuchascomponenallocation,mappingandschedul-
ing. Due to this automationwe were able to implementour
MP3 decodemodel,anindustry-sizeapplication,in lessthan
oneweek[3]. In contrastmanuallyre-codingthe MP3 ref-

erencecodeinto a structuredspeci cation modeltook 12-14
weeks. Writing and re-writing this modelwas the main bot-

tleneckof the whole designprocess. More than 90% of the
overall designtime wasspentin creatingthis model.

Also, we needto emphasizéhat speci cationcapturingis not
a one time task. Every time a changein the designis re-

quiredfor a successfuke nementstep, it is necessaryo re-

code/chang¢he input speci cation (asshawvn by backarrovs

in Figure 1), making the whole task of speci cation writing

iterative. Suchinterruptionsin the design ow causecostly
delays. The problemof lengtty re-codingof modelsis also
emphasizedh [11, 8].

In this paperwe presenta setof automaticsourcecodetrans-
formationsneededo createstructuralhierarcly in the system
model. Thesetransformationsre integratedinto a program-
ming environmentwhich facilitatesfastcorversionof ” at” C

codeinto a hierarchicakystemmodel.

B. RelatedWork

Theeffectivenesof today's systemdesign o ws depend®n
the quality of theinitial speci cationmodel.However, thecre-
ation of this modelfrom the readily available C referencess
a problemwhich hasnot receved muchattention. Typically,
the designeris expectedto manually createthe speci cation
of acceptableuality to suitetools. [12] providesuserguided
transformationdor functional partitioning and structuralre-
organizationto transforma systemlevel speci cationin sys-
tem designlanguage(SDL [10]) into a HW/SW architecture
in C/VHDL. Unlike this work, our work focuseson creating
a modelwith structuralhierarclty from a at unstructuredC
code.TheCompaariool-seff13] transformsasequentiaappli-
cationwrittenin Matlabinto a KahnProcesdNetwork thatacts
asinput modelfor architecturesxploration of multiprocessor
architectures Sprint[14] from IMEC transformsa sequential
C programto atask-level pipelinedprogramin SystemCwith
userde ned taskboundaries.Unlike these the primary focus
of ourwork is to createawell-structurecandanalyzablenodel
in SystemLevel DesignLanguaggSLDL) from C codeunder
thecontrolof thedesignerin our approachthedesigneiis not
restrictedto onetype of model. Instead,she/hehascomplete
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Fig. 3. Introducingstructuralhierarcly

control ("designerin-the-loop”) to code/re-code¢he modelin
orderto arrive atthemostsuitablespeci cationmodel.

Il. MODELING STRUCTURAL HIERARCHY

The” at” C languagss insufcient whenit comesto mod-
eling structuralhierarcly. SystemLevel Design Languages
(SLDLs)suchasSystem9] andSpecd7], which aresuper
setsof the C languagehave the necessarjanguagesxtensions
to specifystructuralhierarcly andto isolatecomputatiorfrom
communication. In particular SLDLs provide an extra level
of scopecomparedo the C language. This differenceis de-
pictedin Figure2. In caseof C, thereareonly 2 majorlevelsof
hierarcly, global scopewhich consistsof variablesandglobal
functions, and local scopeconsistingof function parameters
andlocal variables.Elementsin the global scopeareglobally
availableacrosghewhole program.

In SLDLs, in contrastthereis anadditionallevel of hierarcly
available through classeswhich represenimodules/behaors
and channels. This classscopecontainsports, membervari-
ables,instanceof otherclassesand methods. Methods,just
like functions, have their own local scopeconsistingof local
variablesandparameters. Connectvity from higherlevelsto
theclassscopeis availablethroughports. This additionallevel
of hierarcly availablein SLDLs is usedto describestructural
hierarcly in SoCmodels.

ThoughC functionscanbe thoughtof ascomputationencap-
sulationentities,assuchthey areinsufcient in providing iso-
lation from communication.Systemdesigntools requirecom-
putationblocks,communicatiorchannelsandinterfacesto be
explicitly speci ed. SLDLs provide behaiors and channels
to capturethe computationand communication respectiely.
Theseencapsulatiorntitiesprovide a meango explicitly and
unambiguouslyspecify the communicationinterface through
ports. Portsprovide a meango specifynot only the datatype,
but alsothe type of accesgRead, Write, Read-Write)using
in, out, andinout directions. Use of behaiors/moduleswith
properport mappingsmakesit possibleto staticallyrepresent
andanalyzethe structuralhierarcly and connectity of a de-
signmodel.

A. ProblemDe nition

Introducingstructurahierarcly in at Ccodein orderto cre-
ateawell-structuredSoCmodelin SLDL involvesintroducing
this new classscopeandencapsulatingheglobalvariablesand
global functions. Local scopesof functionsare alsoencapsu-
latedwithin theclassscope.This problemof introducingstruc-
turalhierarcly is depictedn Figure3. Theinitial at C model,

IMinor levels of scopesarealsopossiblethroughcompoundstatementin
bothC andSLDLs. Thesehowever, omittedin the gure for brevity.
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Fig. 4. Convertingfunctioncall chainto structurahierarcly

ModelO,with n globalvariablesandm globalfunctions,is rst
convertedinto a SLDL model,Modell, with oneinitial Main
class.Typically, thisinitial classbecomeghetestbenctof the
designinto which otherclassesncludingthedesign-undetest
(DUT) aresuccessiely instantiated Following this, the global
functionsin themodelareencapsulateth a new classscopen
aseriesof N iterative stepscreatingn® classesvith m® member
variablesandideally O globalentities.

This problem of introducing structural hierarcly includes3
sub-problems:

1. Encapsulatingn global functionsinto n° classespy fol-
lowing thefunctioncall hierarcly in top-davn order

2. Analysisto determingthe variablesaffectedby introduc-
tion of new classscopes

3. Migration of global and local variablesinto appropriate
classscopeglobalscopeor local scope.

4. Establishingconnectionghroughchannelsportsandpa-
rametergo make the communicatiorexplicit.

As we cansee creatingstructuralhierarcly is a complex pro-
cesswhichis very errorproneandtime consumingvhenper
formedmanually In thispaperwe proposeatechniquehatau-
tomateanostof thesetasks.In particular thetasksof analysis,
encapsulatingindestablishingconnectionsanbe automated.
Only thetasksrequiringdecisionmakingbasedon application
knowledge and designerexperience,suchas determiningthe
functionsto be encapsulatedndthe destinationof migrating
variables,are controlledby the designer In the next section,
we will presentour sourcelevel transformationghat imple-
mentthis approach.

I1l. CREATING STRUCTURAL HIERARCHY

The partial structureavailablein the C codein the form of
functionscanbe usedasstartingpointto createa properstruc-
tural hierarcly in the model. Most functionscan be encap-
sulatednto separatdehaiorsto createamodularSoCmodel.
By staticanalysisthefunctioncall hierarcly of theoverallpro-
gramis generatedFigure4(a) shovs anexamplefunctioncall
hierarcly?. Functionfl() callsf2()whichin turn callsf3() and
f4(). This call chainis thentraversedin the hierarchicalor-
derandthe functionsareencapsulateth behaior shellswith
de nite interface. Figure4(b) shavs the resultingsyntactical
structureafter encapsulationFigure 4(c) shavs the structural

2Note that function hierarcly only providesinformationabouta function
andthechild functionsit calls. It doesnotindicatethe orderof thefunctions.

int func(int w, int x, int *p)
{*p =wx+*p}

/> ¥

pointer = &s

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

c= func (a, b[i], pointer)
I*..*
}

Complete interface

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

Fig. 5. Determiningstaticallyanalyzablenterfaceof codeblocks

1. int a[32], b[16], c, d, Xx;
2

3.x=i%;

/ICAT(x) in this block is RW
4. afi]++; /ICAT(a) in this block is RW
5.a[2i] =c+d; /ICAT(c,d) in this block is R
6. b[i] = c*d-x; //CAT(b) in this block is W

Fig. 6. Cumulatve acces®f variablesn ablock

hierarcly of theresultingmodel.
More speci cally, the procesf encapsulatingc codeblocks
into behaiors involvesmultiple steps:

(a) Determiningthe statically analyzableinterface of the se-
lectedblock of C code

(b) Re-codingto encapsulate¢he block in a behaior/module
class

(c) Instantiatingthe new classandreplacingthe function call
with a call to thenew instance

A. Staticallyanalyzablenterface

The interface of an encapsulatingslassis the list of data
itemsthe classaccessesAn unambiguousnterfacecontains
accessypeinformation(direction)anddoesnotincludepoint-
ers, and doesnot dependon run-time values. When all the
classesn the modelhave a well-de ned interface,the design
toolscanfully rely onthis interfacewithout having to analyze
the body of the block. Figure5 shavs a pieceof C codeand
thecorrespondingnterfaceof afunctionfunc()

The completeinterface containsthe accessype information

(suchasread/write).Thisinformationwill belaterusedto gen-

eratetheappropriatairectionof the ports(in, out, inout). The

interface of a block is determinedby analyzingthe Cumula-
tive AccessTypes(CAT) of all the variableswithin the block,

andrevealsthe accesgype of all containedscalarand vector
variables.The overall acces®f avariablein ablock s theac-

cumulationof all local accesses theindividual expressions,
asshavn in Figure6[4]. Thiscanberepresenteds

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

We classify the cumulative accesseso variablesinto 3 cat-
egories, Read(R),Write(W), and Read-Write(RV). Figure 6
shavs variables with 3 different cumulatve accesstypes
(CATs). Sincewe wanttheinterfaceto bestaticallyanalyzable,
for ary vectoraccessedsinga non-constanindex variable,a
safeassumptionis madeandthe whole arrayis assumedo be
accessedf theaccesgo thespeci ¢ arrayelementcannotbe
determinedstatically asfor b[i] in Figure5, the completein-
terfaceincludesthewhole arrayb andtheindex i. If thereis a
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pointerin the interface,thenusingthe pointerthe block could
accessnorethanonevariableat run-time. This ambiguityis
overcomeby usinga o w-insensitve and contect-insensitie
pointeranalysis[2] andreplacingthe pointerwith the actual
variableit pointsto [5]. In Figure5 thepointeris replacedvith
theactualvariables. Notethatthereturnvalueof the function
(variablec) mustalso be consideredas part of the interface
(with write accesgype).

B. Encapsulatindunctions

Theoverview of re-codinginvolvedin corvertingafunction
into abehaior is shavn in Figure7. The gure only shavsthe
encapsulatioraspectof structuralhierarcly and not the con-
nectvity aspect.The interfacegeneratedn the previous step
is usedto createthe port list of the new behaior. Eachport
containsthedirectioninformation(in, out, inout) whichis de-
rivedfrom thecumulative accessnformationdeterminedn the
previous step. Figure 8(a) shavs an examplemodelwith be-
havior B calling function f1(). This functionis encapsulated
into a new behaior B_f1 asshavn in Figure8(b). The func-
tion call is re-scopedrom its original scopento thenew scope
of the behaior (B_f1). The nen behaior is createdwith the
body containinga function call to the function (line 3 in Fig-
ure8(b)).

After creatingthe new behaior, the behaior needsto bein-

stantiated.The new behaior is instantiated| _B_f1) in its par

entbehaior (B, line 13). The port mapneededor theinstan-
tiation is generatedby analyzingthe function algumentsand
usingthe portlist of the newly createdbehaior asreference.
The port mapfor instancel B_flis (a, b, i1, s, result) Also

notethat,thevariablesa, b, i1, s, which wereoriginally in the

local scopeof function B::main(), are now re-scopednto B.

This is necessanasthesevariablesare neededor port map-
ping. After creatingthe instance the original function call in

parentbehaior B is replacedwvith thecall to thenewly created
instanceline 21).

C. Encapsulatingtatements

Similarto encapsulatinfunctions,regularC statementsan
alsobe encapsulatedThis transformatioris necessaryo en-
capsulatestatementshat exist betweeninstancef behaiors
so asto have a cleancompositionof behaiors at eachhier
archicallevel. This transformatioris similar to encapsulating
functionsandthusleft outfor brevity.

D. Establishingconnectvity

Encapsulatindunctionsandstatementss just oneaspecbf
structuralhierarcly. After encapsulatinghe global functions,

1. behavior B_f1(inintw, in int

1. behavior B (inint p1, inint p2, 10F B_1- ! A
X[10], inint i, inout int s, out int c) {

out int result)

2. void main()
3. void main() i- { c=f1(w, X[i], &s);
4 X
5. { inti1, a, b[10], s, *pa; 5. intfl(intw, int x, int *p)
6. a=pl+p2; 6. {*p =wix+*p;
7 s = pl-p2; 7. return *p;
8 pa = &s; 8.
9. Ya.. 9.}
10. result = f1(a, b[i1], pa); 10. behavior B (in int p1, in int p2, out int
11. Ya.. result) {
12. } 11 int a, b[10], i1, s;
13. int f1(int w, int x, int *p) 12. //Instantiate child behavior here
14.  {*p = w+x+*p; 13.  |I_B_f1(a, b, i1, s, result);
15. return *p; 14.  void main()
16. 15.
17} 16 int *pa;
17. a=pl+p2;
18. s = pl-p2;
19. pa=&s;
20. Ya..
21. I_B_fl.main();
22. Ya..
23. }
24.};

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

Fig. 8. Encapsulatindgunctioninto behaior

theglobalvariablesin the globalscopemustbe migratedfrom
theglobalscopeto a classscopewherethey areused.After do-
ing so, sincethe variableis no longerglobal, explicit connec-
tion needgo beestablishedby insertingportsin all thebeha-
iors recursvely acrossthe entire hierarcly of behaiors. This
transformatioranalyzeghe accesof the variablesacrossthe
programanddetermineshelowestcommonparentscope.The
variableis migratedinto thatscopeandestablishethe connec-
tion by insertingportsandparameterén all the behaiors and
functionsaffected.This transformations discussedh detailin

(6].

IV. RECODING COMPLEXITIES

The automatictransformationsnust generatea modelthat
is syntacticallycorrectandsemanticallythe sameastheinitial
at model. Thoughthe programtransformationsiescribedn
theprevioussectionseenstraightforvardandsimple,thereare
compleities which, if not addressed;ouldresultin incorrect
code. Someof thesecompleities arisebecausef the differ-
encein the semanticof the functionsandbehaiors. For ex-
ample,the semanticof function parameterss differentfrom
thesemantic®f ports. Whenfunctionparameterarereplaced
with ports, it is necessaryo maintainthe pass-by-alue and
pass-by-addresemanticsThisis ensuredy adheringo strict
recodingrules. For example,a function parameteipassedas
valuecanonly bereplacedwith anin portirrespectve of how
thevariableis accessewvithin thefunctionbody Functionpa-
rameterpassedsaddressanbereplacedvith ary of theports
asdeterminedyy CAT analysis.
Someof the complities arise becauseof the programming
style. Sinceexpressionsannotappearin the portmapof an
instancé, expressiondn function agumentssuchasw+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, whenthe return
value from the function is ignored or readimplicitly (line 3
Figure9(a)),anexplicit variable(retva) is createdo hold the
returnvalue andall the implicit readsof the returnvalue are
replacedwith the explicit readof this variableasshavn by the

SHaving anexpressiorin thethe portmapresultsin ambiguityregardingthe
locationof the expressiorevaluation.



1. int func(int, int, int);
2. [*Ya*]

3. if (func(w+x, y, 2))
4.{/*do*

5.}

1. behavior B_func (in int, in int, in int, out int);
2. [*Ya*]

3. int wx, retval;

4. B_func I_B_func (wx, y, z, retval); //Instance
5. *Ya*]

6. WX=W+X;

7. 1_B_func.main();

8. if (retval)

9.{/*do*

10.}

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

Fig. 9. Recodingcompleities

modi ed if structurein line-3. Whena variablein the local

scopeof thefunctionis migratednto aclass,t becomesstatic
variableandbecomeswailablein thelargerscopethusbecom-
ing availableto all the membersn the scope.Thetransforma-
tion hasto ensurerenamingof the variablein caseof name
clashes.

The other compleities due to use of arraysand pointersin

functioncallsarehandledasdescribedn SectionB.

V. RESTRICTIONS

Thoughthe transformationsre automaticand handlemost
of the practicalC codes,someprogrammingconstructscan-
not be handledby our transformations. Encapsulatingunc-
tions appliesonly to internal functions, as opposedto exter-
nal/library functions. If the pointeranalysisfails to determine
the tamget variable,or if the pointeris determinedo point to
more than one variable, then the transformationis not per
formed. Further encapsulatingtatementss dif cult in pres-
enceof conditionalgoto statementsvhich could transferthe
control o w into the statemenblock underconsideration.

V1. SOURCE RE-CODER

The structureof the SoC modeldependson the underlying
platform,applicationandalsothearchitectureahe designehas
conceptualizedlt is necessaryo give controlto the designer
sothatshe/hecancreatea modelthatis mostsuitableto their
needs.Further in mary C codesdesigners inputsarecritical
in resolvingmary staticallyunanalyzableodingscenariosn-
volving pointers,unstructureccontrol o w (goto statements),
recursve functions, and more. For example,in the contet
of introducingstructuralhierarctly, whenthereexists multiple
function calls to the function beingencapsulatedjesignelin-
putis neededo decidethe numberof instancego be created.
Meetingtheserequirementsecessitatea designefcontrolled
ernvironment, wherethe designemalkes the designdecisions
andthetediousrecodinghappenshroughautomation.

To aidthedesignein codingandre-codingwe haveintegrated
ourtransformationito asourcee-coder Thesourcae-coder
is a controlled,interactve approactto implementanalysisand
recodingtasks.In otherwords, it is anintelligentunion of ed-
itor, compiler andpowerful transformatiorandanalysistools.
There-codersupportse-modelingof SLDL modelsat all lev-

elsof abstractionlt consistf 5 maincomponents:

Textual editormaintainingtextual documenbbject
AbstractSyntaxTree (AST) of the designmodelto cap-
turethestructureof the program

Preprocessoand Parserto convert the documentobject
into AST

Transformatiorandanalysistool set
Codegeneratoto applychanges

When the transformationto createstructuralhierarcly is in-
voked, the functional hierarcly of the input programis rst
presentedo the designer The designerinvokesthe automatic
transformation®n selectedunctionsbasedon her/hisknowl-
edgeof the applicationwith a click of a button. The source
codetransformationsare performedand presentedo the de-
signerinstantlyin the editorwindow. AST is designedo cap-
turethecompletestructureof the programsothatthecodegen-
eratorcangeneratehe codein its nearoriginal form. Thede-
signercanalsomake changego the codeby typing andthese
changesareappliedto the AST on-the- y, keepingit updated
all thetime. Thisintelligentmix of applicationknowledgeand
the automatiorof the recodingmakesour transformationzery
effective. Using sourcerecodey tediousandtime-consuming
manualprogrammings replacecdby automaticprogramming.

VIl. EXPERIMENTS AND RESULTS

We appliedour sourcerecoderon differentreal-life embed-
ded C codesto createmodelswith structuralhierarcly. The
transformationwere implementedto createa well-structured
modelin SpecC[7] SLDL. First, we will demonstrat¢he use
of sourcerecoderonaMP3decodedesignexample. TheMP3
example had 30 functionsand spannedaround3000 lines of
code. Using the sourcerecoderd3 behaiors wereintroduced
to createthe structuredmodel. First the major functionswere
convertedinto behaiors, following which the C statementbe-
tweenthemwereencapsulatedNotethatnot all the functions
wereencapsulateihto behaiors assomeof thefunctionswere
too small andwere calledtoo often to be regardedas special
computatiorblocks. An examplecodestructureof partof the
codesggmentandthe correspondingstructuralhierarcly cre-
atedusingour sourcere-codelis shavn in Figure10.

The main advantageof creatingstructuralhierarcly andmak-
ing the model more analyzables to enableautomaticdesign
exploration. To conductautomatiadesignexploration,we used
the SCEtool-set[1]. The automaticre nementtool expects
a model with cleanstructuralhierarcly with all the compu-
tation blocks completelyencapsulated At every hierarchical
level, the tool expectsthe behaior to containeitheronly C

code(suchbehaiors known asleafbehaiors) or composeaf

behaior instances.Using one suchstructuredSoC model of

theMP3 decoderwe wereableto evaluateb differentHW/SW

architecturesisingthe SCEarchitecturee nementtool.

A. Productvity factor

Our sourcere-coderresultsin signi cant reductionin de-
signtime of the SoC model. To demonstratehis, we applied
thesourcerecoderndifferentindustrialstrengthdesignexam-
ples.Fourof theseexamplesarelistedin Tablel. Eachof these
examplesspannedew thousandines of code. The table pro-
videsthe numberof functionsin theinput C codeandnumber
of behaiorsthatwereintroducedo createwell-structuredsoC
model. The behaiors werecreatedoy encapsulatingunctions
andstatements.The functionsfor encapsulationvere chosen
basedon our knowledge of the application. Small functions
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TABLE |
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
Behaviors created 28 43 54 70
Re-codingime 30mins 35mins 40 mins 50mins
Manualtime 1.5week 3weeks 2 weeks 4 weeks
Productvity factor 120 205 120 192

which are called often, suchas getbits() were left as global
functions. Using the automatictransformationsn the source
recodey thesemodelswerecreatedn a matterof minutes. In

the past, thesetransformationavere conductedmanually on
eachof theseexamplesby different designers. This manual
recodingtook weeksof developmentime asshavn in Tablel.

Usingoursourcerecoderthewell-structuredsoCmodelswvere
createdin the order of minutesinsteadof weeks,resultingin

large productvity gains.

VIII. SUMMARY AND CONCLUSIONS

The lack of structuralhierarcly andthe presencef ambi-
guitiesmakesthe directadoptionof C codefor systemexplo-
ration andsynthesidif cult. The designexplorationandsys-
temsynthesigoolsrequiremodelswith cleanstructurahierar
chy, wherethe computationblocksareencapsulatedndhave
a staticallyanalyzablénterface. The quality of this input SoC
modeldirectly determineghe effectivenesof the systemde-
signtools. Creatingthis structuralhierarcty andpreparingthe
modelsfor systemsynthesisis a critical and extremely time
consumingaskwhenperformedmanually
In this paperwe proposedutomaticsourcetransformationso
createmodelswith structuralhierarcly from the C code. The
transformationaisethe existing partial structureavailable in
theform of functionalhierarcly to createébehaiors with static
interface. To control the structureof the modelbeing gener
ated, the transformationsare madeavailable to the designer
in the form of anintelligent editor  The designerselectvely
choosessigni cant functionsand statemenblocks to be en-
capsulate@ndinteractvely invokesthetransformatiorioolsto
realizethe codetransformation®n-the- y.

We shawved thatthe transformationsre effective on real-life

designexamples.The original codewith at structure which
madethe automaticarchitecturalexplorationtool ineffective,
wastransformednto a structurednodelwhich couldfacilitate
exploration of multiple HW/SW partitionings. This automa-
tion of tediousrecodingtasksanduseof designers knowledge
malkes our sourcerecodereffective on real-life examplesand
resultsin large productvity gains.
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