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ABSTRACT
SystemCis a C++ basedmodelingplatformsupportingdesignab-
stractionsat the register-transfer, behavioral, and systemlevels.
Consistingof aclasslibraryandasimulationkernel,thelanguageis
anattemptat standardizationof a C/C++designmethodology, and
is supportedby theOpenSystemCInitiative (OSCI),a consortium
of awiderangeof systemhouses,semiconductorcompanies,Intel-
lectualproperty(IP) providers,embeddedsoftwaredevelopers,and
designautomationtool vendors. The advantagesof SystemCin-
cludetheestablishmentof a commondesignenvironmentconsist-
ing of C++ libraries,modelsandtools, therebysettingup a foun-
dationfor hardware-softwareco-design;theability to exchangeIP
easilyandefficiently; andthe ability to reusetestbenchesacross
different levels of modelingabstraction.We outline the features
of SystemCthatmake it an attractive languagefor designspecifi-
cation,verification,andsynthesisat differentlevelsof abstraction,
with particularemphasison thenew featuresincludedin SystemC
2.0thatsupportsystem-level design.
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1. INTRODUCTION
The level of abstractionat which hardware is designedhasin-

creasedsignificantly with the widespreadadoptionof Hardware
DescriptionLanguages(HDLs) asthespecificationformat,or the
designentrypoint, which hasled to anenormousincreasein pro-
ductivity over the earlierschematicentrybaseddesignmethodol-
ogy. The leapin productivity cameaboutbecauseHDLs suchas
VHDL andVerilogalloweddesignersto specifycomplex function-
ality at the behavioral andregister transferlevel (RTL) in a rela-
tively succinctmannercomparedto theearlierstructural-onlyview.
However, aftera decadeof successfuldeployment,it appearsthat
thecurrentgenerationof HDLs areinsufficiently equippedto han-
dle the ever-increasingcomplexity hardware designand system-
level design. It is no longerproductive for designersto modelat
the level of individual bits imposedby HDL; moresophisticated
dataabstractioncapabilitiesare needed.Further, hardware is no
longerdesignedasan independententity. Hardwaremodulesfre-
quentlyco-exist on thesamechip with processorcores,embedded
software,andothercomplex IP blocks,which forcesdesignersto
performslow andinefficient co-simulationsof hardwareandsoft-
warepartswhenattemptingto simulatetheentiresystemtogether.
A cleanermechanismfor handlingsoftwareandhardwarecompo-
nentsin thesameenvironmentis badlyneeded.

Severalmodelingplatformshavebeenproposedin thepastyears
for increasingthelevel of abstractionandenablinghardware-software
co-design.Specificationat higherlevelsof abstractionis possible
in environmentssuchasSpecC[4]. A unified andintegratedap-
proachto hardware-softwareco-designis possibleif thehardware
modelingdescriptionis basedontheC/C++languagesthatarepop-
ular in thesoftwarecommunity. Hardware-C[6] is anexampleof
suchaproposal.

SystemC[7, 5, 8, 3] is anemergingstandardmodelingplatform
basedon C++ thataddressesthe issuesdiscussedabove, andsup-
portsdesignabstractionat theRTL, behavioral, andsystemlevels.
Consistingof a classlibrary anda simulationkernel,thelanguage
is an attemptat standardizationof a C/C++ designmethodology,
andis supportedby theOpenSystemCInitiative (OSCI),aconsor-
tium of a wide rangeof systemhouses,semiconductorcompanies,
IP providers,embeddedsoftwaredevelopers,anddesignautoma-
tion tool vendors. Apart from the modelingbenefitsavailable in
C++ suchasdataabstraction,modularity, andobjectorientation,
theadvantagesof SystemCincludetheestablishmentof acommon
designenvironmentconsistingof C++ libraries,modelsandtools,
therebysettingup a foundationfor hardware-softwareco-design;
theability to exchangeIP easilyandefficiently; andtheability to
reusetestbenchesacrossdifferentlevelsof modelingabstraction.

We discussthe overall SystemCdesignflow in Section2; the



SystemCfeaturesthatenablehardwareandsystemlevel modeling
in Sections� 3 and4; thelanguagearchitecturein Section5; andour
conclusionsin Section6.

2. THE SYSTEMC DESIGN FLOW
Weoutlinehereatypicaldesignflow usingtheSystemCenviron-

ment.Theflow highlightsthemostimportantstepsinvolvedin the
verificationandsynthesis/implementationtasksandis not exhaus-
tive. Sincethetechnologyis new, several toolsandmethodologies
aimedat providing a morecompletedesignenvironmentarecur-
rentlyunderdevelopment.

2.1 Simulation with SystemC
Figure1 illustratesa typicalsimulationmethodologyin theSys-

temC environment. The designerwrites the SystemCmodelsat
thesystemlevel, behavioral level, or RTL level usingC/C++aug-
mentedby theSystemCclasslibrary. Theclasslibrary servestwo
importantpurposes.First, it providestheimplementationof many
typesof objectsthatarehardware-specific,suchasconcurrentand
hierarchicalmodules,ports,andclocks.Second,it containsalight-
weight kernel for schedulingthe processes.The user’s SystemC
codecannow be compiledand linked togetherwith the classli-
brarywith any standardC++ compiler(suchasGNU’sgcc), and
the resultingexecutableserves as the simulatorof the user’s de-
sign. The testbenchfor verifying the correctnessof the designis
alsowritten in SystemCandcompiledalongwith thedesign.The
executablecanbe debuggedin any familiar C++ debuggingenvi-
ronment(suchasGNU’sgdb). Additionally, tracefilescanalsobe
generatedto view the history of selectedsignalsusinga standard
waveformdisplaytool.

SystemC Testbenches
SystemC Models

− System level
− Behavioral level
− RTL level

Executable
(Simulator)

SystemC
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C++ Compiler

C++ Debugger
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Figure 1: Simulation methodology. SystemCmodelsand test
benchesare processedby a standard C++ compiler. The gen-
erated executableservesas the simulator, and can alsobe de-
buggedusinga standard C++ debugger. History of selectedsig-
nalscanbedumpedinto a trace file for waveform display. (The
figure is adaptedfr om an illustration in [5])

The import of a traditionalsoftwaredevelopmentenvironment
into thehardwaredesignandsystemdesignscenarioentailssome

powerful advantages.The sophisticatedprogramdevelopmentin-
frastructurealreadyin placefor C/C++canbedirectly utilized for
the SystemCverificationanddebuggingtasks. For hardwarede-
signerstraditionallyusedto viewing simulationdatain theform of
waveformdisplays,the tracefile generationfacility providesa fa-
miliar interface.Conceptually, themostpowerful featureis thatthe
hardware,software,andtestbenchpartsof thedesigncanbesimu-
latedin onesimpleandunifiedsimulationenvironmentwithoutthe
needfor clumsyco-simulationsof disparatemodelingparadigms.

The sourcecodefor the latestSystemCclasslibrary (currently
version2.0beta)canbefreelydownloadedfrom [1].

2.2 Implementation and Synthesis
Themostimportantfeatureof theSystemCimplementationflow

is thatthespecificationis in acommonlanguagefor bothhardware
andsoftware parts. In fact, in the systemlevel SystemCmodel,
thetwo areindistinguishableastheassignmentof modulesto hard-
wareor softwarehasnot yet beenmade. Thus, trace-offs in the
implementationof differentpartsof thedesignin hardwareor soft-
ware,canbeexploredin a seamlessfashion,eliminatingtheneed
for re-implementingeachmodulein both C andHDL. This also
eliminatestheneedfor thesystemdesigntools to understandand
analyzethesyntaxandsemanticsof two disparatemodelingenvi-
ronments.
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Figure 2: Synthesis/Implementationflow. Designentry could
be at the System,Behavioral, or RTL levels. The sametest
bench could be used to validate models at differ ent levels of
abstraction



A typical top-down synthesis/implementationflow is illustrated
in Figure� 2. Thedesignentrycouldbeat any level of abstraction:
systemlevel (which could be an untimedfunctionalmodel, or a
transaction-level model),behavioral level, or RTL level. Thetran-
sition from a higherlevel to a lower level of abstractioncould be
achievedeitherthroughautomaticsynthesisandcompilationtools
(suchashardware/softwarepartitioningandco-synthesistools for
determiningwhich portion of the designis synthesizedinto gates
and which portion is compiledinto embeddedsoftware; andbe-
havioral synthesistools),or througha manualrefinementprocess.
Finally, theRTL-leveldesign,whethergeneratedby handorby pre-
vioussynthesissteps,is theinput to RTL- andlogic-synthesistools
familiar to hardwaredesigners;theoutputis agate-level netlist.

Thespecificationlanguageremainsthesameacrossall levelsof
synthesis,andthechangesin abstractionlevel involvesarefinement
into greaterdetail within the samelanguageanddesignenviron-
ment. This allows, for example,thesametestbenchto beusedto
verify thedesignat multiple levels,if carefullydesigned,resulting
in a designenvironmentthat is very tightly integrated.Of course,
sinceC++ hasmany constructsthatareunrelatedto hardware,ap-
propriatesubsets(e.g.,a synthesizableRTL style [9]) will have to
beusedfor synthesis.

Model refinement,whereweproceedfrom anabstractspecifica-
tion into a moredetailedone,could be in termsof eitherdataor
communication.Datarefinementinvolves the fixing of the exact
numberof bits for eachdataitem, andis typically performedlate
in thedesignphase,i.e., in thebehavioral andRTL designphases.
In contrast,communicationrefinementtypically occursearlyin the
systemdesignphase. Early modelsof systemdesignsmay em-
ploy abstracttransactionsfor communication,which, after verifi-
cation,needto bereplacedby anactualimplementation.SystemC
providesa powerful communicationrefinementmechanismwhere
sucha refinementcanbe performedeasilyby first fixing the in-
terfaceof thecommunicationchannelsandthenreplacingabstract
protocolswith concreteimplementations.Suchfacilities, which
are absentin currentHDLs, make SystemCan attractive design
languageat thesystemlevel.

3. HARDWARE MODELING
In orderfor a languageto beacceptablefor designingatmultiple

levelsof abstraction,it is importantthatits expressivepowershould
at leastmatchthat of the currenthardwaredescriptionlanguages
familiar to designers.SystemCprovidesmechanismsto modelthe
typicalhardwarefunctionalityby meansof constructsanalogousto
HDLs.

3.1 Structure and Hierar chy

Modules
Structuraldecompositionis oneof thefundamentalhardwaremod-
eling conceptsbecauseit helps partition a complex designinto
smallerentities.In SystemC,structuraldecompositionis specified
with modules,whicharethebasicbuilding blocks.A SystemCde-
scriptionconsistsof asetof connectedmodules,eachencapsulating
somebehavior or functionality. Modulescanbehierarchical,con-
taininginstancesof othermodules.Thenestingof hierarchycanbe
arbitrarily deep,which is an importantrequirementfor structural
designrepresentation.

SignalsandPorts
Thesimplestmeansof connectingtogetherdifferentSystemCmod-
ulesis by usingportsandsignals.Actually, the interfaceof mod-
ulesto theexternalworld canbemuchmoregeneralandsophisti-

cated,andis describedin Section4.2,but theinterfaceatthelowest
andmostprimitive levelsmatchesthetypical facilitiesavailablein
currentHDLs. A port hasan associateddirectionwhich can be
input,output,or bidirectional.

Figure 3 illustratesa simple structuraldesignconsistingof a
module� with hierarchicalinstantiationsof two modules� and �
within it (theinstantiationsbeingnamed�
	 and ��	 respectively)
with thefollowing characteristics:
Module � : inputports �
	 and ��� andoutputport ���
Module � : inputports ��	 and ��� andoutputport ���
Module � : inputports ��	 and ��� andoutputport ���

The ports are connectedas shown in Figure3. The SystemC
descriptionof theabove structurelooksasfollows.
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Figure3: Illustration of modules,ports, signals,and hierarchy.
Modules � and � are instantiated within module � . Signal � is
usedto connectports of � and � .

SC_MODULE (A) { // Module declaration
sc_in<bool> a1; // Port declarations
sc_in<bool> a2;
sc_out<bool> a3;
// rest omitted
};
SC_MODULE (B) {
sc_in<bool> b1;
sc_in<bool> b2;
sc_out<bool> b3;
// rest omitted
};
SC_MODULE (C) {
sc_in<bool> c1;
sc_in<bool> c2;
sc_out<bool> c3;
A *A1;
B *B1;
sc_signal<bool> s; // signal declaration
SC_CTOR (C) {
A1 = new A ("A1"); // Module instantiation
(*A1) (c1, c2, s); // Port mapping
B1 = new B ("B1");
(*B1) (s, c2, c3);

}
};

A moduleis declaredwith thekeyword SC MODULE, andports
are specifiedwith sc in, sc out, andsc inout keywords,



with the templateparameter<bool> indicating that the type is
boolean� (singlebit). Otherdatatypes,includinguserdefinedones,
couldalsobeusedasport types.Thestructuralhierarchyis spec-
ified insidetheconstructorfor themodule,specifiedwith thekey-
wordSC CTOR. Thepointerdeclarationandinvocationof new for���

and � � establishamoduleinstantiation.Theportmappingpa-
rametersconnectports  � ,  �! , andsignal " to threeportsof

�
�
.

Thus,signal " servesasthewire connectingtheoutputport #�$ of���
to theinputport % � of � � .

3.2 Functionality andConcurrency: Processes
The functionalityof a systemis describedin processesin Sys-

temC.Analogousto VHDL processes,theSystemCprocessesare
usedto representconcurrentbehavior – multiple processeswithin
a modulerepresenthardwareor softwareblocksexecutingin par-
allel. Processeshaveanassociatedsensitivity list – a list of signals
that trigger theexecutionof theprocess.Therearetwo important
typesof processes.

Methods
A methodprocessbehaveslike a functioncall andcanbeusedto
model simple combinationalbehavior. It doesnot have its own
threadof execution,andhence,cannotbesuspended.Thischarac-
teristicallows for highsimulationefficiency.

Threads
A threadprocesscanbe usedto modelsequentialbehavior. It is
associatedwith its own threadof execution,andcanbesuspended
andre-activated.

A simpleexampleinvolvingmethodandthreadprocessesisshown
below. Functions& and ' (whosedefinitionsareomitted)arereg-
isteredasa methodprocessanda threadprocessrespectively. The
sensitivity list is specifiedusingthesensitive keyword andthe
<< operator.

SC_MODULE (X) {
sc_in<bool> a, b;
void p(); // Function definition omitted
void q();
SC_CTOR (X) {

SC_METHOD (p); sensitive << a;
SC_THREAD (q); sensitive << a << b;

}
};

3.3 Time and Clocks
Sincetheconceptsof timeandclocksareveryimportantin mod-

elinghardware,SystemCprovidesamechanismto specifythem.A
clockwith aperiodof 10nscanbespecifiedas:

sc_clock clk ("clk", 10, SC_NS);

Thesensitive,sensitive pos, andsensitive neg key-
words can be usedto specify synchronizationof a processto a
clock.

SC_THREAD (x);
sensitive_pos << clk;

ensuresthat processx is activatedon the positive edgeof clock
signalclk.

3.4 TestBenches
Testbenchdesignis animportantpartof hardwaremodelingand

consumesasignificantamountof time. In SystemC,atestbenchis

specifiedwith anSC THREAD, just like any otherprocess,andis
easilyintegratedinto theoveralldesign.Sophisticatedtestbenches
canbe built usingall the constructsavailablein C++, in contrast
to the relatively primitive capabilitiesof VHDL andVerilog with
respectto, for example,file I/O, dataabstraction,andtext process-
ing. Sincethe testbenchdoesnot needto be synthesized,there
is no needto conformto any synthesizablesubsetof C++ while
writing them.

3.5 Data Types
In additionto thestandardC++datatypessuchasint, bool,

char, etc.,SystemCprovidesarich setof datatypeswhichcanbe
usedto modelhardware-specificconcepts.Weoutlinesomeuseful
datatypeshere.Thecompletelist of datatypesis givenin [2].

4-stateLogic
In additionto thestandardbit values’0’ and’1’, it is usefulto pro-
vide a mechanismto indicatethat the valueof a bit is unknown.
This helpsidentify initializationor conflict (multiple driver) prob-
lemsduring simulations.Further, thereis the needto specifythe
high impedance(or tristate) stateon signals. With this in mind,
SystemCprovides sc logic, a four statelogic data type, the
statesbeing’0’ (low or false),’1’ (high or true), ’X’ (unknown),
and’Z’ (high impedanceor tristate).

A logic vectordatatype,sc lv, is usedto specifydataitems
morethanonebit wide thatneedto bemodeledwith 4-statelogic,
e.g.,a tristatabledatabus.A buscanbetristatedasfollows:

sc_lv<8> data; // 8 bits wide
data = "ZZZZZZZZ"; // set to high impedance

SystemCalsoprovidesdatatypesto representresolved logic sig-
nals which is useful in modelingwires and buseswith multiple
drivers.

Bit andBit Vector
Thesc bit andsc bv typescanbe usedto modelbits andbit
vectorsfor whichonly two states,’0’ and’1’ aresufficient,andon
which logical operationssuchaslogical AND, logical OR, etcare
performed.Usefuloperationsfor thesetypesincludethereduction
(and reduce, or reduce, andxor reduce) andpart-select
(range). For example,

sc_bv<100> x,y; // 100-bit vectors
x = x | y; // logical OR
sc_logic r = x.and_reduce(); // AND reduction
sc_bv<50> z = x.range (49,0); // part select

FixedandArbitrary Precision
Theintegerdatatypesprovidedin C++,suchasint andunsigned
have an implementationdependentbit width. However, the de-
signermaywish to fix theprecisionof a dataitem if the rangeof
valuesit takes is known in advance. SystemCprovides two data
type familiesfor achieving this: fixedprecisionandarbitrarypre-
cision.

Thefixedprecisiontypessc int andsc uint canbeusedto
modeldatathat is up to 64 bits wide. Thesedatatypesareimple-
mentedwith a 64 bit integer. Theusualoperationsassociatedwith
C++ integerscanbeappliedto thefixedprecisiontypes,oneuseful
additionbeingthebit-selectoperation.For example:

sc_int<48> x; // signed, 48 bits wide
sc_uint<40> y; // unsigned, 40 bits wide
x = x * y; // result truncated to 48 bits
sc_logic p = x[3]; // bit select



Theremaybecaseswhereabit-width largerthan64bitsisneeded
to model( somedata,for example,a wide databus. In suchcases,
thearbitraryprecisiontypes,sc bigint andsc biguint pro-
videdby SystemCcanbeutilized. For example,

sc_bigint<128> x; // signed, 128 bit

Theregulararithmeticoperationscanbeperformedon thesetypes.

FixedPoint Representation
While the float datatype can be usedto model real numbers
in theearlystagesof simulation,thehardwaredesignermayhave
in mind an exact representationof suchdatain termsof the pre-
cision usedfor integral andfractionalparts. Thesc fixed and
sc ufixed data types,which are usedto representsuchfixed
point numbersin SystemC,areaccompaniedby thestandardchar-
acteristicsof fixed point arithmetic, such as quantizationmode,
overflow mode,andsaturationbits.

sc_fixed<8, 5, SC_RND, SC_WRAP, 2> x;

definesa variablex with total word length: 8 bits; integer word
length: 5 bits (left of decimalpoint); quantizationmode:roundto
plus infinity; overflow mode: wrap around;and2 saturationbits.
Thespecifiedcharacteristicsareusedin all arithmeticfor thefixed
pointvariables.Thefixedpointdatatypeis animportantmodeling
featureof SystemCthatis not foundin HDLs.

Thechoiceof datatypeshasa significantimpacton thesimula-
tion speed,andcaremustbetakento usethecorrectdatatypesdur-
ing modeling.For example,sc lv shouldbeusedonly in specific
instanceswhereeitherhigh impedancebehavior is involved,or re-
setbehavior in simulationis important;otherwise,thefastersc bv
typeshouldbeused.Similarly, if extensivearithmeticis performed,
thesc int andsc bigint typesshouldbepreferredto sc bv
to preventunnecessarytypeconversions.Thefixedprecisiontypes
(sc int) shouldbeusedwhereverpossible(i.e.,requiredbit width
lessthan64) insteadof arbitraryprecision(sc bigint) for sim-
ulationefficiency. Finally, thenativeC++ types(int) arethemost
efficient.

Thereaderis referredto [2] for anexhaustive list of all theSys-
temCdatatypesandtherelevantoperations.

4. SYSTEM LEVEL MODELING
Thefeaturesof SystemCreviewedin theprevioussectionmakeit

asuitablehardwaredescriptionlanguage.However, theabovemen-
tioned capabilitieswould make SystemConly a minor improve-
mentover theexistingHDLs. Thetrueadvantageof SystemCasa
specificationlanguageliesin thefactthatit encompassesall theim-
portanthardwaremodelingfeatures,aswell asprovidespowerful
modelingconstructsfor systemlevel design.This ensuresthat the
transitionto aSystemC-basedmethodologyentailsnocompromise
in termsof expressive power at thelower levelsof abstraction,and
yet providesa usefulframework for modelingat thehigherlevels.
CurrentHDLs sorelylack thelatterability.

The systemlevel modelingfeaturesintroducedin SystemC2.0
[3] mainly includethesupportof amuchmoregeneralandabstract
meansof communicationbetweenprocessesand a more general
mechanismfor eventsynchronization.

4.1 Eventsand Sensitivity
SystemC2.0 introducesa generalmechanismfor specification

andnotificationof events. Eventsareno longerequatedwith the
togglingof a singlebit, but areabstracttypesthatcanbeusedfor
moregeneralandcomplex interactions.Thesc event typecan

be usedto declareeventsthat canbe createdusing the notify
keyword andbesynchronizedwith in wait statements,asshown
below.

sc_event e1, e2; // declare events
sc_time t (5, SC_NS);
e1.notify (t); // notify event e1 after 5 ns
wait (e1); // suspend execution until

// event e1 occurs
wait (); // wait until an event occurs

// on the process sensitivity list
wait (10, SC_NS, e1 | e2);

// wait for events e1 or e2 to occur
// but for a maximum of 10 ns

4.2 Interfacesand Channels
In Section3.1,we illustrateda simpleexampleof modulescon-

nectedusingsignals.This pictureof communication,whereinter-
action betweenmodulesis restrictedto the passingof valueson
individual wires,is, however, at thelowestlevel of abstraction.At
the systemlevel, we needthe ability to modelmoreabstract,so-
phisticated,and intelligent communicationparadigms. SystemC
2.0 introducesthenotionof channelsandinterfaceswhichprovide
thismodelingability.

A systemlevel SystemCdesignconsistsof a setof modulesand
channelsat the top level. Loosely speaking,modulescover the
functionality-relatedaspectsof thesystem,andchannelscarry the
communication-relatedaspects.Channelscanbevery generaland
implementcomplex algorithmswithin themselves,e.g.,a complex
busprotocolwith arbitration;in factchannelscanhavehierarchical
structure.

Interface Port

Channel

Module

Module Module

Figure 4: Interfaces and Channels. Ports of modulesare con-
nectedto channelsthr ough interfaces.

Figure4 shows a simpledesignwith threemodulesconnected
to a channel. An interfaceconsistsof a set of methoddeclara-
tions (not relatedto SC METHODs) implementedby the chan-
nel. Thesemethodsarevisible to a port that is connectedto the
channelthroughthe interface. Thus, the port (andconsequently,
themodule)is insulatedfrom the implementationdetails(suchas
local data)of the channelitself. This architecturehelpskeepthe
functionality-relatedpartsof a designseparatefrom communica-
tion, asfar aspossible,andallows themodificationof onewithout
affectingtheotheraslongastheinterfaceis unchanged.

The interfaceand channelconstructswere inspiredby similar
conceptsin theSpecClanguage[4].

4.3 Primiti veand Hierar chical Channels
Channelsin SystemCcan be either primitive or hierarchical.

Primitive channelsarerelatively simple; SystemC2.0 providesa
set of primitive channelswhich have wide applicability, suchas
sc signal (classicalsignalsdiscussedin Section3.1),sc mutex



(usedto modelmutualexclusion)andsc fifo (usedfor modeling
queues).) Hierarchicalchannelscanexhibit structure;they aremod-
ules themselves, which in turn, cancontainprocesses,andother
channelsandmodules.Complex busprotocolswhich have several
sub-taskscanbeeffectively modeledusinghierarchicalchannels.

A simpleexampleof two modulesconnectedby a channelof
typesc fifo is shown below. A FIFO connectionis established
betweentheoutputportof moduleM1 andtheinputportof M2.

SC_MODULE (A) {
sc_fifo_in<int> in;
sc_fifo_out<int> out;
// rest omitted
};
...
A *M1, *M2; // instances of module A
...
sc_fifo<int> q (5); // create FIFO channel

// with buffer size 5
M1->out (q); // connect port ’out’ of M1 to q
M2->in (q); // connect port ’in’ of M2 to q

4.4 Methodology-SpecificLibraries
Themodelingmechanismpresentedabove is generalenoughfor

modelingmany differentmodelsof communicationandcomputa-
tion. Different communicationmethodologiescould be built on
this basicmodelinginfrastructure. A future releaseof SystemC
will containonesuchexample– the master-slave communication
library. The elementsprovided herecanbe usedto easilymodel
communicationinterfacesbasedonmaster-slavebusprotocols.

5. SYSTEMC ARCHITECTURE

5.1 LanguageDesign
The overall architectureof the SystemCclasslibrary is sum-

marizedin Figure5. The simulationkernel, i.e., the lightweight
schedulerthatis responsiblefor activatingandsuspendingtheSys-
temC processesis at the heartof the implementation,and forms
thebaselayer. Thegeneralizedeventmechanismdiscussedin Sec-
tion 4.1,which formsthebasisof synchronization,is introducedin
thenext layer. With theselayersasthe foundation,thecommuni-
cationelements– interfaces,channels,andportsaredefinedin the
next layer. Thedesignis basedon theinterface-method-call(IMC)
scheme:essentially, theportsaccessthechannelsonly throughthe
interfaces.Theexampleprimitivechannelssuppliedby SystemCis
built on this layer. Finally, thehierarchicalandotheruser-defined
channelsarebuilt onthetop layer. Themostimportantobservation
is thattheupperlayersarebuilt cleanlyon thelower ones,andthe
designercanusethemodelingmechanismsatany of thelevels.

Channels, Interfaces, Ports

Events, Dynamic Sensitivity

SystemC Scheduler

(signals, FIFOs, etc.)Primitive Channels

Layer 0

Layer 1

Layer 2

Layer 3

Layer 4 Methodology−specific and User−defined Channels

Figure 5: SystemCLanguageAr chitecture. Upper layers are
built cleanlyon top of lower layers.

5.2 Simulation Kernel
Thesimulationkernelfor SystemCfollows theevaluate-update

paradigmthat is commonin HDLs. The conceptof delta cycles,
wheremultiple evaluate-updatephasescanoccurat thesamesim-
ulation time, is supported.A simplifiedversionof the simulation
algorithmis asfollows:

1. Initialization: Executeall processesto initialize thesystem.

2. Evaluate: Executeaprocessthatis readyto run. Iterateuntil
all readyprocessesareexecuted.Eventsoccurringduringthe
executioncouldaddnew processesto thereadylist.

3. Update: Executeany update callsmadeduringstep2.

4. If delayednotificationsarepending,determinelist of ready
processesandproceedto Evaluatephase(step2).

5. Advancethe simulationtime to the earliestpendingtimed
notification. If no suchevent exists, simulationis finished,
elsedeterminereadyprocessesandproceedto step2.

6. CONCLUSION
SystemCis anew modelingenvironmentthatis rapidlyemerging

asan industrystandardfor describingdesignsat the RTL, behav-
ioral, andsystemlevels. While including all the importanthard-
ware modelingcapabilitiesoffered by currentgenerationHDLs,
SystemCalsoprovidesapowerful mechanismfor systemlevel de-
sign,with thefacility to specifyabstractcommunicationprotocols
thathelpmodelmostknown modelsof computation.Thekey ad-
vantageof a SystemCbaseddesignmethodologyis that thesame
languageinfrastructureis usedfor specifyingthe designat vari-
ouslevels of abstraction;thus,designrefinementfrom abstractto
detailedlevelsincludeonly achangein datatypesandcommunica-
tion, anddo not involve aswitchof designlanguage.All SystemC
constructshave beenimplementedwith standardC++, andno ex-
tensionsto theC++ languagewereneeded.Theuseof a standard
C++ basedframework for specifyingbothhardwareandsoftware
partsof a designpromisesto smoothhardware-softwareco-design
by bridgingthelong-standingspecificationlanguagegap.
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