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ABSTRACT

System(s a C++ basedmnodelingplatform supportingdesignab-

stractionsat the registertransfer behaioral, and systemlevels.

Consistingof aclasdibrary andasimulationkernel thelanguages

anattemptat standardizationf a C/C++designmethodologyand
is supportedy the OpenSystemQnitiative (OSCI),a consortium
of awide rangeof systemhousessemiconductocompaniesintel-

lectualproperty(IP) providers,embeddedoftwaredevelopersand
designautomationtool vendors. The advantagesf SystemCin-

cludethe establishmendf a commondesignervironmentconsist-
ing of C++ libraries,modelsandtools, therebysettingup a foun-

dationfor hardware-softvare co-designthe ability to exchangdP

easilyand efficiently; andthe ability to reusetestbenchesacross
differentlevels of modelingabstraction. We outline the features
of SystemCthatmale it an attractve languageor designspecifi-
cation,verification,andsynthesisat differentlevels of abstraction,
with particularemphasi®n the new featuresncludedin SystemC
2.0thatsupportsystem-lgel design.
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1. INTRODUCTION

The level of abstractiomat which hardware is designechasin-
creasedsignificantly with the widespreadadoptionof Hardware
DescriptionLanguagegHDLSs) asthe specificationformat, or the
designentry point, which hasled to anenormousncreaséen pro-
ductvity over the earlierschematientry baseddesignmethodol-
ogy. Theleapin productvity cameaboutbecauséHDLs suchas
VHDL andVerilogalloweddesignerso specifycomple function-
ality at the behaioral andregistertransferlevel (RTL) in arela-
tively succincimanneicomparedo theearlierstructural-onlyview.
However, aftera decadeof successfutleployment,it appearghat
the currentgeneratiorof HDLs areinsuficiently equippedo han-
dle the everincreasingcompleity hardware designand system-
level design. It is no longerproductie for designerso modelat
the level of individual bits imposedby HDL; more sophisticated
dataabstractioncapabilitiesare needed. Further hardware is no
longerdesignedasanindependenentity. Hardware modulesfre-
guentlyco-exist onthe samechip with processocores,embedded
software,andothercomple IP blocks, which forcesdesignerso
performslow andinefficient co-simulationof hardware and soft-
warepartswhenattemptingto simulatethe entiresystemtogether
A cleanemechanisnfor handlingsoftwareandhardwarecompo-
nentsin the sameenvironmentis badlyneeded.

Severalmodelingplatformshave beenproposedn thepastyears
for increasinghelevel of abstractiomndenablinghardware-softvare
co-design.Specificationat higherlevels of abstractioris possible
in environmentssuchas SpecC[4]. A unified andintegratedap-
proachto hardware-softvare co-designis possibleif the hardware
modelingdescriptioris basedntheC/C++languageshatarepop-
ularin the softnarecommunity Hardware-C[6] is an exampleof
suchaproposal.

System(7, 5, 8, 3] is anemeging standardnodelingplatform
basedon C++ thataddressethe issuesdiscussedboe, andsup-
portsdesignabstractioratthe RTL, behaioral, andsystemlevels.
Consistingof a classlibrary anda simulationkernel,thelanguage
is an attemptat standardizatiorf a C/C++ designmethodology
andis supportedy the OpenSystemdnitiative (OSCI),aconsor
tium of awide rangeof systemhousessemiconductocompanies,
IP providers,embeddedsoftware developers,and designautoma-
tion tool vendors. Apart from the modelingbenefitsavailablein
C++ suchasdataabstractionmodularity and objectorientation,
theadwantage®f Systemdncludetheestablishmendf acommon
designervironmentconsistingof C++ libraries,modelsandtools,
therebysettingup a foundationfor hardware-softvare co-design;
the ability to exchangelP easilyandefficiently; andthe ability to
reusetestbenchescrosdifferentlevels of modelingabstraction.

We discussthe overall SystemCdesignflow in Section2; the



SystemCfeatureshatenablehardwareandsystemlevel modeling
in Sections3 and4; thelanguagearchitecturen Section5; andour
conclusionsn Section6.

2. THE SYSTEMC DESIGN FLOW

We outlinehereatypical desigrflow usingthe SystemCerviron-
ment. Theflow highlightsthe mostimportantstepsinvolvedin the
verificationandsynthesis/implementatidasksandis not exhaus-
tive. Sincethetechnologyis new, severaltoolsandmethodologies
aimedat providing a more completedesignenvironmentare cur
rently underdevelopment.

2.1 Simulation with SystemC

Figurel illustratesa typical simulationmethodologyin the Sys-
temC ervironment. The designenwrites the SystemCmodelsat
the systemlevel, behaioral level, or RTL level usingC/C++aug-
mentedby the SystemCclasslibrary. The classlibrary senestwo
importantpurposesFirst, it providestheimplementatiorof mary
typesof objectsthatarehardware-specificsuchasconcurrenand
hierarchicamodulesports,andclocks.Secondit containsalight-
weight kernelfor schedulingthe processes.The users SystemC
codecannow be compiledand linked togetherwith the classli-
brarywith ary standardC++ compiler(suchasGNU’s gcc), and
the resulting executablesenes as the simulatorof the users de-
sign. ThetestbencHor verifying the correctnessf the designis
alsowritten in SystemCandcompiledalongwith the design.The
executablecanbe detuggedin ary familiar C++ delhuggingervi-
ronment(suchasGNU’sgdb). Additionally, tracefiles canalsobe
generatedo view the history of selectedsignalsusinga standard
waveformdisplaytool.

SystemC Models

— System level
— Behavioral level
- RTL level

SystemC
Class Library

SystemC Testbenches

Executable
(Simulator)

C++ Debugger

Trace Files

Figure 1: Simulation methodology SystemCmodelsand test
benchesare processedy a standard C++ compiler. The gen-
erated executablesewves asthe simulator, and can also be de-
buggedusinga standard C++ debugger. History of selectedsig-
nals canbe dumpedinto atrace file for waveform display. (The
figureis adaptedfrom an illustration in [5])

The import of a traditional software developmentervironment
into the hardware designandsystemdesignscenaricentailssome

powerful advantages.The sophisticategrrogramdevelopmentin-
frastructurealreadyin placefor C/C++canbedirectly utilized for
the SystemCuverification and detugging tasks. For hardware de-
signergraditionallyusedto viewing simulationdatain theform of
waveformdisplays thetracefile generatiorfacility providesafa-
miliar interface.Conceptuallythe mostpowerful featureis thatthe
hardvare,software,andtestbenctpartsof the designcanbe simu-
latedin onesimpleandunifiedsimulationervironmentwithoutthe
needfor clumsyco-simulationof disparatenodelingparadigms.
The sourcecodefor the latestSystemCclasslibrary (currently
version2.0beta)canbefreely downloadedrom [1].

2.2 Implementation and Synthesis

Themostimportantfeatureof the Systemdmplementatiorilow
is thatthe specificatioris in acommonlanguagedor bothhardware
and software parts. In fact, in the systemlevel SystemCmodel,
thetwo areindistinguishablastheassignmenof modulego hard-
ware or software hasnot yet beenmade. Thus, trace-ofs in the
implementatiorof differentpartsof the designin hardwareor soft-
ware,canbe exploredin a seamlesgashion,eliminatingthe need
for re-implementingeachmodulein both C andHDL. This also
eliminatesthe needfor the systemdesigntoolsto understancnd
analyzethe syntaxandsemanticof two disparatemodelingervi-
ronments.
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Figure 2: Synthesis/Implementationflow. Designentry could
be at the System,Behavioral, or RTL levels. The sametest
bench could be usedto validate models at differ ent levels of
abstraction



A typical top-davn synthesis/implementatidiow is illustrated
in Figure2. Thedesignentry could be at ary level of abstraction:
systemlevel (which could be an untimedfunctionalmodel, or a
transaction-leel model),behaioral level, or RTL level. Thetran-
sition from a higherlevel to a lower level of abstractiorcould be
achieved eitherthroughautomaticsynthesisandcompilationtools
(suchashardwvare/softvare partitioningand co-synthesigools for
determiningwhich portion of the designis synthesizednto gates
and which portion is compiledinto embeddedsoftware; and be-
havioral synthesigools), or througha manualrefinemenfprocess.
Finally, theRTL-level designwhethergeneratethy handor by pre-
vioussynthesistepsjs theinputto RTL- andlogic-synthesigools
familiar to hardwaredesignersthe outputis a gate-level netlist.

The specificatioanguageaemainshe sameacrossall levels of
synthesisandthechangen abstractiodevelinvolvesarefinement
into greaterdetail within the samelanguageand designerviron-
ment. This allows, for example,the sametestbenchto be usedto
verify the designat multiple levels, if carefullydesignedresulting
in adesignervironmentthatis very tightly integrated. Of course,
sinceC++ hasmary constructghatareunrelatedo hardware,ap-
propriatesubsetge.g.,a synthesizabl&RTL style[9]) will have to
be usedfor synthesis.

Modelrefinementwherewe proceedrom anabstracspecifica-
tion into a more detailedone, could be in termsof eitherdataor
communication.Datarefinementinvolvesthe fixing of the exact
numberof bits for eachdataitem, andis typically performediate
in the designphasej.e., in thebehaioral andRTL designphases.
In contrastcommunicatiorrefinementypically occursearlyin the
systemdesignphase. Early modelsof systemdesignsmay em-
ploy abstractiransactionsor communicationwhich, after verifi-
cation,needto bereplacedy anactualimplementation SystemC
providesa powerful communicatiorrefinemenimechanisnwhere
sucha refinementcan be performedeasily by first fixing the in-
terfaceof the communicatiorchannelsaandthenreplacingabstract
protocolswith concreteimplementations. Suchfacilities, which
are absentin currentHDLs, make SystemCan attractive design
languageatthe systemlevel.

3. HARDWARE MODELING

In orderfor alanguagéo beacceptabléor designingat multiple
levelsof abstractionit isimportantthatits expressie powershould
at leastmatchthat of the currenthardware descriptionlanguages
familiar to designersSystemQorovidesmechanism$o modelthe
typical hardwarefunctionalityby meansf construct@analogougo
HDLs.

3.1 Structure and Hierar chy

Modules

Structuraldecompositioris oneof thefundamentahardwaremod-
eling conceptsbecausdt helps partition a complex designinto
smallerentities.In SystemCstructuraldecompositioris specified
with moduleswhich arethebasichuilding blocks.A SystemGle-
scriptionconsist®f asetof connecteanodulesgachencapsulating
somebehaior or functionality Modulescanbe hierarchical con-
taininginstance®f othermodules.Thenestingof hierarchycanbe
arbitrarily deep,which is an importantrequiremenfor structural
designrepresentation.

SignalsandPorts

Thesimplesimeanof connectingogethedifferentSystemdnod-
ulesis by usingportsandsignals. Actually, the interfaceof mod-
ulesto the externalworld canbe muchmoregeneralandsophisti-

catedandis describedn Sectiord.2,but theinterfaceatthelowest
andmostprimitive levels matcheghetypical facilities availablein
currentHDLs. A port hasan associatedlirection which canbe
input, output,or bidirectional.

Figure 3 illustratesa simple structuraldesignconsistingof a
moduleC with hierarchicalnstantiationsf two modulesA andB
within it (theinstantiationdeingnamedAl and B1 respectiely)
with thefollowing characteristics:

Module A: inputportsal anda2 andoutputporta3
Module B: inputportsbl andb2 andoutputportb3
ModuleC': inputportsel andc¢2 andoutputportc3

The ports are connectedas shavn in Figure3. The SystemC

descriptionof theabove structurdooksasfollows.

Instantiation (module A)

Outer Mo?ule Instantiation (module B)
‘ 'I 'I
;€ 3
Al B1
cl
al a3 bl b3
S c3
‘a2 A b2
R T

Ports

Figure 3: lllustration of modules,ports, signals,and hierarchy.
Modules A and B areinstantiated within module C. Signal s is
usedto connectports of A and B.

SC MODULE (A) { // Modul e declaration
sc_in<bool > al; // Port declarations
sc_i n<bhool > a2;
sc_out <bool > a3;
/1 rest onmtted
1
SC_MODULE (B) {
sc_i n<bool > bl;
sc_i n<bool > b2;
sc_out <bool > b3;
/1 rest omtted
1
SC_MODULE (O {
sc_i n<bool > c1;
sc_i n<hool > c2;
sc_out <bool > c3;
A *Al;
B *B1;
sc_si gnal <bool > s;
SC CTOR (O {

Al = new A ("Al1"); // MNodule instantiation

(*Al) (cl, c2, s); // Port mapping

Bl = new B ("B1");

(*Bl) (s, c2, c3);

}
}s

A moduleis declaredwith the keyword SC_MODULE, andports
are specifiedwith sc_i n, sc_out, andsc_i nout keywords,

/1 signal declaration



with the templateparametexbool > indicating that the type is

boolkean(singlebit). Otherdatatypes,includinguserdefinedones,
couldalsobe usedasport types. The structuralhierarchyis spec-
ified insidethe constructorfor the module,specifiedwith the key-

word SC_CTOR. Thepointerdeclaratiorandinvocationof new for

Al andB1 establisha moduleinstantiation.The port mappingpa-
rametersconnectportscl, ¢2, andsignal s to threeportsof Al.

Thus,signals senesasthe wire connectinghe outputporta3 of

Al totheinputportbl of B1.

3.2 Functionality andConcurrency: Processes

The functionality of a systemis describedn processei Sys-
temC.Analogousto VHDL processeghe SystemQprocessesre
usedto representoncurrenbehaior — multiple processesvithin
amodulerepresenhardware or software blocksexecutingin par
allel. Processebave anassociatedensitvity list —alist of signals
thattriggerthe executionof the process.Therearetwo important
typesof processes.

Methods

A methodprocesshehaeslike a function call and canbe usedto
model simple combinationalbehaior. It doesnot have its own
threadof execution,andhence cannotbe suspendedThis charac-
teristicallows for high simulationefficiengy.

Threads

A threadprocesscanbe usedto modelsequentiabehaior. It is
associatedvith its own threadof execution,andcanbe suspended
andre-actvated.

A simpleexampleinvolving methodandthreadorocesseis shavn
belav. Functionsp andg (whosedefinitionsare omitted)arereg-
isteredasa methodprocessaainda threadprocesgespectrely. The
sensitvity list is specifiedusingthesensi t i ve keyword andthe
<< operator

SC_MODULE (X) {
sc_i n<bhool > a, b;

void p(); // Function definition omtted
void q();
SC CTOR (X) {

SC_METHOD (p);
SC THREAD (q);

sensitive << a;
sensitive << a << b;
}

}s

3.3 Time and Clocks

Sincetheconceptof time andclocksareveryimportantin mod-
eling hardvare,System(rovidesamechanisnto specifythem.A
clockwith aperiodof 10 nscanbespecifiedas:

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

Thesensi tive,sensitive_pos,andsensitive_neg key-
words can be usedto specify synchronizatiorof a processto a
clock.

SC_THREAD (x);
sensitive_pos << clk;

ensureshat processx is activatedon the positive edgeof clock
signalcl k.

3.4 TestBenches

Testbenchdesignis animportantpartof hardwaremodelingand
consumesi significantamountof time. In SystemCatestbenchis

specifiedwith an SC.THREAD, just like ary otherprocessandis
easilyintegratedinto the overall design.Sophisticatedestbenches
canbe built usingall the constructsavailablein C++, in contrast
to the relatively primitive capabilitiesof VHDL and Verilog with
respecto, for example file 1/0, dataabstractionandtext process-
ing. Sincethe testbenchdoesnot needto be synthesizedthere
is no needto conformto ary synthesizablesubsetof C++ while
writing them.

3.5 DataTypes

In additionto thestandardC++datatypessuchasi nt, bool ,
char, etc.,System(orovidesarich setof datatypeswhich canbe
usedto modelhardwvare-specificonceptsWe outline someuseful
datatypeshere.The completdist of datatypesis givenin [2].

4-statel ogic

In additionto thestandardit values'0’ and’l’, it is usefulto pro-
vide a mechanismo indicatethat the value of a bit is unknown
This helpsidentify initialization or conflict (multiple driver) prob-
lemsduring simulations. Further thereis the needto specifythe
high impedancdor tristate) stateon signals. With this in mind,
SystemCprovides sc_| ogi ¢, a four statelogic datatype, the
statesbeing’0’ (low or false),’1’ (high or true),’X’ (unknavn),
and’Z’ (highimpedanceor tristate).

A logic vectordatatype, sc_l v, is usedto specify dataitems
morethanonebit wide thatneedto be modeledwith 4-statelogic,
e.g.,atristatabledatabus. A buscanbetristatedasfollows:

sc_lv<8> data; // 8 bits wide
data = "Zzzzzzzz7"; |/ set to high inmpedance

SystemCalso provides datatypesto representesohed logic sig-
nals which is usefulin modelingwires and buseswith multiple
drivers.

Bit andBit \ector

Thesc_bit andsc_bv typescanbe usedto modelbits and bit

vectorsfor which only two states;0’ and’1l’ aresufiicient,andon

which logical operationssuchaslogical AND, logical OR, etcare
performed.Useful operationdor thesetypesincludethereduction
(and_r educe, or _reduce, andxor _r educe) andpart-select
(r ange). For example,

sc_bv<100> x,y; // 100-bit vectors
x =x | vy; I/ logical OR

sc_logic r = x.and_reduce();
sc_bv<50> z = x.range (49,0);

/1 AND reduction
/1 part select

FixedandArbitrary Precision

Theintegerdatatypesprovidedin C++,suchasi nt andunsi gned
have an implementationdependenbit width. However, the de-

signermay wish to fix the precisionof a dataitem if the rangeof

valuesit takesis known in adwance. SystemCprovidestwo data
type familiesfor achieving this: fixed precisionandarbitrarypre-

cision.

Thefixedprecisiontypessc_i nt andsc_ui nt canbeusedto
modeldatathatis up to 64 bits wide. Thesedatatypesareimple-
mentedwith a 64 bit integer Theusualoperationsassociatedavith
C++integerscanbeappliedto thefixedprecisiontypes,oneuseful
additionbeingthebit-selectoperation.For example:

/1 signed, 48 bits wide

/1 unsigned, 40 bits wi de
result truncated to 48 bits
/1l bit select

scC_i nt <48> x;
sc_ui nt<40> vy;
X =x *vy; Il
sc_logic p = x[3];



Theremaybecasesvhereabit-width largerthan64 bitsis needed
to moedelsomedata,for example,a wide databus. In suchcases,
the arbitraryprecisiontypes,sc_bi gi nt andsc_bi gui nt pro-
videdby SystemCcanbe utilized. For example,

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

Theregulararithmeticoperationsanbeperformedontheseypes.

FixedPoint Repesentation

While the f | oat datatype canbe usedto model real numbers
in the early stagesf simulation,the hardware designemay have

in mind an exact representationf suchdatain termsof the pre-
cision usedfor integral andfractionalparts. Thesc_f i xed and
sc.uf i xed datatypes,which are usedto represensuchfixed

pointnumbersn SystemCareaccompaniedthy the standarcthar

acteristicsof fixed point arithmetic, such as quantizationmode,
overflov mode,andsaturatiorbits.

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); quantizatiormode:roundto
plusinfinity; overflov mode: wrap around;and?2 saturationbits.
The specifiedcharacteristicareusedin all arithmeticfor thefixed
pointvariables.Thefixed pointdatatypeis animportantmodeling
featureof SystemQhatis notfoundin HDLs.

The choiceof datatypeshasa significantimpacton the simula-
tion speedandcaremustbetakento usethecorrectdatatypesdur-
ing modeling.For example,sc_| v shouldbeusedonly in specific
instancesvhereeitherhigh impedancéehaior is involved, or re-
setbehaior in simulationis important;otherwisethefastersc _bv
typeshouldbeused.Similarly, if extensve arithmeticis performed,
thesc_i nt andsc_bi gi nt typesshouldbe preferredto sc_bv
to preventunnecessartype conversions.Thefixed precisiontypes
(sc_i nt)shouldbeusedwvhereverpossiblg(i.e.,requirecbit width
lessthan64) insteadof arbitraryprecision(sc_bi gi nt) for sim-
ulationefficiengy. Finally, thenative C++types(i nt ) arethemost
efficient.

Thereadeiis referredto [2] for anexhaustve list of all the Sys-
temCdatatypesandtherelevantoperations.

4. SYSTEM LEVEL MODELING

Thefeatureof SystemQGeviewedin theprevioussectiormale it
asuitablenardwaredescriptiodanguageHowever, theabose men-
tioned capabilitieswould make SystemConly a minor improve-
mentover the existing HDLs. Thetrue advantageof SystemCasa
specificatiolanguagdiesin thefactthatit encompassesl theim-
portanthardware modelingfeatures aswell asprovidespowerful
modelingconstructdor systemlevel design.This ensureghatthe
transitionto a SystemC-basehethodologyentailsno compromise
in termsof expressie power atthelower levelsof abstractionand
yet providesa usefulframevork for modelingat the higherlevels.
CurrentHDLs sorelylack thelatterability.

The systemlevel modelingfeaturesintroducedin SystemC2.0
[3] mainlyincludethesupportof amuchmoregenerabndabstract
meansof communicationbetweenprocessesand a more general
mechanisnfor eventsynchronization.

4.1 Eventsand Sensitvity

SystemC2.0 introducesa generalmechanisnfor specification
andnatificationof events. Eventsareno longerequatedwith the
toggling of a singlebit, but areabstractypesthatcanbe usedfor
more generaland comple interactions.Thesc_event typecan

be usedto declareeventsthat canbe createdusingthe noti fy
keyword andbe synchronizedvith in wai t statementsasshavn
below.

sc_event el, e2; // declare events
sc_tinme t (5, SC.NS);
el.notify (t); // notify event el after 5 ns

wait (el); // suspend execution until
/'l event el occurs
wait (); // wait until an event occurs

/1 on the process sensitivity list
wait (10, SC NS, el | e2);
/1 wait for events el or e2 to occur
/1 but for a maxi mumof 10 ns

4.2 Interfacesand Channels

In Section3.1, we illustrateda simpleexampleof modulescon-
nectedusingsignals. This pictureof communicationywhereinter
action betweenmodulesis restrictedto the passingof valueson
individual wires, is, however, at the lowestlevel of abstraction At
the systemlevel, we needthe ability to model more abstract,so-
phisticated,and intelligent communicationparadigms. SystemC
2.0introduceghenotionof channelsandinterfaceswhich provide
this modelingability.

A systemlevel SystemQdesignconsistof a setof modulesand
channelsat the top level. Loosely speaking,modulescover the
functionality-relatecaspect®f the systemandchannelarry the
communication-relatedspectsChannelsanbevery generaland
implementcomple algorithmswithin themseles,e.g.,a comple
busprotocolwith arbitration;in factchannelsanhave hierarchical
structure.

Module

Interface

Channel

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

Figure4 shavs a simple designwith threemodulesconnected
to a channel. An interface consistsof a setof methoddeclara-
tions (not relatedto SCMETHODSs) implementedby the chan-
nel. Thesemethodsare visible to a port thatis connectedo the
channelthroughthe interface. Thus, the port (and consequently
the module)is insulatedfrom the implementatiordetails(suchas
local data)of the channelitself. This architecturehelpskeepthe
functionality-relatedoartsof a designseparatdrom communica-
tion, asfar aspossible andallows the modificationof onewithout
affectingtheotheraslong astheinterfaceis unchanged.

The interface and channelconstructsvere inspired by similar
conceptsn the SpecCanguagdg4].

4.3 Primiti ve and Hierar chical Channels

Channelsin SystemCcan be either primitive or hierarchical.
Primitive channelsarerelatively simple; SystemC2.0 providesa
setof primitive channelswhich have wide applicability suchas
sc._si gnal (classicakignaldiscusseéh Section3.1),sc_nut ex



(usedto modelmutualexclusion)andsc _f i f o (usedfor modeling
gueues)Hierarchicalkchannelsanexhibit structurethey aremod-
ulesthemseles, which in turn, can containprocessesand other
channelsandmodules.Comple bus protocolswhich have several
sub-taskganbe effectively modeledusinghierarchicachannels.
A simple exampleof two modulesconnectecby a channelof
typesc_fi f o is shavn belon. A FIFO connectioris established
betweertheoutputport of moduleM1 andtheinput port of M2.

SC_MODULE (A) {
sc_fifo_in<int> in;
sc_fifo_out<int> out;
/1 rest omtted

b
A *M, *M2; // instances of nodule A

sc_fifo<int> q (5); // create FlIFO channel

/1 with buffer size 5
ML- >out (q); // connect port 'out’ of ML to g
M2->in (q); // connect port ’in of M2 to q

4.4 Methodology-SpecificLibraries

Themodelingmechanisnpresentedbore is generakenoughfor
modelingmary differentmodelsof communicatiorand computa-
tion. Differentcommunicatiormethodologiesould be built on
this basicmodelinginfrastructure. A future releaseof SystemC
will containone suchexample— the masterslave communication
library. The elementgrovided herecan be usedto easilymodel
communicatiorinterfacesbasen masterslave busprotocols.

5. SYSTEMC ARCHITECTURE
5.1 LanguageDesign

The overall architectureof the SystemCclasslibrary is sum-
marizedin Figure5. The simulationkernel,i.e., the lightweight
schedulethatis responsibldor activatingandsuspendinghe Sys-
temC processess at the heartof the implementationand forms
thebasdayer Thegeneralizegventmechanisntiscussedh Sec-
tion 4.1,which formsthebasisof synchronizationis introducedn
the next layer With theselayersasthe foundation,the communi-
cationelements- interfaces channelsandportsaredefinedin the
next layer Thedesignis basedn theinterface-method-ca{lMC)
schemeessentiallythe portsaccesshe channelonly throughthe
interfaces.Theexampleprimitive channelsuppliedby Systemds
built on this layer. Finally, the hierarchicalandotheruserdefined
channelsrebuilt onthetoplayer Themostimportantobseration
is thatthe upperlayersarebuilt cleanlyonthelower ones,andthe
designercanusethemodelingmechanismatary of thelevels.

Layer 4 | Methodology-specific and User—defined Channels
Layer 3 Primitive Channels (signals, FIFOs, etc.)
Layer 2 Channels, Interfaces, Ports

Layer 1 Events, Dynamic Sensitivity

Layer 0 SystemC Scheduler

Figure 5: SystemCLanguage Ar chitecture. Upper layers are
built cleanly on top of lower layers.

5.2 Simulation Kernel

The simulationkernelfor SystemCfollows the evaluate-update
paradigmthatis commonin HDLs. The conceptof deltacycles
wheremultiple evaluate-updatphaseganoccurat the samesim-
ulationtime, is supported.A simplified versionof the simulation
algorithmis asfollows:

1. Initialization: Executeall processet initialize thesystem.

2. Evaluate Executea procesghatis readyto run. Iterateuntil
all readyprocesseareexecuted Eventsoccurringduringthe
executioncouldaddnew processeto thereadylist.

3. Update Executeary updat e callsmadeduringstep2.

4. If delayednotificationsare pending,determindist of ready
processeandproceedo Evaluatephasg(step2).

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

6. CONCLUSION

Systems anev modelingervironmentthatis rapidlyemeging
asanindustrystandardor describingdesignsat the RTL, beha-
ioral, and systemlevels. While including all the importanthard-
ware modeling capabilitiesoffered by currentgenerationHDLS,
SystemQCalsoprovidesa powerful mechanismior systemlevel de-
sign, with thefacility to specifyabstraccommunicatiorprotocols
thathelp modelmostknovn modelsof computation.The key ad-
vantageof a SystemChaseddesignmethodologyis thatthe same
languageinfrastructureis usedfor specifyingthe designat vari-
ouslevels of abstractionthus, designrefinementrom abstracto
detailedevelsincludeonly achangen datatypesandcommunica-
tion, anddo notinvolve a switch of designlanguageAll SystemC
constructshave beenimplementedvith standardC++, andno ex-
tensiongo the C++ languagenvereneeded.The useof a standard
C++ basedframework for specifyingboth hardware and software
partsof adesignpromisego smoothhardware-softvare co-design
by bridgingthelong-standingpecificatiolanguagegap.
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