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Abstract—Systems-on-chip(SOC)designcallsfor the useof executable
systemdesign language(SLDL). SpecCis a C-basedSLDL designedto
embracethe IP-centric designmethodology. In this paper, we presenta
SpecC-language-basedapproachfor systemlevel simulation of SOC.Pros
and consof this approachis compared against the existing library-based
approaches.Furthermor e, we discussin detail the various designconsid-
erations for the SpecCsimulation API aswell asour referenceimplemen-
tation.

I . INTRODUCTION

In the last few years,it hasbeena routine for papersand
public speechesin VLSI-relatedconferencesto startwith the
prediction of systems-on-chipas the inevitable outcomeof
Moore’s law. Today, many semiconductorandtelecommuni-
cationvendorsarealreadydesigninganddelivering systems-
on-chipwith, however, painstakingefforts. Theseeffortstaken
area naturalresultof thenew challengesposedby system-on-
chipdesign.

Oneof thedesignchallengeis the lack of proventop-down
refining methodology, which brings the product conceptat
veryhighlevelall thewaydownto theregistertransferlevel,at
which currentEDA toolsarematureenoughto producefirst-
time-right silicon. Suchmethodologystartswith a specifica-
tion at the so-calledsystemlevel, and then makes judicious
designdecisionsin differentaspectsof thedesignspace.The
decisionsaremostlysystemarchitectureselection,aswell the
mappingfrom specificationto the architecture.Thesedesign
decisionsareeithertakenor discardedbasedon performance
evaluationof theintermediatedesigns.

Due to the pressureof time-to-market, it is not realistic
any moreto designsystem-on-chipcompletelyfrom scratch.
Hencethereuseof theso-calledintellectualproperty(IP) com-
ponents,becomesan absolutenecessary. The IP components
canbegeneralpurpose,for example,processorcores,proces-
sor peripherals,standardon chip bus interfaces,DSP cores,
on-chipmemories;or specialized,for example,Ethernetme-
dia accesscontrol block, viterbi decoderetc. The incorpo-
ration of the modelingandreuseof IP into the system-level
designmethodologyhencebecomesan attractive option. In
fact, an IP-centricdesignmethodology[1] hasrecentlybeen
proposed.In addition,a systemlevel designlanguage(SLDL)
calledSpecC[2] is proposedto facilitatethismethodology.

In this paper, we addressthe verificationchallengeat the
systemlevel by describingthe implementationof the SpecC
simulator. Theimportanceof verificationto theIP-centricde-

signmethodologyis three-fold:First, by efficient simulation,
it functionallyverifiesif thesystem-level designspecification
is exactly what the designerneedsin the first place. Second,
againby simulation,it functionallyverifiesif an intermediate
designis consistentwith thespecification.Third, by profiling
typicaldesignscenarios,it helpsto analyzethequalitymetrics
of an intermediatedesignsuchasspeedandpower. In short,
verificationservesasthe touchstoneof decisionpointsin the
refinementdecisiontree.

In the sequel,we first compareour approachof system-
level simulationwith otherotherproposalsin SectionII. We
thendiscussthe designof SpecCsimulationAPI (for Appli-
cationProgrammableInterface)in SectionIV andshow how
theSpecCprogramsarecompiledinto C++ codewith callsto
SpecCAPI in SectionV. Wethendescribein detailareference
designof theAPI in SectionVI. Theexperimentalresultsare
discussedin SectionVII.

I I . L IBRARY-BASED VS LANGUAGE-BASED

While thecurrentindustrystandardfor IP developmentand
deploymentis at the registertransferlevel (soft IPs) or phys-
ical level (hardIPs),many vendorsrealizethat theseabstrac-
tion levelsaretoo low for systemspecifiersandimplementors
to communicate.Thepredominantlanguagesusedby system
specifiersareC or its derivatives. This canbeexemplifiedby
thereferencedesignsof telecommunicationstandardsreleased
by theITU. While theEnglishspecificationof componentsand
systemshelpsto understandtheprinciples,in many casesthe
“C specification”is the bestreferencefor implementerswho
needto know every detail. For all practicalreasons,it is de-
sirableto useC/C++ to serve as the goldenmodel between
systemspecifiersandimplementors.

Unfortunately, while C canserveasa goodlanguagefor al-
gorithmic specification,it cannotbe readily usedfor model-
ing IPs at the registertransferlevel. To solve this problem,a
numberof efforts emerged,which happento follow a similar
technicalandbusinessstrategy. CynAppsrecentlyannounced
its Cynlib [3], a C++ classlibrary which providesfeaturesso
thatC++ canbeusedto modelhardware.TheOpenSystemC
Initiative,announceda similar library calledSystemC[4] [5].
Anothersimilar implementationwith arguablysuperiorsim-
ulation performanceis the OCAPI library [6] developedby
IMEC. If eitherproductbecomesa standard,theadopterscan
thenfreely exchangetheir IPsin C++—asimilar goalaccom-



plishedby VSIA for soft IPs except that now the IP models
canbesimulatedquicklyusinginexpensiveor evenfreeC/C++
compilers.

While these library-based approacheseffectively turn
C/C++ into a hardware descriptionlanguageand hencethe
specifiersandimplementorsnow seemto speakthesamelan-
guage, the semanticgaps remain: the mapping from sys-
temfunctionality in thespecification,which is oftencaptured
by variouscomputationalmodels,to the systemarchitecture,
which the implementorsaresupposedto explore, is not triv-
ial. Themappingfrom algorithmicrepresentationof IP com-
ponentsfrom providersto theRTL representationsof IP inte-
gratorsrelieson behavioral synthesistools which arenot yet
mature. It canbeenvisionedthatCynAppsandSystemCcan
be extendedto describesystemspecificationsmuchthe same
way asthePtolemyprojectbut thequestionis how easythese
specificationscanbeunderstoodby system-architectureexplo-
rationandbehavioral synthesistools,in contrastto humansor
simulationenginesonly.

The SpecC Technology Open Consortium (STOC) [7],
backedby Japan’stop-tierelectronicsandsemiconductorcom-
panies,wasfoundedin 1999to promotetheadoptionof SpecC
asthe specificationlanguagefor systemlevel design. While
motivatedby the samedesireto move from RTL to C/C++
for systemlevel design,SpecCtakesa differentapproachthan
the library-basedapproachestaken by Cynlib, SystemCand
OCAPI. The SpecClanguagewas developedby first identi-
fying the requirementsof SOCdesignandthencarefully de-
vising a setof constructswith well-definedsemantics.These
constructsareanextensionof theexisting ANSI-C language.
Whena SpecCspecificationis simulated,the extendedcon-
structsareexpandedinto a setof simulationAPI calls,which
are roughly equivalent to the API definedby SystemCand
Cynlib opensourcelibraries. The differencehereis that the
userinteractswith theconstructsandthe library is hidden.In
addition to the addedabstractionandexpressive power from
thespecifier’sside,theSpecCapproachalsohastheadvantage
that the synthesistools have a mucheasiertaskof analyzing
andunderstandingthespecificationthanthelibrary-basedap-
proach,whereit is hardto differentiatethecodeusedfor spec-
ification from thecodeusedfor simulation.

I I I . A SHORT SPECC TUTORIAL

Semantically, thefunctionalityof asystemis capturedasaa
hierarchicalnetwork of behaviors interconnectedby hierarchi-
cal channels.Syntactically, a SpecCprogramconsistsof a set
of behavior, channelandinterfacedeclarations.

A behavior is a classconsistingof a set of ports,a setof
componentinstantiations,a setof privatevariablesandfunc-
tions,anda public mainfunction. Throughits ports,a behav-
ior canbe connectedto otherbehaviors or channelsin order
to communicate.A behavior is calleda compositebehavior
if it containsinstantiationsof child behaviors. Otherwiseit is
calleda leaf behavior. Thefunctionalityof a behavior is spec-
ified by its functionsstartingwith themainfunction.

A channelis a classthat encapsulatescommunication. It
consistsof a set of variablesand functions,called methods,
which definea communicationprotocol. A channelcan be
hierarchical,for examplesubchannelscanbe usedto specify
lower level communication.An interfacerepresentsa flexible
link betweenbehaviors andchannels.It consistsof declara-
tions of communicationmethodswhich will be definedin a
channel.

For example,Figure1 shows a SpecCprogram.Theexam-
plesystemspeciesabehavior Bconsistingof two subbehaviors
b1 andb2 andcommunicatevia integerc1 andchannelc2 .
Notethatthepar statementspecifiesthatb1 andb2 execute
in parallel. Thereareotherstatementsin SpecCwhich define
differentrulesof composition.For example,the pipe state-
mentspecifiesthatthesubbehaviorsexecutein pipelinedfash-
ion. The try-trap-interrupt specifiesexceptionand
interrupthandling.Thefsm statementsspecifiesafinite-state-
machinelikebehavior. For adetailedtreatment,pleasereferto
thelanguagereferencemanualcontainedin [1].

c1

c2

b1 b2

B
p1 p2

p1 p2 p3

L R

p1 p2 p3

interface L { void write( int a ); };
interface R{ int read( void ); };

channel C implements L, R {
    int data; bool valid;

    void write( int x ) {
        data = x; valid = true;
        }
    int read( void ) {
        while( !valid ) waitfor( 10 );
        return data;
        }
    };

behavior B1( in int p1, L p2, in int p3 ) {
    void main( void ) { ....p2.write(p1); }
    };
behavior B2( out int p1, R p2, out int p3 ) {
    void main( void ) { .... p3 = p2.read(); }
    };
behavior B( in int p1, out int p2 ) {
    int c1; 
    C    c2;
    B1   b1( p1, c2, c1 );
    B2   b2( c1, c2, p2 );
    void main( void ) {
        par { b1.main(); b2.main(); }
        }
    };  

Fig. 1. SpecCexample.

IV. SPECC SIMULATION API

SpecCdefinesanapplication-programminginterface(API)
for simulation. The goalof thesimulationAPI is to separate
simulatorimplementationfrom compiler implementation.In
this way, C++ codeproducedby any SpecCcompilercanbe
linked with any SpecCAPI compliantsimulation library to
producean executable.In addition,a wrapperlibrary canbe
developedto wraparoundexisting simulationlibrary, suchas
SystemC,or Cynlib library, to make themwork with SpecC.

Thedesignof thesimulationAPI is a matterof dividing the
work of implementingSpecCsemanticsbetweenSpecCcom-
piler andSpecCsimulator.

On theoneextreme,onecanchooseto let theSpecCcom-
piler to generateall thelow level codeto implementtheSpecC



semantics,thuseffectively eliminatingtheneedfor thesimu-
lation library. Thisapproachnotonly leavesaheavy burdento
thecompilerimplementation,but alsomakesthesystemfairly
inflexible. For example,whenever a new algorithmis devel-
oped to improve simulationefficiency, one has to rewrite a
large chunkof the compilercode. Given the complexity in-
volved in the compilerdevelopment,this option is obviously
impractical.

On theotherextreme,onecanembedasmuchfunctionality
aspossiblein the simulationlibrary, thuseffectively leaving
the job of compiler simply translatingthe SpecCconstructs
into correspondingAPI calls. Note that dueto the limitation
on the expressive power of the hostlanguage(C++), it is not
alwayspossibleto find aconcisecorrespondentof SpecCcon-
struct. Note that the library-basedapproachesfacea similar
limitation,althoughtheproblemis alleviatedby leveragingthe
operatoroverloadingconstructof C++, to maketheuseof API
asintuitiveaspossible.

Ourcriteriononwhereto draw theline is to makethesimu-
lationAPI assimpleaspossible,while leaving thecompilerto
performthetrivial yet tediouswork of translation.

This decisionresultsin an API that is surprisinglysmall.
In fact, it consumesonly 6 namesin the C++ namespace,
aswell as10 functions. The namesarereserved for a setof
C++ classes.Note that the API doesnot prescribehow the
classesareimplemented,that is, it doesnot assumetheavail-
ability of any datamembersor memberfunctionsfor eachof
theclass,excepttheavailability of a constructorof predefined
form. In fact,thedefinitionof theseclassesis notneededuntil
the SpecCgeneratedC++ codeis to be compiledinto object
codeusinga hostcompiler, suchasgcc.

A. API Classes

Figure 2 lists the six C++ classesreserved by the API.
behavior is the superclassof all translatedSpecCbehav-
iors. channel is thesuperclassof all translatedSpecCchan-
nels.event correspondthetheSpecCeventdatatype. fork
is the classusedto capturethe information of a concurrent
behavior. The fork constructortakes a behavior object as
its argument. try block andexception block arethe
classesusedto captureinformationof exceptionandinterrupt
handling.Thetry block constructortakesabehavior object
asits argument.Theexception block constructortakesa
booleanflag indicatingwhetherit is anexceptionor interrupt,
a behavior object,anda list of eventsasits arguments.

class behavior;
class channel;
class event;
class fork;
class try_block;
class exception_block;

Fig. 2. API classes.

B. API Functions

Figure 3 lists the set of C++ functions defined in the
API. Functionsstart and end give the simulationlibrary
a chanceto initialize and finalize its private datastructures.
Functionabort is usedto abortthesimulationin caseof fail-
ure. Functionpar acceptsa list of fork objectsand will
executethe correspondingsubbehaviors in parallel. Func-
tion pipe acceptsa list of fork objectsand will execute
thecorrespondingsubbehaviorsin pipelinedfashion.Function
tryTrapInterrupt acceptsa try block objectaswell
as a list of exception block objectas its arguments. It
will executethebehavior capturedby the try block object,
while monitoringeventscapturedby theexception block
objects.If a relevanteventis notifiedduringtheexecution,the
correspondingexceptionhandlingbehavior or interrupt han-
dling behaviors will beexecuted.Functionwaitfor takesa
numberdelay asanargumentandwill suspendtheexecution
of thecalling behavior until delay time unitslater. Function
wait takesasetof eventsasarguments.It will suspendtheex-
ecutionof thecallingbehavior until any of theeventsarenoti-
fied. Functionsnotify andnotifyone takea list of events
astheir arguments.Whencalled,notify will awake all the
behaviors thatare“waiting” on thecorrespondingevents.On
the otherhand,notifyone will awake only oneof the be-
havior thatare“waiting” on thecorrespondingevents.

void start( void );
void end( void );
void abort( const char* formatString, ... );
void par( fork* first, ... );
void pipe( fork* first, ... );
void tryTrapInterrupt(

try_block *t, exception_block *f, ...
);

void waitfor( long long delay );
void wait( event* first, ... );
void notify( event *first, ... );
void notifyone( event *first, ... );

Fig. 3. API functions.

V. COMPILING SPECC FOR SIMULATION

SpecCcompilertranslatesaSpecCprograminto aC++pro-
gramwhichcontainstheuseof SpecCAPIs.

A. CompilingSpecCclasses

SpecCextendstheC languagewith a setof SpecCclasses,
namely, behaviors, channelsandinterfaces.TheSpecCcom-
piler translatesSpecCclassesinto correspondingC++ classes.
Thetranslatedbehavior inheritsfromclassbehavior andthe
translatedchannelinheritsfrom classchannel . The mem-



bersof the SpecCclassbecomesthe membersof C++ class
withoutmodification.

Theportsof SpecCclassesbecometheC++classdatamem-
bers. Furthermore,the typesof the ports areconvertedinto
correspondingreferencetypes.

Theconstructorof thetranslatedC++classeswill besynthe-
sizedso that it takesa list of argumentswith thesamesigna-
turesastheport list. Theconstructorwill automaticallymake
sureall thedatamembersinferredfrom theportsreferencethe
correspondingargumentsof theconstructor.

For example,in Figure6, behavior X hastwo portse1 and
e2 with typeevent . ThetranslatedC++ codemakese1 and
e2 asdatamemberswith typeevent& . Alsonotethecreation
of theconstructorX.

B. CompilingBasicDataTypes

SpecC extends C languagealso with a new data type
event . The API definesa C++ classevent , which corre-
sponddirectly the theSpecCdatatype. SpecCdirectly trans-
latesreferenceto datatypeevent into theC++ event type.

C. CompilingStatements

SpecCextendsC languagewith a set of new statements.
Somestatementsare translatedinto calls to the correspond-
ing API functions.For example,theSpecCwaitfor , wait ,
notify andnotifyone statementsaredirectly translated
into correspondingAPI calls.

Somestatementsaresynthesizedinto low level C++ code
without theuseof API calls.

Figure4 shows how a fsm statementis translatedinto low
level C++ code.Notethatvariable next state is first syn-
thesizedwith a synthesizedenumeratetype.A switch state-
mentis thensynthesizedto branchuponthe runtimevalueof
next state . Eachstatein the fsm correspondto a case

statement.The codefor executingthe stateis automatically
synthesized.Thestatetransitionsaresynthesizedinto assign-
mentsto next state .

Anotherexampleis theSpecCtiming statements,whichare
synthesizedinto low level C++codeusingareal-timeschedul-
ing algorithm.

MostothersinvolvebothcodesynthesisandAPI call.
Figure5 showshow a par statementis translatedinto C++

code.Notethatfor eachconcurrentbehavior, a fork objectis
automaticallysynthesizedandpassedasargumentto thepar
function.Sincethefork objectisalocalvariable,thecreation
and finalization of associateddatastructureis automatically
managedby theC++compilerusingtheconstructor/destructor
mechanism.Thepipe statementsarecompiledexactlyasthe
par statementsexceptthenameof theAPI call.

Figure6 showshow a try-trap-interrupt statement
is translatedinto C++ code. Note that a try block object
aswell as two exception block objectsaresynthesized
for themonitored,exceptionhandling,andinterrupthandling
behaviors respectively. Thesynthesizedobjectsarepassedas
argumentsto thetryTrapInterrupt API call.

behavior Main( void ) {
    State    S1;
    State    S2;

    void main( void ) {
        fsm {
            S1 : { if( c2 ) break; }
            S2 : { if( c1 ) goto S2; }
        }
    };

class Main : public behavior {
    State1 S1;
    State2 S2;
public:
    Main( void )  {}
    virtual ~Main( void ) {}
    void main( void ) {
        enum { _state_0, 
                     _state_S1,
                     _state_S2
            } _next_state = _state_S1;
        do switch( _next_state ) {
        case _state_S1 : 
            S1.main(); 
            if( c2 ) {
                _next_state = _state_0;
                break;
                }
        case _state_S2:
            S2.main();
            if( c1 ) {
                _next_state = _state_S2;
                break;
                }
        case _state_0 :
            _next_state = _state_0; break;
            } while( _next_state != _state_0 );
        }
    }; 

Fig. 4. Compilingfsm statement.

behavior Main( void ) {
    event    e1, e2;
    X           x( e1, e2 );
    Y           y( e1, e2 );
    Z           z( e1, e2 );

    int    main( void ) {
        par {
            x.main();
            y.main();
            z.main();
            }
        return 0;
        }
    }

class Main : public behavior {
    event&    e1;
    event&    e2;
    X              x, y, z;
public:
    Main( void )  : 
        x( e1, e2 ), 
        y( e1, e2 ), 
        z( e1, e2 ) {}
    virtual ~Main( void ) {}
    int main( void ) {
        fork    _tmp_x( &x ), 
                  _tmp_y( &y ),
                  _tmp_z( &z );
        par( &_tmp_x, &_tmp_y, 
                &_tmp_z, 0 
              );
        return 0;
        }
    } 

Fig. 5. Compilingpar statement.

VI. SIMULATION L IBRARY REFERENCE DESIGN

We have developeda referencedesign,calledSpecSim,for
the simulation library. A detaileduser’s and programmer’s
manualcanbefoundat [8]. As its namesuggests,thepurpose
of the referencedesignis to demonstratethe implementation
of theSpecCsystem.Performanceoptimization,on theother
hand,is secondary. Nevertheless,designdecisionsarecare-
fully madesothatthesimulatoris reasonablysimple,fastand
flexible enoughfor for futureimprovement.

To achieve the goal, we have divided the implementation
into severalabstractionlayers—- a strategy thathasbeensuc-
cessfullyappliedin many otherareasof computerscience,for
example,operatingsystemdesignandprotocoldesign.While
thethird layer, namelytheSpecCsimulationAPI asdescribed
in SectionIV, is realizedby a setof C++ classes,thefirst and
secondlayersareimplementedby asetof COM interfaces[9].

A. ThreadLayer

At thelowestlevel is thethreadlayer, implementedby three
COM interface: INative, IThread, IScheduler .
The purposeof this layer is to abstractaway the implemen-



behavior X( event e1, event e2 ) {
    B1    b1( e1, e2 );
    B2    b2();
    B3    b3();

    void main() {
        try { b1.main(); }
        trap( e2 ) { b2.main(); }
        interrupt( e1 ) { b3.main(); }
        }
    };

class X : public behavior {
    event&    e1;
    event&    e2;
    B1           b1;
    B2           b2;
    B3           b3;
public:
    X( event&e1, event& e2 )  :
        e1(e1), e2(e2) {} 
    virtual ~X( void ) {}
    void main( void ) {
        try_block    _tmp_b1( &b1 );
        exception_block _tmp_b2(
            true, &b2, &e2, 0 );
        exception_block _tmp_b3( 
            false, &b3, &e1, 0 );
        tryTrapInterrupt( 
            &_tmp_b1, &_tmp_b2, 
            &_tmp_b3, 0 
            );
        }
    }; 

Fig. 6. Compilingtry-trap-interrupt statement.

tation detail of different multi-threadingpackageswe might
use, for example, the POSIX pthread package[10], the
QuickThreadpackageimplementedby Universityof Washing-
ton [11]. While sharinga similar functionality, thesepackages
differ in both performanceand portability. Sincechoicesof
themulti-threadingpackageto useon differentplatformsmay
vary, it is bestthat we establishan multi-threadingAPI that
can wrap arounddifferentpackages.Furthermore,sincethe
functionality we needandonly needfrom the threadlayer is
a simpleabstractionof executioncontext aswell asthemech-
anismto performnon-preemptive context switch,we canuse
this API to maskaway the other functionalitiesthe package
may provide, or to createthe abstractionusingthe package’s
nativeprimitives.

B. DiscreteEventLayer

At thesecondlayeris thediscreteeventlayer, implemented
by the COM interfaceIDeEngine . This layer implements
thediscreteeventsemanticsof SpecCdefinedin [2].

At theheartof thediscreteeventlayer is a schedulerwhich
maintainsa priority queue,calledthe timing wheel. The tim-
ing wheel containsa set of timed Events sortedby their
time stamps. Each event containsa set of Threads and
Closures (atomicfunctions)suspendedfor executionfor a
delayequalto thetimestampof theevent.Theinterfacefunc-
tionssuchaswaitfor , wait , notify addsthreadsandclo-
suresto existing events,or newly generatedtimedevents,and
insertingtimedeventsto thetiming wheel.

Thescheduleris consultedwhenever thenative threadfinds
nothreadto execute(deadlocked),in whichcasethescheduler
will removetheeventwith thesmallesttimestamp,therebyad-
vancingthesimulationtime.Executionwill beresumedimme-
diatelyfor theClosures andtheThreads containedin the
removedevents,therebygeneratingmoreevents.Thisprocess
is repeateduntil thetiming wheelis emptyor thesimulationis
aborted.

C. API Layer

The third layer directly implementsthe SpecCsimulation
API.

This involvesthe implementationof the classesdefinedin
the API exceptclassevent , asit is alreadyimplementedin
thesecondlayer. Theimplementationof theseclassesinvolves
only trivial bookkeepingtaskssincetheir only function is to
recordtheinformationnecessaryfor theAPI functions.

Since the secondlayer provides the bulk of the simula-
tion semantics,the implementationof the API functionsare
not hardeitherandusuallyinvolvesonly threadmanagement.
For example,thepar functionbasicallysuspendsthecurrent
thread,calledtheparentthread,andresumethesetof threads,
calledthechild threads,whicharemaintainedby thefork ob-
jectsit receives.It thenresumestheparentthreadwhenall the
child threadsfinishexecution.Thepipe functionimplements
thesamefork-join behavior asthepar functionexceptit puts
alooparoundit. Furthermore,thepipelineflushingbehavior is
implemented.Similarly, the tryTrapInterrupt function
startsthehandlerthreadsandlet themwait on thecorrespond-
ing events.It thenstartsthemonitoredthread.Whenawaked,
thehandlerthreadeitherabortsthemonitoredthreadin caseof
exceptionhandling,or suspendthemonitoredthreadin caseof
interrupthandling. The functionswait andwaitfor dele-
gatetheir implementationto theschedulerdefinedin thesec-
ondlayer. Thefunctionsnotify andnotifyone moveall
or onethreadsin theeventsthatthey receiveasargumentsfrom
theSuspended list to theReady list. Thefunctionsstart
andend createanddestroy theDEScheduler object.

VI I . IMPLEMENTATION AND EXPERIMENTS

We have implementedthe the referencesimulationlibrary
asdescribedandmadean opensourcereleaseat [8]. It has
beenportedto most commonlyusedplatformssuchas Sun
SolarisandLinux x86basedondifferentthreadpackagessuch
aspthreadandquick thread.With theopensourcelicense,we
expectthis implementationcanbeevaluated,used,portedand
enhancedby thecommunityin anefficientway.

To testtherobustnessof theimplementation,wehavedevel-
opeda comprehensive setof testprogramsto exercisehope-
fully everycornerof theSpecCfunctionality. Furthermore,we
have developedandsimulateda numberof real-life applica-
tions,someof which arelisted in TableI. Thetypesof appli-
cationsrangefrom embeddedcontrollerto high performance
DSPs.Thecomplexitiesof theseapplications,asshown in the
secondcolumnof TableI, alsogive us a fair amountof con-
fidencein theexpressivepower aswell astheimplementation
robustnessof theSpecCsystem.

The total simulationtime of eachapplicationis not shown
sincemany of the them are reactive systems,which by def-
inition should interactwith its environmentin a continuous
fashion. However, many of the examplesareincludedin the
SpecCreleasefor thosewhoareinterestedin improving or re-
implementingthesimulationlibrary andwould like to bench-
markthesimulationperformance.



Application Complexity (#lines)
Traffic light controller 1485
Elevatorcontroller 2035
ForwardErrorControlCode 1227
FIFO 679
JPEG 1464
JBIG 3106
GSMvocoder 13000

TABLE I

SIMULATED SPECC SPECIFICATIONS.

VII I . CONCLUSION

The complexity involved in System-On-Chipdesigncalls
for the useof IPs and an IP-centricdesignmethodology. It
is critical for sucha methodologyto usea languageto help
the designspecificationanddesignexplorationof an endap-
plication. It has becominga consensusthat such language
should be C/C++ basedand the SpecClanguageis one of
the candidatesolution. Onecritical issuein the SLDL based
designenvironmentis theverificationmethodology. This pa-
perpresentstheimplementationof theSpecCsimulator, which
helpsboththedesignspecificationverificationanddesignim-
plementationverificationby fastsimulation.Our implementa-
tion strikesa balancebetweencompilercomplexity andsimu-
lator complexity, andis considerablysmallerthanalternative
solutions.Ourfuturework extendsto thefollowing directions:
First, porting of the simulationlibrary to more architectural
platformsandmoremulti-threadingpackagesneedto beper-
formed. Second,interfacingwith otheropen-sourceC-based
simulationlibraries,suchasSystemCandCynLib, shouldbe
performed. Third, simulationperformanceneedsto be per-
formedby theuseof moreefficientdatastructures.
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