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

|. INTRODUCTION

In the last few years,it hasbeena routine for papersand
public speeche# VLSI-relatedconferenceso startwith the
prediction of systems-on-chigs the inevitable outcomeof
Moore’s law. Today mary semiconductoandtelecommuni-
cationvendorsare alreadydesigningand delivering systems-
on-chipwith, however, painstakingefforts. Theseeffortstaken
areanaturalresultof the new challengeposedby system-on-
chipdesign.

Oneof thedesignchallenges thelack of proventop-davn
refining methodology which brings the product conceptat
veryhighlevel all thewaydown to theregistertransfelevel, at
which currentEDA tools are matureenoughto producefirst-
time-right silicon. Suchmethodologystartswith a specifica-
tion at the so-calledsystemlevel, and then makes judicious
designdecisionsn differentaspectof the designspace.The
decisionsaremostly systemarchitectureselectionaswell the
mappingfrom specificatiornto the architecture. Thesedesign
decisionsare eithertaken or discardedasedon performance
evaluationof theintermediatedesigns.

Due to the pressureof time-to-marlet, it is not realistic
ary moreto designsystem-on-chigcompletelyfrom scratch.
Hencethereuseof theso-calledntellectualproperty(IP) com-
ponentsbecomesan absolutenecessaryThe IP components
canbe generapurposefor example,processocores,proces-
sor peripherals,standardon chip bus interfaces,DSP cores,
on-chipmemories;or specializedfor example,Ethernetme-
dia accesscontrol block, viterbi decoderetc. The incorpo-
ration of the modelingand reuseof IP into the system-leel
designmethodologyhencebecomesan attractve option. In
fact, an IP-centricdesignmethodology{1] hasrecentlybeen
proposedln addition,a systemevel designlanguaggSLDL)
calledSpec2] is proposedo facilitatethis methodology

In this paper we addresshe verification challengeat the
systemlevel by describingthe implementationof the SpecC
simulator Theimportanceof verificationto the IP-centricde-

DanielD. Gajski

InformatinandComputerScience
Universityof California,Irvine
Irving, CA 92697-3425
Tel: 949-824-4155
Fax: 949-824-4155
e-mailgajski@ics.uci.edu

sign methodologyis three-fold: First, by efficient simulation,
it functionally verifiesif the system-lgel designspecification
is exactly what the designemeedsn thefirst place. Second,
againby simulation,it functionally verifiesif anintermediate
designis consistentvith the specification.Third, by profiling

typical designscenariosit helpsto analyzethe quality metrics
of anintermediatedesignsuchasspeedand power. In short,

verificationsenesasthe touchstoneof decisionpointsin the

refinementdecisiontree.

In the sequel,we first compareour approachof system-
level simulationwith otherotherproposaldn Sectionll. We
thendiscussthe designof SpecCsimulationAPI (for Appli-
cation Programmablénterface)in SectionlV andshov how
the SpecCprogramsarecompiledinto C++ codewith callsto
SpecCAPI in SectionV. Wethendescriben detailareference
designof the API in SectionVI. The experimentakesultsare
discussedh SectionVII.

Il. LIBRARY-BASED VS LANGUAGE-BASED

While the currentindustrystandardor IP developmentand
deploymentis at the registertransferlevel (soft IPs) or phys-
ical level (hardIPs), mary vendorsrealizethat theseabstrac-
tion levelsaretoo low for systemspecifiersandimplementors
to communicate.The predominantanguagesisedby system
specifiersare C or its derivatives. This canbe exemplifiedby
thereferencalesignof telecommunicatiostandardseleased
by thelTU. While theEnglishspecificatiorof componentand
systemshelpsto understandhe principles,in mary caseshe
“C specification”is the bestreferenceor implementersvho
needto know every detail. For all practicalreasonsit is de-
sirableto use C/C++to sene asthe goldenmodel between
systemspecifiersandimplementors.

Unfortunatelywhile C cansene asa goodlanguagdor al-
gorithmic specification it cannotbe readily usedfor model-
ing IPs at theregistertransferlevel. To solve this problem,a
numberof efforts emeged,which happento follow a similar
technicalandbusinesstratgy. CynAppsrecentlyannounced
its Cynlib [3], a C++ classlibrary which providesfeaturesso
that C++ canbe usedto modelhardware. The OpenSystemC
Initiative, announced similar library calledSystemd4] [5].
Another similar implementationwith arguably superiorsim-
ulation performancds the OCAPI library [6] developedby
IMEC. If eitherproductbecomes standardthe adoptersan
thenfreely exchangetheir IPsin C++—asimilar goalaccom-



plishedby VSIA for soft IPs exceptthat now the IP models
canbesimulatedquickly usinginexpensveor evenfree C/C++
compilers.

While these library-based approacheseffectively turn
C/C++ into a hardware descriptionlanguageand hencethe
specifiersandimplementorsiow seemto speakthe samelan-
guage, the semanticgapsremain: the mapping from sys-
temfunctionalityin the specificationwhich is often captured
by variouscomputationamodels,to the systemarchitecture,
which the implementorsare supposedo explore, is not triv-
ial. Themappingfrom algorithmicrepresentationf IP com-
ponentsrom providersto the RTL representationsf IP inte-
gratorsrelieson behaioral synthesigools which are not yet
mature. It canbe ervisionedthat CynAppsand SystemCcan
be extendedto describesystemspecificationsnuchthe same
way asthe Ptolemyprojectbut the questionis how easythese
specificationganbeunderstoodby system-architecturexplo-
rationandbehaioral synthesidools,in contrasto humansor
simulationenginesonly.

The SpecC Technology Open Consortium (STOC) [7],
bacledby Japarstop-tierelectronicandsemiconductocom-
panieswasfoundedn 1999to promotetheadoptionof SpecC
asthe specificationlanguagefor systemlevel design. While
motivated by the samedesireto move from RTL to C/C++
for systemlevel design,SpecCtakesa differentapproactthan
the library-basedapproachesaken by Cynlib, SystemCand
OCAPI. The SpecClanguagewas developedby first identi-
fying the requirementsf SOCdesignandthencarefully de-
vising a setof constructswith well-definedsemantics.These
constructsare an extensionof the existing ANSI-C language.
When a SpecCspecificationis simulated,the extendedcon-
structsareexpandednto a setof simulationAPI calls, which
are roughly equivalentto the API definedby SystemCand
Cynlib opensourcelibraries. The differencehereis that the
userinteractswith the constructsandthe library is hidden.In
additionto the addedabstractiorand expressie power from
thespecifiers side,the SpecCapproactalsohastheadwantage
that the synthesigools have a much easiertask of analyzing
andunderstandinghe specificatiorthanthelibrary-basedap-
proachwhereit is hardto differentiatethe codeusedfor spec-
ification from the codeusedfor simulation.

I1l. A SHORT SPECC TUTORIAL

Semanticallythefunctionalityof a systemis capturecasaa
hierarchicahetwork of behaiorsinterconnectetby hierarchi-
cal channels Syntactically a SpecCprogramconsistsof a set
of behavior, channelndinterfacedeclarations.

A behaior is a classconsistingof a setof ports, a setof
componeninstantiationsa setof private variablesand func-
tions,anda public mainfunction. Throughits ports,a beha-
ior canbe connectedo otherbehaiors or channelsn order
to communicate.A behaior is called a compositebehaior
if it containsinstantiationsof child behaiors. Otherwiseit is
calledaleafbehaior. Thefunctionality of a behaior is spec-
ified by its functionsstartingwith the mainfunction.

A channelis a classthat encapsulatesommunication. It
consistsof a setof variablesand functions, called methods,
which definea communicationprotocol. A channelcanbe
hierarchical for examplesubchannelsanbe usedto specify
lower level communication An interfacerepresents: flexible
link betweenbehaiors and channels.It consistsof declara-
tions of communicationrmethodswhich will be definedin a
channel.

For example,Figure1 shavs a SpecCprogram.The exam-
ple systenspeciesabehaior B consistingof two subbehwiors
bl andb2 andcommunicatevia integercl andchannelc2.
Notethatthe par statemenspecifieghatbl andb2 execute
in parallel. Thereareotherstatementin SpecCwhich define
differentrulesof composition.For example,the pipe state-
mentspecifieghatthe subbehgiors executein pipelinedfash-
ion. The try-trap-interrupt specifiesexceptionand
interrupthandling. Thefsm statementspecifiesafinite-state-
machindik e behaior. For adetailedireatmentpleaseeferto
thelanguageeferencananualcontainedn [1].

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

behavior B1(inint p1, L p2, inint p3) {
void main( void ) { ....p2.write(p1); }

behavior B2( outint p1, R p2, outint p3) {
void main( void ) { .... p3 = p2.read(); }

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

behavior B(in int p1, out int p2) {

intcl;

C c2;

B1 bi(pl,c2,cl);

B2 b2(cl,c2, p2),

void main( void ) {
par { bl.main(); b2.main(); }
}

h

void write( int x ) {
data = x; valid = true;

int read( void
while( !valid ) waitfor( 10 );
return data;

Fig. 1. SpecCexample.

IV. SPECC SIMULATION API

SpecCdefinesan application-programminmterface(API)
for simulation. The goal of the simulationAPI is to separate
simulatorimplementatiorfrom compilerimplementation.in
this way, C++ codeproducedby ary SpecCcompilercanbe
linked with any SpecCAPI compliantsimulationlibrary to
producean executable.In addition,a wrapperlibrary canbe
developedto wrap aroundexisting simulationlibrary, suchas
SystemCopr Cynlib library, to make themwork with SpecC.

Thedesignof the simulationAPI is a matterof dividing the
work of implementingSpecCsemantichetweerSpecCcom-
piler andSpecCsimulator

On the oneextreme,onecanchooseo let the SpecCcom-
piler to generateall thelow level codeto implementhe SpecC



semanticsthuseffectively eliminatingthe needfor the simu-
lation library. Thisapproachmotonly leavesa heary burdento
the compilerimplementationbut alsomakesthe systenfairly
inflexible. For example,whenever a new algorithmis devel-
opedto improve simulation efficiengy, one hasto rewrite a
large chunk of the compilercode. Given the compleity in-
volvedin the compilerdevelopment this optionis obviously
impractical.

Ontheotherextreme,onecanembedasmuchfunctionality
aspossiblein the simulationlibrary, thus effectively leaving
the job of compiler simply translatingthe SpecCconstructs
into correspondingAPI calls. Note thatdueto the limitation
on the expressve power of the hostlanguaggC++), it is not
alwayspossibleto find a concisecorresponderaf SpecCcon-
struct. Note that the library-basedapproachesacea similar
limitation, althoughtheproblemis alleviatedby leveragingthe
operatomverloadingconstrucof C++,to make the useof API
asintuitive aspossible.

Our criteriononwhereto draw theline is to make the simu-
lation API assimpleaspossiblewhile leaving the compilerto
performthetrivial yettediouswork of translation.

This decisionresultsin an API thatis surprisinglysmall.
In fact, it consumesonly 6 namesin the C++ namespace,
aswell as 10 functions. The namesareresened for a setof
C++ classes. Note that the AP doesnot prescribehow the
classeareimplementedthatis, it doesnot assumehe avail-
ability of any datamembersor memberfunctionsfor eachof
the class,exceptthe availability of a constructorof predefined
form. In fact,the definitionof theseclassess not neededintil
the SpecCgeneratedC++ codeis to be compiledinto object
codeusingahostcompiler suchasgcc.

A. API Classes

Figure 2 lists the six C++ classesresered by the API.
behavior is the superclassof all translatedSpecCbeha-
iors. channel isthesuperclassof all translatedspecCchan-
nels.event correspondhethe SpecCeventdatatype.fork
is the classusedto capturethe information of a concurrent
behaior. Thefork constructortakes a behaior objectas
its agument.try _block andexception _block arethe
classesusedto captureinformationof exceptionandinterrupt
handling.Thetry _block constructotakesabehaior object
asits agument.Theexception _block constructotakesa
booleanflag indicatingwhetherit is anexceptionor interrupt,
abehaior object,andalist 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 definedin the
API. Functionsstart andend give the simulationlibrary
a chanceto initialize and finalize its private datastructures.
Functionabort is usedto abortthe simulationin caseof fail-
ure. Functionpar acceptsa list of fork objectsand will
executethe correspondingsubbehwgiors in parallel. Func-
tion pipe acceptsa list of fork objectsand will execute
thecorrespondingubbehsdiorsin pipelinedfashion.Function
tryTrapinterrupt acceptaatry _block objectaswell
asa list of exception _block objectasits aguments. It
will executethebehaior capturedby thetry _block object,
while monitoringeventscapturedy theexception _block
objects.If arelevanteventis notifiedduringthe execution the
correspondingexceptionhandlingbehaior or interrupt han-
dling behaiors will be executed.Functionwaitfor  takesa
numberdelay asanargumentandwill suspendheexecution
of the calling behaior until delay time unitslater Function
wait takesasetof eventsasargumentslt will suspendheex-
ecutionof the calling behaior until ary of the eventsarenoti-
fied. Functionsotify  andnotifyone  takealist of events
astheiraguments.Whencalled,notify ~ will awake all the
behaiors thatare“waiting” on the correspondingvents. On
the otherhand, notifyone  will awake only one of the be-
havior thatare“waiting” onthe correspondingvents.

void start( void );
void end( void );
void abort( const char* formatString, e )
void par( fork* first, N
void pipe( fork* first, B
void tryTraplinterrupt(
try_block *t, exception_block *f,
)i
void  waitfor( long long delay );
void wait( event* first, N
void  notify( event *first, I
void notifyone( event *first, R

Fig. 3. API functions.

V. COMPILING SPECC FOR SIMULATION

SpecCcompilertranslates SpecCprograminto a C++ pro-
gramwhich containghe useof SpecCAPIs.

A. Compiling SpecCclasses

SpecCextendsthe C languagewith a setof SpecCclasses,
namely behaiors, channelsaandinterfaces. The SpecCcom-
piler translatesSpecCclassesnto correspondingC++ classes.
Thetranslatedehaior inheritsfrom classbehavior andthe
translatedchannelinheritsfrom classchannel . The mem-



bersof the SpecCclasshecomeghe membersof C++ class
without modification.

Theportsof SpecCclassebecomahe C++ classdatamem-
bers. Furthermorethe typesof the ports are corvertedinto
correspondingeferenceypes.

Theconstructoof thetranslatedC++classesvill besynthe-
sizedsothatit takesa list of algumentswith the samesigna-
turesasthe portlist. The constructomwill automaticallymake
sureall thedatamembersnferredfrom the portsreferencehe
correspondingrgumentsof the constructor

For example,in Figure6, behaior X hastwo portsel and
e2 with typeevent . ThetranslatedC++codemalesel and
e2 asdatamembersvith typeevent& . Also notethecreation
of the constructoiX.

B. CompilingBasicDataTypes

SpecC extends C languagealso with a newv data type
event . The API definesa C++ classevent , which corre-
sponddirectly the the SpecCdatatype. SpecCdirectly trans-
latesreferenceo datatypeevent intotheC++event type.

C. Compiling Statements

SpecCextendsC languagewith a setof new statements.
Somestatementsare translatedinto calls to the correspond-
ing API functions.For example the SpecCQwaitfor , wait
notify andnotifyone  statementsredirectly translated
into correspondin@\PI calls.

Somestatementare synthesizednto low level C++ code
withouttheuseof API calls.

Figure4 shavs how afsm statements translatednto low
level C++ code.Notethatvariable_next _state isfirstsyn-
thesizedwvith a synthesize@&numeratdype. A switch state-
mentis thensynthesizedo branchuponthe runtimevalue of
_next _state . Eachstatein thefsm correspondo a case
statement.The codefor executingthe stateis automatically
synthesizedThe statetransitionsare synthesizednto assign-
mentsto _next _state

Anotherexampleis the SpecCtiming statementsyhich are
synthesizedhto low level C++ codeusingareal-timeschedul-
ing algorithm.

Most othersinvolve bothcodesynthesisandAPI call.

Figure5 shavshow apar statemenis translatednto C++
code.Notethatfor eachconcurrenbehaior, afork objectis
automaticallysynthesize@ndpassedisargumentto the par
function. Sincethefork objectis alocalvariable thecreation
and finalization of associatedlatastructureis automatically
managedby the C++compilerusingtheconstructor/destructor
mechanismThepipe statementarecompiledexactly asthe
par statementgxceptthenameof the API call.

Figure6 shavs how atry-trap-interrupt statement
is translatednto C++ code. Notethatatry _block object
aswell astwo exception _block objectsare synthesized
for the monitored,exceptionhandling,andinterrupthandling
behaiors respectiely. The synthesizeabjectsare passedis
argumentdo thetryTrapinterrupt API call.

class Main : public behavior {
Statel S1;
State2 S2;
ublic:
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;

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

void main( void ) {
fsm

S1:{if( c2) break;}
S2:{if( cl)goto S2;} }
i } case _state_S2:
k S2main();
if(cl){
_next_state = _state_S2;
break;

case _state_O:
_next_state = _state_0; break;
} while( _next_state = _state_0)

%

Fig. 4. Compilingfsm statement.

class Main : public behavior {

event& el;
behavior Main( void ) { ;a(vent& ex2'y z;
event el,e2; public: o
X x(el,e2); Main( void ) :
Y y(el, e2), x(el, e2),
z z(el,e2); y(el,e2),

z(el,e2){}
virtual ~Main( void ) {}

int  main( void ) {
ar int main( void ) {

x.main(); fork _tmp_x( &x),
y.main(); _tmp_y( &y ),
z.main(); _tmp_z(&z);
return 0; part iﬁtlﬁ%); %Jmpjv
} return 0;

}
}

Fig.5. Compilingpar statement.

V1. SIMULATION LIBRARY REFERENCE DESIGN

We have developeda referencedesign,called SpecSimfor
the simulationlibrary. A detailedusers and programmess
manualcanbefoundat[8]. As its namesuggeststhe purpose
of the referencedesignis to demonstratehe implementation
of the SpecCsystem.Performanceptimization,on the other
hand,is secondary Neverthelessdesigndecisionsare care-
fully madesothatthe simulatoris reasonablsimple,fastand
flexible enoughfor for futureimprovement.

To achieve the goal, we have divided the implementation
into severalabstractiodayers—- a stratgy thathasbeensuc-
cessfullyappliedin mary otherareasof computersciencefor
example,operatingsystemdesignandprotocoldesign.While
thethird layer, namelythe SpecCsimulationAPI asdescribed
in SectionlV, is realizedby a setof C++ classesthefirst and
secondayersareimplementedy a setof COM interfaceq9].

A. ThreadlLayer

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



class X : public behavior {

event& el;
event& e2;
B1 b1,
B2 b2;
behavior X( event el, event €2 ) { puEIi3C' b3;
E% B%E)?l’ e2); X( event&el, event& e2) :
B3 b3(); el(el), e2(e2) {}
' virtual ~X( void ) {}
i i void main( void ) {
VOIt(rjyr?Etl)I?.(r)n{ain();} @ try_block b_ltmlg_bl( &83 )
trap( €2 ) { b2.main(); } exgﬁjpetl?b_z ?&ce Z_Bm)p_ (

interrupt( el ) { b3.main(); } exception_block _tmp_b3(
¥ } false, &b3, &eT, 0);
! tryTrapinterrupt(
& tmp_bl, & tmp_b2,
& tmp_b3, 0
);

}
h

Fig. 6. Compilingtry-trap-interrupt statement.

tation detail of different multi-threadingpackagesve might
use, for example, the POSIX pthread package[10], the
QuickThreadackagemplementedy Universityof Washing-
ton[11]. While sharinga similar functionality, thesepackages
differ in both performanceand portability. Since choicesof
the multi-threadingpackageo useon differentplatformsmay
vary, it is bestthat we establishan multi-threadingAPI that
canwrap arounddifferent packages.Furthermore sincethe
functionality we needand only needfrom the threadlayer is
asimpleabstractiorof executioncontect aswell asthe mech-
anismto performnon-preemptie context switch, we canuse
this APl to maskaway the otherfunctionalitiesthe package
may provide, or to createthe abstractiorusingthe packages
native primitives.

B. DiscreteEventLayer

At thesecondayeris the discretesventlayer, implemented
by the COM interfacelDeEngine . This layerimplements
thediscreteeventsemantic®f SpecCdefinedin [2].

At the heartof the discreteeventlayeris a schedulewhich
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)suspendedor executionfor a
delayequalto thetime stampof the event. Theinterfacefunc-
tionssuchaswaitfor ,wait ,notify addsthreadsandclo-
suresto existing events,or newly generatedimed events,and
insertingtimedeventsto thetiming wheel.

Thescheduleis consultedvheneerthe native threadfinds
nothreadto execute(deadlocled),in which casethe scheduler
will removetheeventwith thesmallestime stamptherebyad-
vancingthesimulationtime. Executionwill beresumedmme-
diatelyfor theClosures andtheThreads containedn the
removedevents therebygeneratingnoreevents. This process
is repeatedintil thetiming wheelis emptyor the simulationis
aborted.

C.API Layer

The third layer directly implementsthe SpecCsimulation
API.

This involvesthe implementatiorof the classeglefinedin
the API exceptclassevent , asit is alreadyimplementedn
thesecondayer Theimplementatiorof theseclassesnvolves
only trivial bookkeepingtaskssincetheir only functionis to
recordtheinformationnecessarjor the API functions.

Since the secondlayer provides the bulk of the simula-
tion semanticsthe implementationof the API functionsare
not hardeitherandusuallyinvolvesonly threadmanagement.
For example,thepar functionbasicallysuspendshe current
thread,calledthe parentthread andresumehe setof threads,
calledthechild threadswhicharemaintainedy thefork ob-
jectsit receves.It thenresumeshe parentthreadwhenall the
child threaddinishexecution.Thepipe functionimplements
thesamefork-join behaior asthepar functionexceptit puts
alooparoundt. Furthermorethepipelineflushingbehaior is
implemented.Similarly, the tryTrapinterrupt function
startsthe handlerthreadsandlet themwait on the correspond-
ing events. It thenstartsthe monitoredthread. Whenawaked,
thehandlerthreadeitherabortsthe monitoredthreadin caseof
exceptionhandling,or suspendhemonitoredthreadin caseof
interrupthandling. The functionswait andwaitfor  dele-
gatetheirimplementatiorto the scheduledefinedin the sec-
ondlayer Thefunctionsnotify = andnotifyone  moveall
oronethreadsn theeventsthatthey receve asargumentsgrom
theSuspended list to theReady list. Thefunctionsstart
andend createanddestrg the DEScheduler object.

VII. IMPLEMENTATION AND EXPERIMENTS

We have implementedhe the referencesimulationlibrary
asdescribedand madean opensourcereleaseat [8]. It has
beenportedto most commonlyusedplatformssuchas Sun
SolarisandLinux x86 basedn differentthreadpackagesuch
aspthreadandquick thread.With the opensourcdicense we
expectthisimplementatiorcanbe evaluated used portedand
enhancedby the communityin anefficientway.

Totesttherobustnes®f theimplementationwe have devel-
opeda comprehensie setof testprogramsto exercisehope-
fully every cornerof the SpecCfunctionality Furthermorewe
have developedand simulateda numberof real-life applica-
tions, someof which arelistedin Tablel. Thetypesof appli-
cationsrangefrom embeddedontrollerto high performance
DSPs.Thecompleities of theseapplicationsasshown in the
secondcolumnof Tablel, alsogive us a fair amountof con-
fidencein the expressie power aswell asthe implementation
robustnes®f the SpecCsystem.

The total simulationtime of eachapplicationis not shavn
sincemary of the them are reactve systemswhich by def-
inition shouldinteractwith its ervironmentin a continuous
fashion. However, mary of the examplesareincludedin the
SpecCreleasdor thosewho areinterestedn improving or re-
implementingthe simulationlibrary andwould like to bench-
markthe simulationperformance.



Application Compleity (#lines)
Traffic light controller 1485
Elevatorcontroller 2035
Forward Error ControlCode 1227

FIFO 679

JPEG 1464

JBIG 3106

GSM vocoder 13000

TABLE |

SIMULATED SPECC SPECIFICATIONS.

VIIl. CONCLUSION

The compleity involved in System-On-Chipdesigncalls
for the useof IPs and an IP-centricdesignmethodology It
is critical for sucha methodologyto usea languageto help
the designspecificationand designexplorationof anendap-
plication. It hasbecominga consensushat suchlanguage
should be C/C++ basedand the SpecClanguageis one of
the candidatesolution. Onecritical issuein the SLDL based
designervironmentis the verificationmethodology This pa-
perpresentsheimplementatiorof the SpecCsimulator which
helpsboththe designspecificationverificationanddesignim-
plementatiorverificationby fastsimulation.Ourimplementa-
tion strikesa balancebetweerncompilercompleity andsimu-
lator complexity, andis considerablysmallerthanalternatve
solutions.Ourfuturework extendsto thefollowing directions:
First, porting of the simulationlibrary to more architectural
platformsand more multi-threadingpackageseedto be per
formed. Second,nterfacingwith other open-source&-based
simulationlibraries,suchas SystemCand CynLib, shouldbe
performed. Third, simulation performanceneedsto be per
formedby the useof moreefficientdatastructures.
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