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Abstract

MoreandmoretheSystemCdescriptionlanguageis usedto modelandsimulatenew hardwaredesigns.The
needof integratingnew designswith alreadyexistingmodulesmayleadto thegenerationof heterogeneous
models,specifications,basedbothon SystemCandon VHDL (or Verilog). In this scenariocosimulationis
necessaryto verify theheterogeneoussystemdescription.Thispaperpresentsa methodto removetheabove
heterogeneitybasedon automatictranslationof VHDL descriptionsinto SystemC.Of course, thepresented
approach is viable only if the automatictranslationrespectsthe original behaviour, specifiedin VHDL.
Thisway, theadoptionof a homogenoussystemmodelallowstheefficientexecutionof simulationssessions
aimingto assessthefeasibilityandconvenienceof reusingalreadyexistingmodules.

1 Introduction

Therapiddevelopmentof new andpowerful systemsonsiliconcanonly bebasedonthereuseof previously
designedmodulesbelongingto a proprietarylibrary or obtainedfrom third parties(IP-cores). In a core-
baseddesignframework, theconfigurationmanagementtaskabsorbsaconsiderablepartof theentiredesign
effort [1, 2]. Similarproblemshaveto besolvedat thismomentwhentheSystemC[3] descriptionlanguage
is beingaddedto anexistingdesignframework.
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Figure1: Designstrategiesto mix VHDL andSystemC.

The majority of projectsarenot completelynew, but they arebasedon predesignedcomponentsthat
areusuallyavailableadtheRT-level asVHDL (or Verilog) descriptions.Thepotentialintegrationof such
componentsmustbecarefully investigatedby extensively simulatingtheir interactionswith the restof the
design. Thesesimulationsessionscan usually give enoughinformation on the expectedbehaviors and
performance.In this context, thedesignercantacklea new projectby following two differentstrategiesas
describedin Figure1.



 Heterogeneous modeling.A VHDL componentselectedfrom thelibrary canbeintegratedwith the
SystemCdescriptionby using only a cosimulator[4, 5, 6]. In this case,cosimulationimplies an
interfacebetweentheevent-drivenVHDL simulationandthecycle-basedSystemCsimulation. Homogeneous modeling. In this casethe VHDL original descriptionsarefirst automaticallytrans-
latedinto SystemC.Theinvarianceof theoriginalbehavior canbeguaranteedwhenever event-driven
specificationscanbe describedin cycle-basedterms. This is possiblewhenall signalsareupdated
synchronouslywith oneor moreclock signals.In this context, thebehavior of asynchronoussignals
becomessynchronous.

This paperinvestigatesthe potentialitiesof the secondapproach.The manualremodelingof VHDL
componentsinto SystemCmodulesis not feasibledueto thelong time requiredto performthetranslation,
inherentlyproneto errors.So,thepaperpresentsa setof rulesaimingat automaticallytranslateVHDL de-
scriptionsinto SystemCmoduleswith equivalentbehavior undertheassumptionof cycle-basedsimulation.
This way it is possibleto obtainhomogeneousrepresentationsandperformefficient architecturalanalyses
andinvestigations.

While afirst setof rulesfor manualtranslationhavebeenreportedin [7], thispaperpresentsanautomatic
system(a translator)implementingthecompletetranslationfrom VHDL to SystemC.

This translationhasbeenimplementedon top of theSavantenvironment[8] asshown in Figure2. The
SystemCcodegeneratoris basedontheintermediateformatIIR thatis built from VHDL code.All identified
translationrules (Section2) have beenimplementedas C++ methodsmanipulatingthe IIR description.
Simulationmeasurements(Section3) show whichVHDL descriptionshavemoreadvantagesin theSystemC
conversionfrom thepointof view of simulationperformance.

C++ Class

class core {
........
........

}

SystemC Module

SC_MODULE(core){
     sc_in<...> ....
     sc_out<....> .....
     SC_CTOR(core){
      SC_THREAD(..)
}
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Figure2: Programarchitecturebasedon theSavantenvironment.

2 VHDL to SystemC Conversion

Translationrules for all the consideredVHDL constructshave beeninsertedin a databaseof rules and
implementedin thevhdl2sc tool. Only partialexamplesarereportedin the following for lack of space.
For instance,Table1 showstherule to translateafixed-dimensioninteger, considering:����������������� and���� "!$# �����&%'�(�)�+*-,/.1032 .

In order to respectthe semanticof the original VHDL descriptions,someof the translationrulesre-
quirea moredetailedtranslationprocessthana puresyntaxconversion.Figure3 presentssomeinteresting
featuresrelatedto the translationof VHDL models. The consideredmodeldescribesa synchronousse-
quentialmachine.Dueto thewait statementtheprocesshasbeentranslatedby vhdl2sc into aSystemC
SC THREAD. TheSystemCconstructwait until(), requiredto translatetheVHDL wait until, can
beinsertedonly in aSC CTHREAD. Thereforeweusethedo-while cycle to achieve thesamebehaviour.
The VHDL variableshave to be translatedin C++ staticvariablesin orderto preserve their valuefor the
next executionof theSystemCprocess.



Syntax
VHDL integer range inf to sup
SystemC sc uint 4 ���� "!$# sup % inf * 1.15

Example
VHDL variable x : integer range 0 to 15;
SystemC sc uint 4�675 x;

Table1: Translationof integerrange.

ENTITY mouse IS
PORT(clk,xc,xd,rst:IN BIT;

xp:OUT INTEGER );
END mouse;
ARCHITECTURE bhv OF mouse IS
SIGNAL pbs state,x:INTEGER;

BEGIN
pbs machine:PROCESS
VARIABLE pbs tok :INTEGER;
BEGIN
WAIT UNTIL clk’EVENT AND

clk=’1’;
pbs tok:=0;
IF (reset=’0’) THEN

...
END IF;
END PROCESS;

END bhv;

SC MODULE(mouse) 8
sc in 9 sc bit : clk,xc,xd,rst;
sc out 9 int : xp;
sc signal 9 int : pbs state,x;
void pbs machine();
SC CTOR(mouse) 8
SC THREAD(pbs machine);
sensitive 9;9 clk;<3<
;

void mouse::pbs machine() 8
static int pbs tok;
do 8 wait();

<
while(!(clk.event()&&clk.read()==1));
pbs tok=0;
if (reset==0) 8

...<3<
Figure3: Templateof asynchronoussequentialmachine.

Figure4 shows the translationof anarrayvariable. If thereis no matchbetweenVHDL andSystemC
datatype,thenthesyntaxcanbedifferent.

TheVHDL case statementcanbetranslatedinto theC++switch, but thebreak instructionhasto
beinsertedat theendof eachbranch.Theothers branchhasto bedeclaredastheC++default branch.

A ad-hocC++ functionhasto bedefinedto translateany not directly mappableVHDL arithmeticop-
erator, e.g.,VHDL mod operator. TherearesomeSystemCrestrictionsaboutvectorssc bv andsc lv,
for instance,no arithmeticoperatorsaredefinedfor them.This translationproblemcanbesolvedusingthe
appropriateSystemCintegerthroughcastoperator(asshown in Figure5) or supportvariables.

variable str : string(1 to 20);
variable bv : bit vector(1 to 8);

char str[20];
sc bv 9 8 : bv;

Figure4: Differentsyntaxfor arraytypedefinition.

VARIABLE xlv:STD LOGIC VECTOR(7 DOWNTO 0);
VARIABLE ylv:STD LOGIC VECTOR(7 DOWNTO 0);
VARIABLE zlv:STD LOGIC VECTOR(7 DOWNTO 0);
xlv:="11001100";
ylv:="11001100";
zlv:=xlv + ylv);

sc lv<8> xlv;
sc lv<8> ylv;
sc lv<8> zlv;
xlv="11001100";
ylv="11001100";
zlv=(sc int<8>)xlv + (sc int<8>)ylv;

Figure5: Useof castoperatorfor sc lv.

BothVHDL functionsandprocedureshaveto betranslatedinto C++methods.In thecaseof procedures,
methodparametershave to bepassedby referencein orderto modelside-effectsof VHDL proceduresinto



thecallingprocess/procedure.
A namespace hasto bedefinedto translateeachVHDL package.It caninclude:functions,procedures,

variablesandconstants.This approachallows the declarationof differentobjectswith the samenamein
separatednamespaces, thusbehaving asapackage.

Currently, thetranslatoris ableto convertto SystemCthemajorityof VHDL constructs:entityandarchi-
tecturedefinitions,signalandvariabledeclarations,arithmeticandlogic operators,assignments,functions
andprocedures,processes,control statements,typesandsubtypes,packages,event attribute,genericcon-
stants,... Thetranslationof theremainingVHDL constructs(resolvedtype,records,slicenames,generates,
configurationsandattributes)will beincludedinthenext versionof thetranslator.

3 Simulation Results

First of all, we comparedperformanceof the simulationapproachversusthe cosimulationstrategy. We
selectedan examplecomposedof a CPU core(describedin VHDL) andsurroundingblocks(designedin
SystemCandVHDL). Themanualtranslationof theCPUin SystemCis a too complex task,it requiresan
estimatedeffort of 30 hours,while its automatictranslationrequiresfew milliseconds.The cosimulation
of theheterogeneousmodelor thesimulationof theautomaticallytranslatedCPUdescriptionin SystemC
representviablesolutionsto produceasimulatablemodelof theentiresystem.

RealTime UserTime SystemTime

VHDL only 1.5 1.2 2.1
VHDL+SystemC 10.3 7.5 5.3

SystemConly 1.0 1.0 1.0

Table2: Simulationversuscosimulationnormalizedtimes.

VHDL simulationhasbeenperformedby using a very efficient commercialVHDL simulator. The
cosimulationapproachhasbeenimplementedby using a socket-basedinterfacebetweenthe executable
SystemCdescriptionandthe VHDL simulator. Simulationresultsarereportedin Table2 asnormalized
time with respectto thesimulationof a homogeneousSystemCdescriptionof theentiresystem.Thetimes
indicatedin Table2 have beenobtainedwith theUnix commandtime.

Simulationtime requiredby theSystemConly descriptionis sensiblylower (50%)thanVHDL simula-
tion. Thecosimulationtechniqueis themorecomplex taskandit is sensiblyslower thantheSystemC-based
simulation,sinceit requiresto interactan event-driven simulatorwith a cycle-basedone. In conclusion,
thehomogeneousSystemC-basedsimulationshowsbetterperformancewith respectto thecosimulationap-
proach,but alsowith respectto VHDL simulation. This last comparisonhasbeenfurther investigatedby
examiningdifferentsetsof VHDL constructs.

Thefirst analysisconcernsthepresenceof somefunctioncallsandparallelprocesses.Weselectedthree
single-processVHDL descriptions(ex1, ex2 andex3) with a high numberof functioncalls(respectively
97,623and1283).SystemCdescriptionshavebeenautomaticallygeneratedandsimulationtimeshavebeen
measuredfor bothVHDL andSystemCdescriptions.

ex1 ex2 ex3

VHDL 20% 57% 109%
SystemC 77% 177% 310%

Table3: Percentageof delayintroducedin thesimulationby thefunctioncalls.



ex1 ex2 ex3

SystemCvs. VHDL 29.0 12.0 4.0

Table4: RationbetweenSystemCandVHDL simulationtimeswith functioncalls.

Table 3 shows the delay introducedby the function calls in the simulationof VHDL and SystemC
descriptionsstimulatedwith 100,000input vectors.Resultsshow thatfunctioncallsoverheadin simulation
time is higherin SystemCthanin VHDL becauseof theminor complexity of SystemCprocessesregarding
to VHDL ones.However, Table4 showsthatthesimulationtimesof SystemCareclearlybetterthanVHDL
ones. Moreover, further experimentshave shown that whenthe numberof processesrises,the advantage
of SystemCover VHDL increasesaswell. Notethat,changingtheC++ compilationoptimizationsandthe
wayVHDL functionsaretranslatedin SystemC(e.g.,staticfunctions,in-classmethodsandinline methods)
impactsonSystemCsimulationefficiency up to 44%.

# Components 100 500 1000 5000 10000

VHDL 10.0 4.5 2.8 2.5 2.1
SystemC 1.0 1.0 1.0 1.0 1.0

Table5: VHDL andSystemCsimulationnormalizedtimeswith respectto componentsinstantiation.

Thelastsetof experimentsmeasurestheimpactof componentsinstantiationin SystemCandVHDL. A
structuralVHDL descriptionwith a parametricnumberof componentshasbeenselectedandtranslatedin
SystemC.Simulationresultsareshown in Table5. It is evidentthat,thehigheris thenumberof components,
theloweris theadvantageof SystemCoverVHDL. Moreoverthisobservationcanbemotivatedby theminor
complexity of SystemCprocessesregardingto VHDL ones.

In conclusion,theautomatictranslationof VHDL codeinto SystemCallowsto simulateahomogeneous
SystemCmodelof anentiresystemeven if someVHDL modulesarereusedin thedesign.SystemCsim-
ulationoutperformscosimulationandit is alsomoreefficient thanVHDL simulationparticularlywhenthe
numberof componentinstantiationsandfunctioncallsis limited.
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