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Chapter 1. Intr oduction

Thebasicpurposeof this tutorial is to guidea userthroughour System-on-Chipdesign
environment(SCE).SCEhelpsdesignersto take an abstractfunctionaldescriptionof
thedesignandproduceanimplementation.We begin with a brief overview of our SoC
methodologyby describingthedesign�o w andvariousabstractionlevels.Theoverview
alsocoverstheuserinterfacesandthetoolsthatsupportthedesign�o w.

Wethendescribetheexamplethatweusethroughoutthis tutorial.WeselectedtheGSM
Vocoderasan examplefor a variety of reasons.For one,the Vocoderis a fairly large
designandis anaptrepresentativeof a typical componentof a System-on-Chipdesign.
Moreover, thefunctionalspeci�cationof theVocoderis well de�ned andpublicly avail-
ablefrom theEuropeanTelecommunicationStandardsInstitute(ETSI).

Thetutorial givesa stepby stepillustrationof usingtheSystem-on-ChipEnvironment.
Screenshotsof the GUI are presentedto aid the userin using the variousfeaturesof
SCE.(Pleasenotethat,dependingonyourspeci�c versionof theSystem-on-ChipEnvi-
ronmentSCEandyoursystemsettings,thescreenshotsshown in thisdocumentmaybe
slightly differentfrom theactualdisplayon your screen.)Over thecourseof this chap-
ter, theuseris guidedon synthesizingtheVocodermodelfrom anabstractspeci�cation
to a clock cycle accurateimplementation.Thescreenshotsat eachdesignsteparesup-
plementedwith brief observationsandthe rationalefor makingdesigndecisions.This
wouldhelpthedesignerto gainaninsightinto thedesignprocessinsteadof merelyfol-
lowing thesteps.Wewind up thetutorialwith aconclusionandreferences.This tutorial
assumesthat the readersof this tutorial have basicknowledgeof systemdesigntasks
and�o w. In casethereaderfeelsdif�culty goingfollowing this tutorial, hecanalways
go to theAppendixA: FAQ (FrequentlyAskedQuestions)at theendof the tutorial to
seekmoreexplanation.

1.1. Motiv ation

System-on-Chipcapability introducesnew challengesin the designprocess.For one,
co-designbecomesacrucialissue.SoftwareandHardwaremustbedevelopedtogether.
However, bothSoftwareandHardwaredesignershavedifferentviewsof thesystemand
they usedifferentdesignandmodelingtechniques.

Secondly, theprocessof systemdesignfrom speci�cationto maskis longandelaborate.
Theprocessmustthereforebesplit into severalsteps.At eachdesignstep,modelsmust
bewrittenandrelevantpropertiesmustbeveri�ed.
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Chapter1. Introduction

Thirdly, thesystemdesignersarenot particularlyfond of having to learndifferentlan-
guages.Moreover, writing different modelsand validating them for eachstepin the
designprocessis a hugeoverkill. Designerspreferto createsolutionsratherthanwrite
severalmodelsto verify theirdesigns.

It is with theseaspectsandchallengesin mind that we have comeup with a System-
on-ChipEnvironmentthat takesoff the drudgeryof manualrepetitive work from the
designersby generatingeachsuccessivemodelautomaticallyaccordingto thedecisions
madeby thedesigners.

1.2. SCE Goals

SCErepresentsa new technologythatallows designersto capturesystemspeci�cation
asa compositionof C-functions.Theseareautomaticallyre�ned into differentmodels
requiredat eachstepof thedesignprocess.Thereforedesignerscandevotemoreeffort
to thecreative partof designingandthetoolscancreatemodelsfor validationandsyn-
thesis.Theendresultis thatthedesignersdo not needto learnnew systemlevel design
languages(SystemC,SpecC,Superlog,etc.)or eventheexisting HardwareDescription
Languages(Verilog,VHDL).

Consequently, thedesignershaveto enteronly thegoldenspeci�cationof thedesignand
make designdecisionsinteractively in SCE.The modelsfor simulation,synthesisand
veri�cation aregeneratedautomatically.
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Chapter1. Introduction

1.3. Models for System Design

Figure 1-1.System-on-ChipEnvir onment
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The System-on-Chipdesignenvironmentis shown in �gure 1-1. It consistsof 4 lev-
elsof modelabstraction,namelyspeci�cation,architecture,communicationandcycle-
accuratemodels.Consequently, thereare3 re�nementsteps,namelyarchitecturere�ne-
ment,communicationre�nementandHW/SW re�nement.Thesere�nementstepsare
preformedin the top-down orderasshown. As shown in �gure 1-1, we begin with an
abstractspeci�cationmodel.Thespeci�cationmodelis untimedandhasonly thefunc-
tionaldescriptionof thedesign.Architecturere�nementtransformsthis speci�cationto
anarchitecturemodel.It involvespartitioningthedesignandmappingthepartitionsonto
theselectedcomponents.Thearchitecturemodelthusre�ects theintendedarchitecture
for thedesign.Thenext step,communicationre�nement,addssystembussesto thede-
sign andmapsthe abstractcommunicationbetweencomponentsonto the busses.The
resulteddesignis a timing accuratecommunicationmodel(busfunctionalmodel).The
�nal stepis HW/SW re�nementwhich producesclock cycle accurateRTL model for
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Chapter1. Introduction

thehardwarecomponentsandinstructionsetspeci�c assemblycodefor theprocessors.
All modelshave well de�ned semantics,areexecutableandcanbe validatedthrough
simulation.

1.4. System-on-Chip Envir onment

TheSCEprovidesanenvironmentfor modeling,synthesisandvalidation.It includesa
graphicaluserinterface(GUI) andasetof toolsto facilitatethedesign�o w andperform
the aforementionedre�nement steps.The two major componentsof the GUI are the
Re�nementUserInterface(RUI) on theleft andtheValidationUserInterface(VUI) on
the right asshown in �gure 1-1. The RUI allows designersto make andinput design
decisions,suchascomponentallocation,speci�cationmapping.With designdecisions
made,re�nementtoolscanbeinvokedinsideRUI to re�ne models.TheVUI allowsthe
simulationof all modelsto validatethedesignateachstageof thedesign�o w.

Eachof the boxescorrespondsto a tool which performsa speci�c taskautomatically.
A pro�ling tool is usedto obtain the characteristicsof the initial speci�cation,which
servesas the basisfor architectureexploration.The re�nement tool setautomatically
transformsmodelsbasedon relevantdesigndecisions.Theestimationtool setproduces
qualitymetricsfor eachintermediatemodels,whichcanbeevaluatedby designers.

With the assistanceof the GUI and tool set, it is relatively easyfor designerto step
throughthe designprocess.With the editing, browsing andalgorithmselectioncapa-
bility providedby RUI, a speci�cationmodelcanbeef�ciently capturedby designers.
Basedon theinformationpro�led on thespeci�cation,designersinput architecturalde-
cisionsandapplythearchitecturere�nementtool to derivethearchitecturemodel.If the
estimatedmetricsaresatisfactory, designerscanfocuson communicationissues,such
asprotocolselectionandchannelpartitioning.With communicationdecisionsmade,the
communicationre�nement tool is usedto generatethecommunicationmodel.Finally,
theimplementationmodelis producedin thesimilarfashion.Theimplementationmodel
is readyfor RTL synthesis.

We arecurrentlyin the processof developingtools for automatingthe synthesistasks
for systemlevel designshown in theexplorationengine.Thetutorialpresentsautomatic
RTL synthesis.Thenext challengeis to automaticallyperformarchitectureandcommu-
nicationsynthesis.
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Chapter1. Introduction

1.5. Design Example: GSM Vocoder

Figure1-2.GSM Vocoder
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Theexampledesignusedthroughoutthis tutorial is theGSM Vocodersystem, which is
employedworldwidefor cellularphonenetworks.Figure1-2 shows theGSM Vocoder
speechsynthesismodel.A sequenceof pulsesis combinedwith the outputof a long
termpitch �lter . Togetherthey modelthebuzzproducedby theglottisandthey build the
excitation for the �nal speechsynthesis�lter , which in turn modelsthe throatandthe
mouthasa systemof losslesstubes.

Theexampleusedin this tutorial encodesspeechdatacomprisedof frames.Eachframe
in turncomprisesof 4 sub-frames.Overall,eachsub-framehas40sampleswhich trans-
late to 5 ms of speech.Thuseachframehas20 ms of speechand160 samples.Each
frameuses244 bits. The transcodingconstraint(ie. back to backencoder/decoder)is
lessthan10msfor the�rst sub-frameandlessthan20msfor thewholeframe(consist-
ing of 4 sub-frames).

Thevocoderstandard,publishedby theEuropeanTelecommunicationStandardsInsti-
tute (ETSI), containsa bit-exact referenceimplementationof the standardin ANSI C.
This referencecodewastakenasthe the basisfor developingthespeci�cationmodel.
At the lowest level, the algorithmsin C could be directly reusedin the leaf behaviors
without modi�cation. Then the C function hierarchywas convertedinto a cleanand
ef�cient hierarchicalspeci�cation by analyzingdependencies,exposingavailablepar-
allelism,etc.The �nal speci�cationmodel is composedof 9139lines of SpecCcode,
whichcontains73 leafbehaviors.
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Chapter1. Introduction

1.6. Organization of the Tutorial

Figure 1-3.Task �o w for systemdesignwith SCE

Specification

Analysis


Custom HW

generation


SW code

generation


System level

Design


SW Scheduling/

RTOS


Architecture

Exploration


Communication

Synthesis


untimed


timed


cycle

accurate


Thetasksin systemdesignwith SCEareorganizedasshown in �gure 1-3. Eachof the
tasksis explainedin aseparatechapterin this tutorial.We will startwith aspeci�cation
modelandshow how to get startedwith SCE.At this level, we will be working with
untimedfunctionalmodels.Following that,wewill look atsystemlevel explorationand
re�nements,wherethe involved modelswill have a quantitative notion of time. Once
we get a systemmodelwith well de�ned HW andSW componentsandthe interfaces
betweenthem,wewill proceedto generatecustomhardwareandprocessorspeci�c soft-
ware.These�nal stepswill producecycleaccuratemodels.

Eachdesigntaskis composedof severalstepslikemodelanalysis,browsing,generation
of new modelsandsimulation.Not all thesestepsarecrucial for the demoto proceed
smoothly. Somestepsaremarkedasoptionalandmaybeavoidedduring thecourseof
this tutorial. If the designeris suf�ciently comfortablewith the tool's result,he or she
canavoid thetypically optionalstepsof simulationandcodeviewing.

If the designer is booting from the CD-ROM, the setup is already prepared.
Otherwise,the designermay follow the following stepsto set up the demo. Start
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Chapter1. Introduction

with a new shell of your choice. If you are working with a c-shell, run "source
$SCE_INSTALLATION_PATH/bin/setup.csh".If you are working with bourneshell,
run "$SCE_INSTALLATION_PATH/bin/setup.sh".Now run"setup_demo"to setupthe
demonstrationin thecurrentdirectory. This will addsomenew �les to be usedduring
thedemo.

Acknowledgment:

Theauthorswould like to thankTsuneoKinoshitaof NASDA, Japanfor hispatiencein
goingthroughthetutorial andhelpingusmake it moreunderstandableandcomprehen-
sive.We would alsolike to thankYoshihisaKojima of theUniversityof Tokyo for his
helpin uncoveringseveralmistakesin thetutorial's text.
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Chapter 2. System Speci�cation Anal ysis

2.1. Overview

Figure2-1.Speci�cation analysisusingSCE
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The systemdesignprocessstartswith the speci�cation model written by the userto
specifythe desiredsystemfunctionality. It forms the input to the seriesof exploration
andre�nementstepsin theSoCdesignmethodology. Moreover, thespeci�cationmodel
de�nes thegranularityfor explorationthroughthesizeof theleaf behaviors. It exposes
all availableparallelismanduseshierarchyto grouprelatedfunctionality andmanage
complexity.

In this chapter, we go throughthestepsof creatinga projectin SCEandinitiating the
systemdesignprocessashighlightedin �gure 2-1. The variousaspectsof the speci-
�cation areobserved throughsimulationandpro�ling. Also, the model is graphically
viewedwith thehelpof SCEtools.
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Chapter2. SystemSpeci�cationAnalysis

2.2. Speci�cation Capture

The systemdesignprocessstartswith the speci�cation model written by the userto
specifythe desiredsystemfunctionality. It forms the input to the seriesof exploration
andre�nementstepsin theSoCdesignmethodology. Moreover, thespeci�cationmodel
de�nes thegranularityfor explorationthroughthesizeof theleaf behaviors. It exposes
all availableparallelismanduseshierarchyto grouprelatedfunctionality andmanage
complexity.

In this section,we go throughthestepsof creatinga projectin SCEandinitiating the
systemdesignprocess.The variousaspectsof the speci�cation are observed through
simulationandpro�ling. Also, the model is graphicallyviewed with the help of SCE
tools.

Themodelsthatwewill dealwith in thisphaseof systemdesignareuntimedfunctional
models.Thetasksof thesystemspeci�cation,referredto asbehaviors in our parlance,
follow acausalorderof execution.Themainideain this sectionis to introducetheuser
to theSCEGUI andto demonstratethecapabilityof graphicallyviewing thebehaviors
andtheirorganizationin thespeci�cationmodel.
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Chapter2. SystemSpeci�cationAnalysis

2.2.1. SCE windo w

To launchthe SCE GUI, simply run "sce" from the shell prompt.On launchingthe
System-on-ChipEnvironment(SCE),weseetheaboveGUI. TheGUI is dividedbroadly
into threeparts.Firstis the"projectmanagement"window onthetopleft partof theGUI,
which maintainsthe setof modelsin the openprojects.This window becomesactive
oncea project is openedand a designis addedto it. Secondly, we have the "design
management"window on thetop right wherethecurrentlyactive designis maintained.
It showsthehierarchytreefor thedesignandmaintainsvariousstatisticsassociatedwith
it. Finally, wehavethe"logging" window at thebottomof theGUI, whichkeepsthelog
of varioustoolsthatarerunduringthecourseof thedemo.Wekeeplogsof compilation,
simulation,analysisandre�nementof models.

TheGUI alsoconsistsof atool barandshortcutsfor menuitems.TheFile menuhandles
�le relatedserviceslike openingdesigns,importing modelsetc.The Edit menuis for
editing purposes.The View menuallows variousmethodsof graphicallyviewing the
design.TheProject menumanagesvariousprojects.TheSynthesis menuprovidesfor
launchingthevariousre�nementtoolsandmakingsynthesisdecisions.TheValidation
menuis primarily for compilingor simulatingmodels.

11



Chapter2. SystemSpeci�cationAnalysis

2.2.2. Open project

The �rst stepin working with SCEis openinga project.A project is associatedwith
every designprocesssinceeachdesignmight imposea different set of databasesor
dependencies.Theprojectis henceusedby thedesignerto customizetheenvironment
for aparticulardesignprocess.We begin by selectingProject �

� Open from themenu
bar.

12



Chapter2. SystemSpeci�cationAnalysis

2.2.2.1. Open project (cont' d)

A Open �le window popsup.For thepurposeof thedemo,aprojectis pre-created.We
simply openit by selectingtheproject"vocoder.sce"andleft click on Open buttonon
theright cornerof thethepop-upwindow.

13
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2.2.2.2. Open project (cont' d)

Sincewe needto ensurethatthepathsto dependenciesarecorrectlyset,we now check
thesettingsfor thisprecreated"vocoder.sce"projectby selectingProject �

� Settings...
from thetopmenubar.

14
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2.2.2.3. Open project (cont' d)

We now seethecompilersettingsshowing theimport pathfor themodel's librariesand
the '-v' (verbose)option. The Include path settinggives the pathwhich is searched
for header�les. The Import path is searchedfor �les importedinto the model.The
Library path is usedfor looking up the librariesusedduring compilation.Thereare
alsosettingsprovided for specifyingwhich libraries to link against,which macrosto
de�ne andwhich to unde�ne.Thesesettingsbasicallyform thecompilationcommand.
To checkthesimulatorsettings,left click on theSimulator tab.

15



Chapter2. SystemSpeci�cationAnalysis

2.2.2.4. Open project (cont' d)

We now see the simulator settings showing the simulation command for the
"vocoder.sce" project. Thereare settingsavailable to direct the output of the model
simulation.As canbeseen,thesimulationoutputmaybedirectedto a terminal,logged
to a �le or dumpedto an externalconsole.For the demo,we direct the outputof the
simulationto anxterm.Also notethatthesimulationcommandmaybespeci�ed in the
settings.This commandis invokedwhenthemodelis validatedaftercompilation.The
vocodersimulationprocesses163framesof speechandtheoutputis matchedagainsta
golden�le. PressOK to proceed.

16



Chapter2. SystemSpeci�cationAnalysis

2.2.3. Open speci�cation model

Westartwith thespeci�cationthatwasalreadycapturedasamodel.Weopenthismodel
to seeif it meetsthedesiredbehavior. Oncethemodelis validatedto be"golden",we
will startre�ning it andaddingimplementationdetailsto it. We openthespeci�cation
modelfor theVocoderexampleby selectingFile �

� Open from themenubar.
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2.2.3.1. Open speci�cation model (cont' d)

A �le Open window popsupshowing theSpecCinternalrepresentation(SIR)�les. The
internalrepresentation�les area collectionof datastructuresusedby the tools in the
environment.They uniquelyidentify a SpecCmodel.At this time however, thedesign
is availableonly in its sourceform. We thereforeneedto startwith thesources.Select
"SpecC�les (*.sc)" to view thesource�les.

18
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2.2.3.2. Open speci�cation model (cont' d)

The Open is updatedto show the availablesource�les of the GSM Vocoderdesign
speci�cation.Selectthe �le containingthetop hierarchyof themodel.In this case,the
�le is "testbench.sc".The testbenchinstantiatesthe design-under-test (DUT) and the
correspondingmodulesfor triggeringthetestvectorsandfor observingtheoutputs.To
openthis �le Left click on Open.

19
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2.2.3.3. Open speci�cation model (cont' d)

Note that a new window pops up in the design managementarea. It has two
sub-windows. The sub-window on the left shows the Vocoderdesignhierarchy. The
leaf behaviors are shown with a leaf icon next to them. For instance,we seetwo
leaf behaviors: "stimulus", which is usedto feed the test vectorsto the design,and
"monitor", which validatesthe response."coder" is the top behavior of the Vocoder
model. It can be seenfrom the icon besidesthe "coder" behavior that it is an FSM
composition. This means the Vocoder speci�cation is captured as a �nite state
machine.Also note in the logging window that the SoC designhas beencompiled
into an intermediateformat. Upon openinga source�le into the designwindow, it is
automaticallycompiledinto its uniqueinternalrepresentation�les (SIR) which in turn
is usedby thetoolsthatwork on themodel.

20
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2.2.3.4. Open speci�cation model (cont' d)

Themodelmaybebrowsedusingthedesignhierarchywindow. Parallelcompositionis
shown with ||shapediconsandsequentialcompositionwith ':' shapedicons.Onselect-
ing abehavior in thedesignhierarchywindow, wecanseethebehavior'scharacteristics
in theright sub-window. For instance,thebehavior "vad_lp"hasportsshown with yel-
low icons,variableswith grayiconsandsub-behaviorswith blueicons.

21
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2.2.3.5. Open speci�cation model (cont' d)

Beforemakingany synthesisdecisions,it is importantto understandthecompositionof
the speci�cationmodel.It is usefulbecausethe compositionreally tells us which fea-
turesof themodelmaybeexploitedto gainmaximumproductivity. Naturally, themost
intuitive way to understanda model's structureis througha graphicalrepresentation.
Sincesystemmodelsaretypically very complex, it is moreconvenientto have a hier-
archicalview which may be easilytraversed.SCEprovidesfor sucha mechanism.To
graphicallyview thehierarchy, from thedesignhierarchywindow, select"coder".Right
click andselectHierarchy. Notice that the menuprovidesfor a variety of serviceson
individualbehaviors.Weshallbeusingoneor moreof thesein duecourse.

22
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2.2.4. Browse speci�cation model

A new window popsupshowing theVocodermodelin graphicalform. As notedearlier,
thespeci�cationis anFSM at thetop level with threestatesof pre-processing,thebulk
of thecoderfunctionalityitself and�nally post-processing.

23
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2.2.4.1. Browse speci�cation model (cont' d)

At this stage,we would like to delve into greaterdetail of the speci�cation.To view
themodelgraphicallywith higherdetail,selectView �

� Add level. Performthisaction
twice to getamoredetailedview. As canbeseen,theView menuprovidesfeatureslike
displayingconnectivity of behaviors, modifying detail level andzoomingin andout to
getabetterview.
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2.2.4.2. Browse speci�cation model (cont' d)

Zoomout to getabetterview by selectingView �

� Zoom out
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2.2.4.3. Browse speci�cation model (cont' d)

Scroll down the window to seethe FSM and sequentialcompositionof the Vocoder
model.Note that the speci�cationmodelof the GSM Vocoderdoesnot containmuch
parallelism.Instead,many behaviorsaresequentiallyexecuted.Thisis dueto theseveral
datadependenciesin thecode.For our implementation,this is animportantobservation.
Sincethereis notmuchparallelismin thecodeto exploit, speedupcanbeachievedonly
by useof fastercomponents.Oneway to speedup is to usededicatedhardwareunits.

Exit thehierarchybrowserby selectingWindow �

� Close
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2.2.5. View speci�cation model sour ce code

We canalsoview thesourceof themodelsconvenientlyin SCE.For example,to check
thesourcefor behavior "coder",just click on therow in thehierarchyto selectit. Then
right click to bringup amenuandclick onSource.
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2.2.5.1. View speci�cation model sour ce code(cont' d)

The SpecC Editor pops up containing the sourcecode for the selectedbehavior.
Changesto the sourcecodecanbe madeusingthe editor. After reviewing the source
code,closetheeditorby selectingFile �

� Close from its menubar.
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2.3. Simulation and Anal ysis

Oncewehavecapturedthespeci�cationasa modelandbrowsedthroughits behavioral
hierarchyandconnectivity, we needto ensurethatour speci�cationis correct.We also
needto analyzeour speci�cationmodelto derive interestingobservationsaboutthena-
ture of the computation.The checkfor correctnessis doneby simulatingthe model.
Note that the model is purely functional,so the simulationrunsvery quickly. This is
alsoa goodtime to debug themodelfor functionalerrorsthatmight havecreptin while
writing it.

After themodelis veri�ed to befunctionallycorrect,we proceedto theanalysisphase.
For this, we needto pro�le the modelusing the pro�ling tool available in SCE.The
pro�le givesus useful informationlike the aboutof computation,its distribution over
the variousbehaviors in the model and its nature.This information is needto make
crucialarchitecturalchoicesaswewill seeasthedemoproceeds.
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2.3.1. Simulate speci�cation model

We mustnow proceedto validatethe speci�cation model.Rememberthat we have a
"golden" output for encodingof the 163 framesof speech.The speci�cation model
would meetits requirementsif we cansimulateit to producean exact matchwith the
goldenoutput.In practice,a morerigorousvalidationprocessis involved.However, for
the purposeof the tutorial, we will limit ourselves to onesimulationonly. Startwith
addingthecurrentdesignto our Vocoderprojectby selectingProject �

� Add Design
from themenubar.
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2.3.1.1. Simulate speci�cation model (cont' d)

Theprojectis now addedasseenin theprojectmanagementworkspaceontheleft in the
GUI.
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2.3.1.2. Simulate speci�cation model (cont' d)

We mustnow renametheprojectto have a suitablename.Rememberthatour method-
ology involved 4 modelsat different levels of abstraction.As thesenew modelsare
produced,we needto keeptrackof them.Right click on "testbench.sir"andselectRe-
name to renamethe designto "VocoderSpec".This indicatesthat the currentmodel
correspondsto thetopmostlevel of abstraction,namelythespeci�cationlevel.Notethat
the extension".sir" would be automaticallyappended.Also notethat a modelmay be
madeactivated,deleted,renamedandandits descriptionmodi�ed by right click on its
namein theprojectmanagementwindow.
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2.3.1.3. Simulate speci�cation model (cont' d)

After theprojectis renamedto "VocoderSpec.sir",we needto compileit to producean
executable.This maybedoneby selectingValidation �

� Compile from themenubar.
Notethat thevalidationmenualsoprovidesfor codeinstrumentationwhich is usedfor
pro�ling. Moreover, we have choicesfor simulatingthe model,openinga simulation
terminal,killing a runningsimulation,viewing the log, pro�ling, analyzingsimulation
results,modelevaluation,displayingmetricsandestimatesetc.All thesefeatureswill
beusedin duecourseof our systemdesignprocess.
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2.3.1.4. Simulate speci�cation model (cont' d)

Note that in the logging window we seethe compilationmessagesandan outputexe-
cutable"VocoderSpec"is created.
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2.3.1.5. Simulate speci�cation model (cont' d)

The next stepis to simulatethe modelto verify whetherit meetsour requirementsor
not.Thismaybedoneby selectingValidation �

� Simulate from themenubar.
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2.3.1.6. Simulate speci�cation model (cont' d)

Notethatanxtermpopsup showing thesimulationof theVocoderspeci�cationmodel
ona163framespeechsample.Thesimulationshould�nish correctlywhich is indicated
by theexit statusbeing'0'. It canbeseenthat163speechframeswerecorrectlysimu-
latedandtheresultingbit �le matchestheonegivenwith thevocoderstandard.It maybe
notedthateachframehasanencodingdelayof 0 ms.This is abecauseourspeci�cation
modelhasno notionof timing. As explainedin themethodology, thespeci�cationis a
purely functionalrepresentationof thedesignandis devoid of timing. For this reason,
all behaviors in themodelexecutein 0 time therebygiving anencodingdelayof 0 for
eachframe.PressRETURNto closethiswindow andproceedto thenext step.
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2.3.2. Pro�le speci�cation model

In orderto selecttheright architecturefor implementingthemodel,we mustbegin by
pro�ling thespeci�cationmodel.Pro�ling providesuswith usefuldataneededfor com-
parativeanalysisof variousmodulesin thedesign.It alsocountsthevariousmetricslike
numberof operations,classandtype of operation,dataexchangedbetweenbehaviors
etc.Thesestatisticsarecollectedduringsimulation.Pro�ling maybedoneby selecting
Validation �

� Pro�le from themenubar.
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2.3.2.1. Pro�le speci�cation model (cont' d)

The loggingwindow now shows the resultsof thepro�ling command.Note that there
is aseriesof stepsfor computingstatisticsfor individualmetricslikeoperations,traf�c,
storageetc. Oncethesestatisticsare computed,they are annotatedto the model and
displayedin thedesignwindow.
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2.3.2.2. Pro�le speci�cation model (cont' d)

It mayalsobenotedthat thedesignmanagementwindow now hasnew columnentries
that containthe pro�le data.Maximize this window andscroll to the right to seevari-
ousmetricsfor behaviorsselectedin thedesignhierarchy. Thecurrentscreenshotshows
Computation, Data, Connections andTraf�c for thetoplevel behavior "coder".Com-
putation essentiallymeansthe numberof operationsin eachof the behaviors. Data
refersto the amountof memoryrequiredby the behaviors. Connections indicatethe
presenceof inter-behavior channelsor connectionthroughvariables.Traf�c refersto the
actualamountof dataexchangedbetweenbehaviors.Themetricsmayalsobeobtained
for otherbehaviors in thedesignbesides"coder".
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2.3.3. Anal yze pro�ling results

Oncewe have the pro�ling results,we needa comparative analysisof the variousbe-
haviors to enablesuitablepartitioning.Herewe analyzethe six mostcomputationally
intensivebehaviorsnamely"lp_analysis","open_loop","closed_loop","codebook_cn",
"update"and "shift_signals."They may be multi-selectedin the designhierarchyby
pressingCNTRL key andleft clicking onthem.Theseparticularbehaviorswereselected
becausethesearethe major blocksin the behavior "coder_12k2",which in turn is the
centralblockof theentirecoder. Thustheselectedbehaviorsshow essentiallythemajor
part of the activity in the coder. We ignorethe pre-processingandthe post-processing
blocks,becausethey areof relatively lower importance.
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2.3.3.1. Anal yze pro�ling results (cont' d)

In order to selecta suitablearchitecturefor implementingthe system,we must per-
form not only an absolutebut also a comparative study of the computationrequire-
mentsof theselectedbehaviors. SCEprovidesfor graphicalview of pro�ling statistics
which maybeusedfor this purpose.After themulti-selection,we right click andselect
Graphs �

� Computation from themenubar.
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2.3.3.2. Anal yze pro�ling results (cont' d)

We now seea bar graphshowing the relative computationalintensity of the various
behaviors in theselectedbehaviors. Essentially, thegraphshows thenumberof opera-
tionson theY-axis for the individual behaviors on theX-axis. Doubleclick on thebar
for codebook_cnto view the distribution of its variousoperations.Note thatwe select
"codebook_cn"becauseit is thebehavior with themostcomputationalcomplexity.

Note that thebarsrepresentingthecomputationfor "codebook_cn"and"closed_loop"
havetwo sections.Thelowersectionis �lled with redcolorandtheuppersectionis par-
tially shaded.Eachspeechframeconsistsof four sub-framesandthebehaviors "code-
book_cn"and"closed_loop"areexecutedfor eachsubframein contrastto otherbehav-
iors in thegraph,whichareexecutedonce.Hencethe�lled sectionof thebarrepresents
computationfor eachexecutionof behavior andthecompletebar(includingtheshaded
section)representscomputationfor theentireframe.
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2.3.3.3. Anal yze pro�ling results (cont' d)

A new window popsup showing a pie chart.This pie chartshows the distribution of
variousoperationslikeALU, Control, MemoryAccess etc.Weareinterestedin seeing
thetypesof ALU operationfor this design.To do this doubleclick on theALU (green)
sectorof thepie chart.
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2.3.3.4. Anal yze pro�ling results (cont' d)

A new window popsupshowing anotherpie chart.Thispiechartshowsthedistribution
of ALU operations.It canbe seenthatall the operationsareinteger operations,which
is typical for signalprocessingapplicationlike theVocoder. Sinceall theoperationsare
integral, it doesnot make senseto have any �oating point units in the design.Instead,
we needa componentwith fastintegerarithmeticlike a DSP. To seethedistribution of
theseintegeroperations,againdoubleclick on thepiechart.
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2.3.3.5. Anal yze pro�ling results (cont' d)

A new window popsupshowing anotherpie chart.Thispiechartshowsthedistribution
of thetypeof integeroperations.Wecanseethatthemajorityof theoperationsis integer
arithmetic.To view thedistributionof thearithmeticoperationtypes,againdoubleclick
on thesectorfor "Int Arith".
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2.3.3.6. Anal yze pro�ling results (cont' d)

We cannow observe thedistributionof arithmeticoperationslike "multiplication", "ad-
dition", "increment","decrement",etc.on a new pie chart.Note that 3 quartersof the
operationsareadditionsor multiplications,thusit would be a goodideato have these
two operationsdirectly supportedby aspeci�c hardwareunit.

Thecombinationof visual aidslike bargraphsandpie chartsgivesa goodideaof the
natureof intendedsystem.Pleasecloseall thepop-upwindows to concludethespeci�-
cationanalysisphase.
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2.4. Summar y

In this chapterwe looked at how to startwith the systemspeci�cationandanalyzeits
characteristics.Wewerefamiliarizedwith theSCEgraphicaluserinterfaceandthepro-
�ling, analysisandsimulationtools.By meansof graphicaltools,we wereableto tra-
versethe hierarchyof the systemspeci�cation model.Graphicalrepresentationsalso
provideduswith informationonconnectivity betweenbehaviors in thedesign.Theuser
friendlinessof theserepresentationsallowsusto analyzeourdesignbetterwhichwould
otherwisebeverycumbersome.

Pro�ling andstatisticaldataaboutthespeci�cationmodelalsogivesusinterestinghints.
For instance,thenatureof computationin themodelshows us theappropriatecompo-
nentsto considerfor thesystemarchitecture.Similarly, piechartsandbargraphsfor the
distributionof computationshow usthecritical behaviorsandtheirnature.As wemove
forwardin thesystemdesignprocess,we will have to make designdecisionsat various
stagesandsuchstatisticalanalysiswill beof greatvalue.In future implementationson
the tool, theseanalysisresultsmay even be fed to automatictools to generateoptimal
systemarchitectures.

47



Chapter2. SystemSpeci�cationAnalysis

48



Chapter 3. System Level Design

3.1. Overview

Figure3-1.Systemlevel designphaseusingSCE
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Systemdesignis increasinglybeingperformedat higher levels of abstractionto deal
with a varietyof issues.In this chapter, we look at systemlevel designtaskswith SCE
ashighlightedin �gure 3-1. Firstly, we needto dealwith both HW andSW in a sin-
glemodel.Secondly, andmoreimportantly, complexity becomesunmanageable.In this
chapterwewill look at thesystemlevel designphaseasshown in theabove�gure. This
phasecomprisesof architectureexploration,serialization/RTOSinsertionandcommu-
nicationsynthesis.Architectureexplorationdealswith comingupwith asuitablesystem
architectureanddistributingthesystemtasksin thespeci�cationontothosecomponents.
Sinceeachcomponenthasa singlecontrol,we needto serializethetasksin eachcom-
ponent.Tasksthat aremappedto SW canbe dynamicallyscheduledon the processor
by insertinganRTOSmodel.Finally, we performcommunicationsynthesisto comeup
with a communicationarchitectureandre�ne thedatatransferandinterfacesto usethe
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communicationarchitecture.Thegoalof thisphaseis to comeup with amodelthatcan
serve asaninput to RTL synthesisfor HW componentsandSW generationfor proces-
sors.
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3.2. Architecture Exploration

Architectureexplorationis thedesignstepto �nd thesystemlevel architectureandmap
differentpartsof thespeci�cationto theallocatedsystemcomponentsunderdesigncon-
straints.It consistsof thetasksof selectingthetargetsetof components,mappingbehav-
iors to theselectedcomponentsandimplementingcorrectsynchronizationbetweenthe
components.Notethatthecomponentsthemselvesareindependententitiesthatexecute
in a parallelcomposition.In orderto maintainthe original semanticsof the speci�ca-
tion, thecomponentsneedto besynchronizedasnecessary. Architectureexplorationis
usuallyan iterative process,wheredifferentcandidatearchitecturesandmappingsare
experimentedto searchfor asatisfactorysolution.

As indicatedearlier, the timing constraintfor the Vocoderdesignis the real time re-
sponserequirement,i.e., the time to encodeanddecodethespeechshouldbe lessthan
the speechtime. The testspeechhasa 3.26secondsduration.Therefore,the �nal im-
plementationmustmeetthis time constraint.In this chapterwe seehow we arrive at
a suitablearchitecturewith keepingthis requirementin mind andusingthe re�nement
tool.
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3.2.1. Try pure software implementation

Thegoalof ourexplorationprocessis to implementthegivenfunctionalityonaminimal
costarchitectureandstill meetthetiming constraint.The�rst approachis to implement
everythingin softwaresothatwedonothavetheoverheadof addingextrahardwareand
associatedinterfaces.To accomplishthis, we �rst selecta processorout of our compo-
nentdatabase.Thereafter, wemaptheentirespeci�cationon to thisprocessor. Oncethe
mappingis done,weinvoketheanalysistool to seeif theprocessoraloneis suf�cient to
implementthesystem.
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3.2.1.1. Try pure software implementation (cont' d)

Beforewe move on, the top level behavior of thedesignneedsto be speci�ed.This is
necessarybecausethespeci�cationmodelmayhave sometestbenchbehaviors,which
arenot going to be includedin the �nal design.It may be recalledthat the projectwe
areworking with involvesnot only thedesign-under-test(DUT) but alsothebehaviors
that drive it. For example,the behaviors "Monitor" and "Stimilus" are just testbench
behaviors while thebehavior "Coder"representstherealdesign.To specify"Coder"as
thetop level behavior, right click on"Coder"to bringupadropboxmenuthenleft click
on Set As Top-Level.
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3.2.1.2. Try pure software implementation (cont' d)

As shown in the �gure, whenthe top level behavior "Coder" is speci�ed, thenamesof
all its child behaviorsareitalicizedto distinguishthemfrom thetestbenchbehaviors.In
general,any behavior which needsto betestedcanbesetastop level. So,in a generic
sense,thedesignundertestcanbeidenti�ed by theitalicizedfont.
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3.2.1.3. Try pure software implementation (cont' d)

We begin by exploring theavailablesetof componentsin thedatabase.This is required
to selecta suitableprocessor. To view all availablecomponentsandselectthe desired
processor, selectSynthesis �

� Allocate PEs... from themenubar.
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3.2.1.4. Try pure software implementation (cont' d)

Now a PE Allocation window popsup.Thiswindow includesa tableto displayimpor-
tant characteristicsof componentsselectedfor thedesign.In addition,it alsoprovides
a numberof buttons(on the right side) for useractions,suchasaddinga component,
removing a component,andsoon. Sincewe have not allocatedany componentat this
point, thetablehasnoentry.

To view the componentdatabaseand selectthe desiredcomponent,pressthe Add...
button.
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3.2.1.5. Try pure software implementation (cont' d)

Now a PE Selection window is broughtup.Theleft sideof thewindow (Categories)
lists � ve categoriesof componentsstoredin thedatabase.Theright sideof thewindow
displaysall componentswithin a speci�c category alongwith their characteristics.As
shown in theabove �gure, sincetheProcessor category is selectedon theleft side,15
commonlyusedprocessorcomponentsaredisplayedin detailon theright side.

The Componentdescriptionincludesfeatureslike maximumclock speed,measureof
the numberof instructionsper second,a costmetric, cachesizes,instructionanddata
widthsandsoon.Thesemetricsareusedfor selectingtheright component.Remember
thatthepro�ling datahasgivenusanideaof whatkind of componentwouldbesuitable
for theapplicationathand.
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3.2.1.6. Try pure software implementation (cont' d)

Now if wego to theMem category, anumberof memorycomponentswill bedisplayed
in detail on theright sideof thewindow. If thememoryin theprocessoris insuf�cient
for theapplication,wecanaddexternalmemorycomponentsfrom this table.
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3.2.1.7. Try pure software implementation (cont' d)

Now if we go to the Controller category, a numberof widely usedmicro-controller
componentswill bedisplayedin detailon theright sideof thewindow.
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3.2.1.8. Try pure software implementation (cont' d)

Throughearlierpro�ling andanalyzing,we foundout that integermultiplicationis the
mostsigni�cant operationsin the original speci�cation.Therefore,a �x ed-pointDSP
wouldbedesirablefor thisdesign.

UndertheDSP category, anumberof commerciallyavailableDSPsaredisplayed.These
DSPcomponentsaremaintainedaspartof thecomponentlibrary andmaybeimported
into the designuponrequirement.Sincethe Vocoderdesignprojectwassupportedby
Motorola,our �rst choiceis DSP56600from Motorola.

Left click the"Motorola_DSP56600"row to selectit. Thenclick OK buttonto con�rm
theselection.
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3.2.1.9. Try pure software implementation (cont' d)

Now the PE Selection window goesaway andthe PE Allocation tablehasonerow
thatcorrespondsto ourselectedcomponent,whichhasatypeof "Motorola_DSP56600".
This new componentwasnamedas"PE0" by default. To make it moredescriptive for
laterreference,it is desirableto renameit.

To renameit, just left click in theName columnof therow. Thecursorwill beblinking
to indicatedthatthetext �eld is readyfor editing.
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3.2.1.10. Try pure software implementation (cont' d)

We will simply namethe componentas"DSP" sinceit is the only componentusedin
thedesignat this instance.Proceedby typing "DSP" in thetext �eld andpressreturnto
completetheediting.ThenpresstheOK to �nish componentallocation.
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3.2.1.11. Try pure software implementation (cont' d)

As mentionedearlier, we will mapthe whole designto the selectedprocessor. This is
doneby assignthetop level behavior "Coder"to "DSP".Left click in thePE columnin
the row for the "Coder"behavior. A dropbox containingallocatedcomponentscomes
up.Left click on"DSP" to mapbehavior "Coder"to "DSP".

It shouldbe notedthat any kind of mappingis allowed.However, sincewe areinves-
tigatinga purelysoftwareimplementation,everythingin thedesigngetsmappedto the
"DSP".
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3.2.1.12. Try pure software implementation (cont' d)

As we canseenow, thedescendantbehaviors areall highlightedin redto indicatedthat
they aremappedto the"DSP"component.
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3.2.2. Estimate perf ormance

Thenext stepis to analyzetheperformanceof this architecture.Recallthatwe have a
timing constraintto meet.Wemustthereforecheckif apurelysoftwareimplementation
would still suf�ce. If not,we will try someotherarchitecture.Now we canestimatethe
performanceof this puresoftwaremappingby selectingValidation �

� Evaluate from
themenubar.
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3.2.2.1. Estimate perf ormance (cont' d)

As wecanseein theloggingwindow, a re-targetedpro�ling is beingperformed.Notice
in thelog informationthatraw statisticgeneratedduringpro�ling areusedhere.Theraw
statisticsaretake asaninput to theanalysistool thatgeneratesstatisticsfor thecurrent
architecture.Since,we know theparametersof theDSP, theanalysistool canprovide a
moreaccuratemeasureof actualtiming.Whenthatis done,thepro�led datais displayed
in thedesignwindow with the"DSP"tab. Noticethatthis tabhasappearedat thebottom
of thedesigndata.Thetotalcomputationtimeis shown in termsof numberof DSPclock
cycles.
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3.2.2.2. Estimate perf ormance (cont' d)

Thenumberof computationcyclesis arelevantmetricfor observation.However, it must
beconvertedto anabsolutemeasureof timesothatwe maydirectly verify if this archi-
tecturemeetsthedemands.To �nd out therealexecutiontime in termsof seconds,we
turnon theoptionfor estimationby selectingValidation �

� Show Estimates from the
menubar.
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3.2.2.3. Estimate perf ormance (cont' d)

As seenin thedesignwindow, thecomputationtime is in unit of "us". As we canseein
therow of behavior "Coder",theestimatedexecutiontime (~ 4.00seconds)exceedsthe
timing constraintof 3.26seconds.
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3.2.2.4. Estimate perf ormance (cont' d)

We can also view the designquality metricssuchas the executiontime by selecting
View �

� Quality Metrics from themenubar.
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3.2.2.5. Estimate perf ormance (cont' d)

A Design Quality Metrics tablepopsup, showing that the estimatedexecutiontime
to be 4.02 seconds,which exceedsthe timing constraintof 3.26 seconds.Therefore,
the pure software solution with a single "Motorola_DSP56600"doesnot work. We,
therefore,needto experimentwith otherarchitectures.To proceed,click OK to closethe
Design Quality Metrics table.
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3.2.3. Try software/har dware implementation

Fromwhatwe observedwhile studyingthevocoderspeci�cation,thedesignis mostly
sequential.Thereis notmuchparallelismto exploit. Whatweneedto reducetheexecu-
tion time is a muchfastercomponentthantheDSPwe used.Someof thecritical time
consumingtasksmaybemappedto a fasthardware.In this iteration,we will try to add
onehardwarecomponentalongwith theDSPto implementthedesign.As wefoundout
earlier, oneof thecomputationallyintensiveandcritical partin theVocoderis theCode-
bookbehavior. We hopeto speedit up by mappingit to a customhardwarecomponent
andexecutetheremainingbehaviors on theDSP.
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3.2.3.1. Try software/har dware implementation (cont' d)

As wedid earlier, while selectingtheprocessor, goto Synthesis �

� Allocate PEs... on
themenubar.
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3.2.3.2. Try software/har dware implementation (cont' d)

This time, the PE Allocation tablepopsup. As we cansee,the previously allocated
"DSP" componentis displayed.To insertthehardwarecomponent,pressAdd... button
to go to componentdatabase.
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3.2.3.3. Try software/har dware implementation (cont' d)

In the Custom Hardware category, two generaltypesof hardware componentsare
displayed.Herewe will usethestandardhardwaredesignwith a datapathanda control
unit. Selectthe"HW_Standard"andpressOK to con�rm theselection.
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3.2.3.4. Try software/har dware implementation (cont' d)

Now the"HW_Standard"componentis addedto thePE Allocation table.In thesame
way we did for the "DSP" component,we simply renameit to "HW" to distinguishit.
Notice that for the hardware component,somemetricsare �e xible. For instance,the
clock periodmaybechanged.However, we staywith thecurrentspeedof 100Mhz for
demopurpose.
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3.2.3.5. Try software/har dware implementation (cont' d)

After we renamedit, pressOK buttonto completecomponentallocation.
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3.2.3.6. Try software/har dware implementation (cont' d)

Rememberwehavealreadyspeci�edthetop level behavior andmappedall behaviors to
"DSP"in the�rst iteration.Thatinformationis still thereandwedonothaveto specifyit
again.Weonly needto mapbehavior "Codebook"to the"HW" component,assuggested
earlier.

Browsethehierarchytreeto locatebehavior "Codebook".Click on "Codebook"in the
PE column.Click on "HW" in thedropbox to map"Codebook"to "HW". This would
maptheentiresubtreeof behaviors under"Codebook"to customhardware.
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3.2.3.7. Try software/har dware implementation (cont' d)

After themapping,we will seethesubtreerootedat "Codebook"is highlightedin blue
in contrastto therestbehaviors in redthataremappedto "DSP".
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3.2.4. Estimate perf ormance

It mayberecalledthatweabandonedthepuresoftwareimplementationbecauseit failed
on meetingthetiming constraint.It is now time for us to verify if thetiming is metby
usingthecombinedsoftware/hardwaredesign.To evaluatethis softwareandhardware
implementation,go to Validation �

� Evaluate on themenubar.
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3.2.4.1. Estimate perf ormance (cont' d)

As we canseein theloggingwindow, a pro�ling re-targetedat theDSPandHW archi-
tectureis beingperformed.Whenit �nishes, thepro�led datais presentedin thedesign
window. In orderto �nd out theexecutiontime of theCoder, selectCoderbehavior in
thehierarchytree.By clicking ontheDSP tabof theview-pane,informationof theDSP
partof "Coder"behavior is displayed.For example,theexecutiontime of thesoftware
partonDSPis around2.68seconds.
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3.2.4.2. Estimate perf ormance (cont' d)

To �nd out the informationon hardwareside,click theHW tab. Theview-paneshows
that the executionof hardware part, behavior "Codebook",takes0.54 seconds.Since
"Codebook"was executedin sequentialcompositionwith the rest of the design,the
latency of thedesignis thesumof DSPandHW executiontime, which is 3.22(2.68+
0.54)seconds.Recallthatthetiming requirementis to belessthan3.26secondsfor the
givenspeechdata.Therefore,thecurrentarchitectureandmappingareacceptable.
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3.2.4.3. Estimate perf ormance (cont' d)

Likewedid earlier, wecanalsoview theexecutiontime in theDesign Quality Metrics
table.To do so,selectView �

� Quality Metrics from themenubar.
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3.2.4.4. Estimate perf ormance (cont' d)

As shown in the�gure, theDesign Quality Metrics tableincludinganumberof design
quality metricsis displayed.It con�rms that the total executiontime is 3.22 seconds,
sameaswhatwe �gured outearlier. After reviewing thequalitymetrics,click on OK to
closethetable.
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3.2.5. Generate architecture model

Now wecanre�ne thespeci�cationmodelinto anarchitecturemodel,whichwill exactly
re�ect thethis architectureandmappingdecisions.Thiscanbedoneeithermanuallyor
automatically. As we mentionedearlier, an architecturere�nement tool is integrated
in SCE.To invoke thetool, go to Synthesis �

� Architecture Re�nement... . Thetool
changesthemodelto re�ect thepartitionwecreatedandalsointroducessynchronization
betweenthe parallely executingcomponents.Note that we have not decidedto map
variablesexplicitly to components.For demopurposes,wewill leavethisdecisionto be
madeautomaticallyby there�nementtool. However, it needsto bementionedthat the
designermaychooseto mapvariablesin thedesignasdeemedsuitable.
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3.2.5.1. Generate architecture model (cont' d)

A dialogbox popsup for selectingspeci�c re�nementtasksof architecturere�nement.
By default,all taskswill beperformedin onego.Now presstheStart buttonto startthe
re�nement.It mustbenotedthattheuserhasanoptionto dothearchitecturere�nements
onestepat a time. For instance,a designermaywant to stopat behavior re�nement if
heis notprimarily concernedaboutobservingthememoryrequirementsor theschedule
oneachcomponent.Nevertheless,in ourdemoweperformall stepsto generatethe�nal
architecturemodel.
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3.2.5.2. Generate architecture model (cont' d)

As displayedin the logging window, the architecturere�nement is being performed.
After there�nement,thenewly generatedarchitecturemodel"VocoderSpec.arch.sir"is
displayedto thedesignwindow. It is alsoaddedto thecurrentprojectwindow, underthe
speci�cation model "VocoderSpec.sir"to indicatethat it wasderived from "Vocoder-
Spec.sir".Pleasenotethat,while thearchitecturere�nementonly tooka few secondsto
generate,awholenew modelhasbeencreated.
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3.2.6. Browse architecture model

In this sectionwewill look at thearchitecturemodelto seesomeof its characteristics.

Sincethetop level behavior is "Coder",thetestbenchbehaviorsarenotchangedduring
architecturere�nement.Thereforelet's select"Coder"by clicking in thecorresponding
row in thedesignwindow. Wewouldlike to seehow thedesignlookswhenit is mapped
to the selectedarchitecture.To view the hierarchyof the new "Coder"behavior, go to
View �

� Hierarchy....
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3.2.6.1. Browse architecture model (cont' d)

A window popsup,showing all sub-behaviors of the"Coder"behavior. As we cansee,
this new top level behavior Coderin the architecturemodel is composedof two new
behaviors, "DSP" and"HW", which wereconstructedandinsertedduringarchitecture
re�nement.Thesebehaviorsat thetop level indicatethepresenceof two componentsse-
lectedin thearchitecture.Notethatthey arealsocomposedin parallel,whichrepresents
theactualsemanticsof thearchitecturemodel.
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3.2.6.2. Browse architecture model (cont' d)

We would now like to seehow the "DSP" and "HW" behaviors are communicating.
This will verify if the re�nement process was correctly executed. Go to
View �

� Connectivity to see the connectivity betweenthe "DSP" and the "HW"
components.
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3.2.6.3. Browse architecture model (cont' d)

Enlarge the new window and scroll down to view the connectivity of the two com-
ponents.We canseethat "DSP" and"HW" componentsareconnectedthroughglobal
variablechannels,which wereinsertedduring the architecturere�nement.This is dif-
ferentfrom theoriginal speci�cationmodel,whereonly globalvariableswereusedfor
communication.

After checkingthe new architecturemodel,we canclosethe pop up window andgo
backto thedesignwindow by selectingWindow �

� Close from themenubar.
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3.2.6.4. Rename architecture model

Likewhatwedid for thespeci�cationmodel,wealsochangethenameof thenew model
to be"VocoderArch.sir"in theprojectwindow. Therenamingis just for thepurposeof
maintaininganomenclatureschemaandto correctlyidentify theindividualmodels.
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3.2.7. Simulate architecture model (optional)

This sectionshows thesimulationof thegeneratedarchitecturemodel.If the readeris
not interested,sheor he canskip this sectionandgo directly to Section3.3 Software
SchedulingandRTOSModelInsertion(page95).

So far we have graphically visualizedthe automaticallygeneratedarchitecture.We
have seenthat in termsof its structuralcomposition,the model meetsthe semantics
of an architecturelevel model in our SoC methodology. However, we also needto
con�rm thatthemodelhasnot lost any of its functionalityin there�nementprocess.In
other words the new model must be functionally equivalent to the speci�cation. We
will validatethe architecturemodel throughsimulation.But �rst we needto compile
the model into an executable.To compilethe architecturemodel to executable,select
Validation �

� Compile from themenubar.
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3.2.7.1. Simulate architecture model (optional) (cont' d)

The messagesin the logging window show that the architecturemodel is compiled
successfullywithout any syntaxerror. Now in order to verify that it is functionally
equivalent to the speci�cation model, we will simulate the compiled architecture
modelon the samesetof speechdatausedin the speci�cationvalidationby selecting
Validation �

� Simulate from themenubar.
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3.2.7.2. Simulate architecture model (optional) (cont' d)

Thesimulationrun is displayedin a new terminalwindow. As we cansee,thearchitec-
turemodelwassimulatedsuccessfullyfor all 163framesspeechdata.Theresultbit �le
is alsocomparedwith theexpectedgoldenoutputgivenwith theVocoderstandard.We
have thusveri�ed thatthegeneratedarchitecturemodelis functionallycorrect.In addi-
tion, the simulationof the architecturemodelshows that the processingtime for each
frameis 16.35ms,whichwasnotavailablewhensimulatingthespeci�cationmodel.

It mustbenotedasbeforethatthetestingprocessrequiresfairly intensiveexecution,but
for thedemopurposeswewill omit multiplesimulationsandjustshow theconcept.This
concludesthestepof architectureexploration.
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3.3. Software Scheduling and RTOS Model Inser tion

Thenext stepin thesystemleveldesignprocessis theserializationof behavior execution
on theprocessingelements.Processingelements(PEs)have a singlethreadof control
only. Therefore,behaviors mappedto the samePE canonly executesequentiallyand
have to bescheduled.SoftwareschedulingandRTOSmodelinsertionis thedesignstep
to schedulethebehaviors insideeachPE.

Dependingonthenatureof thePEandthedatainter-dependencies,behaviorsaresched-
uledstaticallyor dynamically. In astaticschedulingapproach,behaviorsareexecutedin
a �x edandpredeterminedorder, possibly�attening partsof thebehavioral hierarchy. In
a dynamicschedulingapproachon theotherhand,theorderof executionis determined
dynamicallyduring runtime.Behaviors arearrangedinto potentiallyconcurrenttasks.
Insideeachtask,behaviorsareexecutedsequentially. A RTOSmodelis insertedinto the
design.The RTOS modelmaintainsa pool of taskbehaviors anddynamicallyselects
a taskto executeaccordingto its schedulingalgorithm.In this chapterwe seehow we
makeschedulingdecisionsusingSCE.
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3.3.1. Serializ e behavior s

To startbehavior scheduling,selectSynthesis �

� Schedule behaviors from themenu
bar.
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3.3.1.1. Schedule software

A Scheduling window will popup. This window includesschedulingoptionsfor two
PEs(DSPandHW). We begin by selectingtheschedulingalgorithmfor thesoftware.
We cando eitherstaticschedulingor dynamicschedulingfor the software.In caseof
dynamicscheduling,a RTOS modelcorrespondingto the selectedschedulingstrategy
is importedfrom the library andinstantiatedin the PE.The RTOS modelprovidesan
abstractionof the key featuresthat de�ne a dynamicschedulingbehavior independent
of any speci�c RTOS implementation.SCEprovidestwo RTOS modelswith different
dynamicschedulingalgorithms:round-robinandpriority based.
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3.3.1.2. Schedule software (cont' d)

Behavior schedulingis doneby convertingall concurrentSpecC"par" or "pipe" state-
mentsinto sequentialstatements.This conversionis achievedby performingthe "seri-
alize"operationson theintendedbehaviors.For example,assumethatbehavior "A" is a
"par" compositionof behavior "B" and"C". With a "serialize"operation,behavior "A"
will be changedto a sequentialexecutionof "B" and"C" by default. Anotherkind of
operations,"�atten" areoftenperformedduringbehavior schedulingto changethebe-
havior hierarchy. Continuingwith ourexample,if behavior "B" itself is composedof "D"
and"E" in parallel,a "�atten" operationon"B" removes"B" from "A" while promoting
its sub-behaviors,"D" and"E" onelevel up.As theresult,behavior "A" becomesa"par"
compositionof "D", "E" and"C". Note that the hierarchyrelationamongbehaviors is
mostconvenientlyrepresentedasa tree,operations"serializetree"and"�atten tree"are
alsoprovidedby SCEto serializeor �atten behaviors of a subtreerecursively.

In our design,for example,to serializethe sub-behaviors of behavior "seq1", in the
designhierarchytree,selectbehavior "seq1".Right click to bring up a menuwindow
andselectSerialize Tree from themenu.
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3.3.1.3. Schedule software (cont' d)

Now thatthetwo parallelchild behaviors of behavior "seq1":behavior "�nd_az_1" and
behavior "�nd_az_2" areconvertedinto two sequentialbehaviors. We canseethatbe-
havior "�nd_az_1" is executedbeforebehavior "�nd_az_2". Thisexecutionorderis cre-
atedby thetool. Thedesignercanmodify theexecutionorder.
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3.3.1.4. Schedule software (cont' d)

Selectbehavior "�nd_az_2". Left click andmove behavior "�nd_az_2" beforebehav-
ior "�nd_az_1". Now behavior "�nd_az_2" is executedbefore"�nd_az_1". In general,
the designercanspecifyany "par" or "pipe" statementsto be scheduledandmanually
specifytheexecutionorderof any parallelbehaviors in thesamelevel. The remaining
parallelbehaviorscaneitherbedynamicallyscheduledby theRTOSmodelor statically
serializedby thetool.

Sincewewantthetool to scheduleall thebehaviorsautomatically, werestoretheexecu-
tion ordercreatedby thetool.Selectbehavior "�nd_az_1".Left click andmovebehavior
"�nd_az_1" beforebehavior "�nd_az_2".

100



Chapter3. SystemLevel Design

3.3.1.5. Schedule software (cont' d)

For ourexample,sincetherearenotmany parallelbehaviorsin DSP, westaticallysched-
ule thebehaviors in DSP. In thedynamicschedulingbox,click andselectNone.

Also, we will leave thedecisionof behavior executionorderto bemadeautomatically
by the tool. In thedesignhierarchytree,selectbehavior "Motorola_DSP56600".Right
click andselectSerialize Tree.
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3.3.1.6. Schedule software (cont' d)

As shown in the �gure, all the child behaviors of behavior "Motorola_DSP56600"are
serialized.Behaviors thataremodi�ed asa resultof serializationaremarkedwith a "*"
symbolnext to them.
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3.3.1.7. Serializ e behavior s in HW

Thenext stepis to serializebehaviors in HW. Sincecustomhardwarecanonly bestati-
cally scheduled,thedynamicschedulingboxis disabledfor HW. Click andselectHW in
theScheduling window. In thedesignhierarchytree,selectbehavior "HW_Standard".
Rightclick andselectSerialize Tree.
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3.3.1.8. Serializ e behavior s in HW (cont' d)

Asshownin the�gure, all thechildbehaviorsof behavior "HW_Standard"areserialized.
Click OK buttonto con�rm theschedulingdecision.
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3.3.2. Generate serializ ed model

Oncetheschedulingdecisionshave beenmade,we canre�ne thearchitecturemodelto
re�ect thechanges.A softwareschedulingandRTOSmodelinsertiontool is integrated
in SCE.Thetool will generatethemodelto re�ect theschedulingalgorithmweselected.
In caseof dynamicscheduling,a RTOSmodelis insertedinto thedesignandbehaviors
areconvertedinto taskswith assignedpriorities. To invoke the tool, go to Synthesis
menuandselectScheduling Re�nement .
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3.3.2.1. Re�ne after serialization

A dialogboxpopsupfor selectingspeci�c re�nementtasks.By default,all taskswill be
performedin onego.PresstheStart buttonto startthere�nement.

It mustbenotedthattheuserhasanoptionto dothere�nementtasksonestepata time.
For instance,a designermayselectonly staticschedulingif heor sheis not concerned
aboutobservingthedynamicschedulingbehavior on thecomponent.
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3.3.2.2. Re�ne after serialization (cont' d)

Theloggingwindow showsthere�nementprocess.After there�nement,thenewly gen-
eratedserializedmodel"VocoderArch.sched.sir"is displayedto the designwindow. It
is also addedto the currentproject window, underthe architecturemodel "Vocoder-
Arch.sir" to indicatethatit wasderivedfrom "VocoderArch.sir".
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3.3.2.3. Re�ne after serialization (cont' d)

As wedid for previousmodels,wechangethenameof theserializedarchitecturemodel
to "VocoderSched.sir"in theprojectwindow.
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3.3.3. Simulate serializ ed model (optional)

Thissectionshowsthesimulationof thegeneratedmodel.If thereaderis not interested,
sheor hecanskip this sectionandgo directly to Section3.4 CommunicationSynthesis
(page112).

Serializationre�nementis now completewith thegenerationof anew model.However,
we alsoneedto con�rm that the modelhasnot lost any of its functionality in the re-
�nement process.In otherwordsthenew modelmustbefunctionallyequivalentto the
architecturemodel.

We will validatetheserializedarchitecturemodelthroughsimulation.But �rst we need
to compilethemodelinto anexecutable.To compiletheserializedarchitecturemodelto
executable,go to Validation menuandselectCompile.
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3.3.3.1. Simulate serializ ed model (optional) (cont' d)

Themessagesin theloggingwindow shows thatthere�ned modelis compiledsuccess-
fully without any errors.Now in orderto verify that it is functionallyequivalentto the
architecturemodel,wewill simulatethecompiledmodelon thesamesetof speechdata
usedin thespeci�cationvalidation.Go to Validation menuandselectSimulate.
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3.3.3.2. Simulate serializ ed model (optional) (cont' d)

Thesimulationrun is displayedin anew terminalwindow. As wecansee,theserialized
architecturemodelwassimulatedsuccessfullyfor all 163 framesof speechdata.The
resultbit �le is alsocomparedwith theexpectedgoldenoutputgivenwith theVocoder
standard.We have thusveri�ed thatthegeneratedre�ned modelis functionallycorrect.
Notethattheexecutiontime for eachframenow becomes19.77ms.Recallthattheex-
ecutiontime was16.35msfor eachframebeforethesoftwareschedulingis performed.
Theincreaseof executiontimeis reasonablesincetheconcurrency in thepreviousmodel
is removedby thesoftwarescheduling.
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3.4. Comm unication Synthesis

Communicationsynthesisis thesecondpartof thesystemlevel synthesisprocess.It re-
�nes theabstractcommunicationbetweencomponentsin thearchitecturemodel.Specif-
ically, thecommunicationwith variablechannelsis re�ned into anactualimplementa-
tion overwiresof thesystembus.Thestepsinvolvedin thisprocessareasfollows.

Webegin with allocationof systembusesandselectionof busprotocols.A setof system
busesis selectedout of the bus library and the connectivity of the componentswith
systembusesis de�ned. In otherwords,wedetermineabusarchitecturefor ourdesign.

This is followedby groupingof abstractvariablechannels.Thecommunicationbetween
systemcomponentshasto be implementedwith bussesinsteadof variablechannels.
Thusthesechannelsaregroupedandassignedto the chosensystembusses.Oncethis
is done,theautomaticre�nementtool producestherequiredbusdriversfor eachcom-
ponent.It alsodividesvariablesinto sliceswhosesizeis thesameaswidth of thedata
bus.Thereforethateachslicecanbesentor receivedusingthebusprotocol.Theentire
variableis sentor receivedusingmultiple transfersof theseslices.
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3.4.1. Select bus protocols

As explainedearlier, we begin by selectinga suitablebus for our system.Note that in
the presenceof only two components,onebus would suf�ce. However, in generalthe
usermay selectmultiple busesif the needarises.Bus allocationis doneby selecting
Synthesis �

� Allocate Busses from themenubar.
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3.4.1.1. Select bus protocols (cont' d)

A Bus Allocation window popsup showing thebusallocationtable.Sincethereareno
bussesselectedatthetime,thistableis empty. Wenow click onAdd to addbus(es)from
theprotocoldatabase.
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3.4.1.2. Select bus protocols (cont' d)

A Bus Selection window popsup showing thecontentsof theprotocoldatabase.The
columnon theleft shows thethreecategoriesof protocols.During componentselection
for architectureexploration,we hada classi�cationof components.Likewise,theclas-
si�cation hereshowsustheavailabletypesof busses.Onselectingaparticularcategory
with left click, thebussesunderthatcategoryaredisplayed.For ourdemopurposes,we
selecttheProcessorbus"Motorola_DSP56600_PortA"andclick OK.

Notethatthearchitecturechosenfor thedesignhasanimpactontheselectionof busses.
More often that not, the primary componentin the designdictatesthe bus selection
process.In this case,we have a DSP with an associatedbus. It makes sensefor the
designerto selectthatbusto avoid going throughtheoverheadof generatinga custom
busadapter.
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3.4.1.3. Select bus protocols (cont' d)

Theselectionis now displayedin thebusallocationtableasshown in thescreenshot.
A default nameof "Bus0" is given to identify this systembus. In orderto includethis
bus in the design,we needto specifywhich componentis going to be the masteron
the bus. This is doneby Left click underMasters column.Sincethis bus is for the
Motorola56600processorthatwe have chosen,themasteris theprocessor. Recallthat
thenamegivento theprocessorcomponentwas"DSP." We thusenterthename"DSP"
underMasters columnandpressRETURN.
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3.4.1.4. Select bus protocols (cont' d)

Thebusselectionis now completeandwecan�nish off with theallocationphaseby left
clicking onOK.
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3.4.2. Map channels to buses

Oncethebusallocationhasbeendone,weneedto groupthechannelsof thearchitecture
modelandassignthemto thesystembuses.Recallthatin thearchitecturemodel,wehad
communicationbetweencomponentswith abstractvariablechannels.We now have to
assignthosevariablechannelsto thesystembus.

Expandthedesignhierarchywindow andscroll to theright to �nd a new columnentry
Bus.
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3.4.2.1. Map channels to buses (cont' d)

Like componentmapping,busmappingmaybedoneby assigningvariablechannelsto
buses.However, to speedthings,we mayassignthetop level componentto our system
bus.Sincewe have only onesystembus,all thechannelswill bemappedto it. This is
doneby left clicking in therow for the"Coder"behavior underthebuscolumn.Select
thedefault "Bus0"andpressRETURN.
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3.4.3. Generate comm unication model

Now thatwehavecompletedbusallocationandmapping,wemayproceedwith commu-
nicationre�nement.Like architecturere�nement,this processautomaticallygenerates
a new model that re�ects our desiredbus architecture.To invoke the communication
re�nementtool, selectSynthesis �

� Communication Re�nement from themenubar.
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3.4.3.1. Generate comm unication model (cont' d)

A new window popsup giving the user the option to perform variousstagesof the
re�nement.Theusermaychooseto partially re�ne themodelwithoutactuallyinserting
thebus,andonly selectingthechannelre�nementphase.This way, hecanplay around
with different channelpartitions.Likewise, the usermight want to play aroundwith
differentbus protocolswhile avoiding "Inlining" theminto components.This way he
can plug and play with differentprotocolsbeforegeneratingthe �nal inlined model.
By default all thestagesareperformedto producethe�nal communicationre�nement.
Sincewe have only onebus,andhencea default mapping,we opt for all threestages
andleft click on Start to proceed.
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3.4.3.2. Generate comm unication model (cont' d)

During communicationre�nement,notethevarioustasksbeingperformedby the tool
in the loggingwindow. Thetool readsin channelpartitions,groupsthemtogether, im-
portsselectedbussesandtheir protocols,implementsvariablechannelcommunication
on bussesand�nally inlinesthebusdriversinto respective components.Oncecommu-
nicationre�nementhas�nished, a new modelis addedin theprojectmanagerwindow.
It is named"VocoderArch.comm.sir".Also notethatwehaveanew designmanagement
window on theright sidein theGUI.
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3.4.3.3. Generate comm unication model (cont' d)

Wenow needto giveournewly createdcommunicationmodelareasonablename.To do
this, right click on "VocoderArch.comm.sir"in theprojectmanagerwindow andselect
Rename from thepop-upmenu.Now renamethemodelto "VocoderComm.sir".
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3.4.4. Browse comm unication model

Likewedid afterarchitecturere�nement,webrowsethroughthecommunicationmodel
generatedby there�nementtool. We have to �rst checkwhetherit is semanticallyand
structurallyrepresentinga modelasdescribedin our SoCmethodology. To observe the
model transformationsproducedby communicationre�nement, we needa graphical
view of themodel.This is doneby left clicking to choosethe"Coder"behavior in the
designhierarchywindow andselectingView �

� Hierarchy from themenubar.

124



Chapter3. SystemLevel Design

3.4.4.1. Browse comm unication model (cont' d)

A new window popsup showing the modelwith DSPandHW components.We have
to observe thebuscontrollersgeneratedduringre�nementandtheaddeddetailsto the
model.Hence,we selectView �

� Add level from themenubarto view themodelwith
greaterdetail.
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3.4.4.2. Browse comm unication model (cont' d)

In thenext level of detail,we cannow seethe interrupthandler"s0_HW_handler"be-
havior addedin the masterto serve interruptsfrom the HW slave. To view the actual
wire connectionsof thesystembus,enlargewindow andselectView �

� Connectivity
from themenubar.
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3.4.4.3. Browse comm unication model (cont' d)

The wire level detail of the connectionbetweencomponentscan now be seenin the
window. Notethatthesystembuswiresaredistinguishedby greenboxes.Hencewesee
that the bus is introducedin the designand the individual componentsareconnected
with the bus insteadof the abstractvariablechannels.On observingthe hierarchical
view further, wecanseethedriversin eachcomponents.Thesedriverstake theoriginal
variablesandimplementthehigh-level send/receivemethodsusingthebusprotocol.

We have thusseenthat thestructureof communicationmodelfollows thesemanticsof
the modelexplainedin our methodology. We may completethe browsing sessionby
selectingWindow �

� Close from themenubar.
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3.4.5. Simulate comm unication model (optional)

This sectionshows thesimulationof thegeneratedcommunicationmodel.If thereader
is not interested,sheor hecanskip this sectionandgo directly to Section3.5Summary
(page131).

As a directanalogyto thevalidationof thearchitecturemodel,we have a stepfor val-
idating the communicationmodel.The newly generatedmodelhasalreadybeenver-
i�ed to adhereto our notion of a typical communicationmodel.We mustnow verify
that the communicationmodel generatedafter the re�nement processis functionally
corrector not. Toward this end,the model is �rst compiled.This is doneby selecting
Validation �

� Compile from themenubar.
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3.4.5.1. Simulate comm unication model (optional) (cont' d)

Themodelshouldcompilewithout errorsandthis maybeobservedin theloggingwin-
dow. Oncethemodelhassuccessfullycompiled,wemustproceedto simulateit. This is
doneby selectingValidation �

� Simulate from themenubar.
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3.4.5.2. Simulate comm unication model (optional) (cont' d)

An xtermnow popsupshowing thesimulationin progress.Notethatsimulationis con-
siderablyslower for thecommunicationmodelthanfor thearchitectureandcommuni-
cationmodel.This is becauseof thegreaterdetailandstructureaddedduringthere�ne-
mentprocess.Also, it may be notedthat the executiontime for encodingeachframe
goesup to 19.89msfrom 19.77ms,whichwehadfor themodelbeforecommunication
synthesis.This is becausecommunicationsynthesisreplacedtheabstractuntimedtrans-
actionswith detailed,timed bus protocols,which introducesnon-zerocommunication
delay. However, theexecutiontime is still well within the20msconstraintfor encoding
eachframe.

With thecompletionof correctmodelsimulation,we aredonewith thephaseof com-
municationsynthesis.Our new modelnow hastwo componentsconnectedby a system
bus.Themodelis now readyfor implementationsynthesis.
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3.5. Summar y

In this chapter, we coveredthesystemlevel designphaseof our methodology. With the
risein level of abstractionin systemspeci�cation,it is no longerfeasibleto startdesigns
at cycle accuratelevel. Instead,thespeci�cationshouldbegraduallyre�ned to derive a
cycleaccuratemodel.Wesaw threemajorstepsin thesystemlevel designandsynthesis
process.

Architecturere�nement took in the systemspeci�cationmodelasinput. Basedon the
pro�le of thespeci�cation,we chosetheappropriatecomponentsto implementthede-
siredsystem.Wealsodelvedinto designspaceexplorationby seekingapurelysoftware
solution.Whenthesoftwaresolutionturnedout to beinfeasible,we addeda HW com-
ponentto meetthereal-timeconstraintof thedesign.Wealsodemonstratedthepowerof
automaticre�nementto quickly comeupwith modelsandevaluatethem,therebygreatly
enhancingdesignspaceexploration.In thefuture,we will look at how to automatethe
decisionmakingprocess,so that the tool canproposean optimal systemarchitecture
basedonsystemconstraintsandavailablecomponents.

Architecturere�nementwasfollowed by softwareschedulingandthe RTOS insertion
step.Although,for this demo,we did not needto insertany RTOS,it is a featureavail-
able in SCE.It allows for inclusionof useful taskschedulingalgorithmsfor dynamic
scheduling.Wealsoprovide for staticschedulingof tasksonbothHW andSW.

The�nal majorstepof systemlevel designis communicationsynthesis.Weshowedhow
thedesignercanusethedatabaseof a varietyof busmodelsto constructa communica-
tion architecturefor thedesign.Oncethecommunicationarchitectureis complete,the
designerscanassignabstractdatatransfersto acommunicationroutein thearchitecture.
Usingautomaticre�nementin SCE,weshowedhow thedesignercouldquickly produce
a bus functionalcommunicationmodelandseeif it �ts the systemrequirements.This
busfunctionalmodelservesasaninput to thetasksof customHW generationandSW
codegeneration,which aredescribedin the next two chapter. In the future,we would
like to enhancethe capabilitiesof our tool to performautomaticcommunicationsyn-
thesis,wherebythetool cangeneratea goodcommunicationarchitectureandstill meet
systemspeci�cationconstraints.
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Chapter 4. Custom Hardware Design

4.1. Overview

Figure 4-1.Customhardware generationusingSCE
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In this chapter, we look at customHW generationstepashighlightedin �gure 4-1. The
bus functionalmodelderivedfrom thesystemlevel designphasemustnow beusedto
generatecustomhardwarefor HW components.In thisphaseof RTL synthesis,ourgoal
is to generateanRTL modelthatcanbefedinto industrystandardsynthesistools.In this
chapter, we will dealexclusively with behaviors mappedto HW componentsandshow
how acycleaccuratemodelis derivedfrom abusfunctionalone.

First, super�nite statemachinewith data(SFSMD)will begeneratedfrom thecommu-
nicationmodel.Eachsuperstatein SFSMDcorrespondsto abasicblockin communica-
tion modelandwill have only data�o w information.Thecontrol �o w informationwill
be describedamongsuperstatesof the behavior. Superstatesin SFSMDwill be split
into multiplestatesduringRTL synthesis.
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Second,the RTL units for the customhardware are allocated.To get someinforma-
tion like numberof operations,numberof variablesandnumberof datatransfersin the
SFSMDfor theRTL allocation,thedesignerhasto runRTL analysistool.

Third, schedulingandbindingis doneby designeror by tools.Theschedulingandbind-
ing informationwill beinsertedinto theSFSMDmodel.

Finally, the SFSMDmodelwith schedulingandbinding information is re�ned into a
cycle-accurateFSMDmodelby RTL re�nementtool. There�nementtool will alsoger-
erateacycleaccuratemodelin hardwaredescriptionlanguageslikeVerilogandHandel-
C. Thecycle accuratemodelin Verilog HDL canbeusedasinput to commerciallogic
synthesistools like SynopsysDesignCompiler. We also generatethe cycle-accurate
modelin Handel-Cwhichcanbefed into CeloxicaDesignKit.
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4.2. RTL Prepr ocessing

In our designmethodology, RTL designis modeledby Finite StateMachinewith Data
(FSMD) which �nite statemachinemodelwith assignmentstatementsaddedto each
states.TheFSMDcancompletelyspecifythebehavior of anarbitraryRTL design.

In this tutorial, we usean intermediaterepresentation,super�nite statemachinewith
data(SFSMD),whereeachstatemay take more than one cycle to execute.The SF-
SMD will beautomaticallyre�ned into cycle-accurateFSMDafterRTL schedulingand
binding.
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4.2.1. View behavioral input model

Beforeweshow how to generateSFSMD,we takea look athow inputmodelof custom
hardwaredesign.Selectthebehavior "Build_Code"by left clicking on it. Wecantakea
look at thebehavioral inputmodelby selectingView �

� Source from themenubar.
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4.2.1.1. View behavioral input model (cont' d)

The SpecC Editor window pops up showing the source code for behavior
"Build_Code".
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4.2.1.2. View behavioral input model (cont' d)

Scrollingdown thewindow, wecanseethatthebehavior codehasloopsandconditional
branchconstructs.Therefore,our RTL synthesistool hasto handletheseconstructs.
ClosetheSpecC Editor window by selectingFile �

� Close from its menubar.
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4.2.2. Generate SFSMD model

Now, we will show how to generatesuper�nite statemachinewith data(SFSMD).
To demonstratethe featuresof the our customhardware synthesistool, we will use
a particularbehavior called"Code_10i40_35bits".Browsethe hierarchyin the design
hierarchywindow andselectbehavior "Code_10i40_35bits".We will bedemonstrating
RTL designexplorationwith thisbehavior in therestof thechapter.

In theSCE,thestepof generatingtheSFSMDfrom thebehavioral inputmodelis called
RTL preprocessing,which is necessaryfor RTL synthesis.RTL preprocessingcanbe
invokedby selectingSynthesis �

� RTL Preprocessing from themenubar.
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4.2.2.1. Generate SFSMD model (cont' d)

An RTL Preprocessing dialog box popsup for selectingthe behavior and its clock
period.Select"Code_10i40_35bits"as the behavior to be preprocessedand leave the
default clock periodof the behavior as10 ns. Note that the clock periodhereis used
only for generatinga simulatableFSMD constructin SpecC.It doesnot meanthateach
statein theSFSMDmodelwill eventuallytake10nsto execute.

In the dialog box, the option Keep original behavior meansthat the original behav-
ior de�nitions for "Code_10i40_35bits"andits sub-behaviors will be preserved in the
model.Their instanceswill, however, be replacedby the generatedSFSMDbehavior
instancesin thehierarchy.

Now click Start to begin preprocessing.
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4.2.2.2. Generate SFSMD model (cont' d)

Note that RTL preprocessingstepgeneratesnew SFSMDsfor 6 sub-behaviors in the
behavior "Code_10i40_35bits",asseenon the logging window. Also note that a new
model "VocoderComm.fsmd.sir"is addedin the project managerwindow. This new
modelcontainsSFSMD behaviors mappedto HW component,which can be seenin
thedesignhierarchytree.

Again,wemustgiveournew modelasuitablename.Wecandothisby right clicking on
"VocoderComm.fsmd.sir"andselectingRename from the pop up menu.Renamethe
modelto "VocoderFsmd.sir".
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4.2.3. Browse SFSMD model

Selectthebehavior "Build_Code_FSMD"from thehierarchyby left clicking on it. The
generatedSFSMDleaf behaviorsmaybeviewedby selectingSynthesis �

� Schedule
& Bind RTL from themenubar.
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4.2.3.1. Browse SFSMD model (cont' d)

TheRTL Scheduling & Binding window popsupshowing all thestatesin thebehavior
"Build_Code_FSMD".It alsoshows all statementsfor the selectedstatein the right-
mostcolumn.Wecango insideeachstateby clicking on thecorrespondingcircle in the
left-mostcolumn.In this screenshot,stateS9 is selected.We canseeall assignments
with operationsandstatetransitionsderivedfrom "if" statements.

Left click on Cancel to close RTL Scheduling & Binding window.
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4.2.4. View SFSMD model (optional)

We browsedthroughthenewly createdmodelin theRTL Scheduling & Binding win-
dow. In addition,we canalsoview the sourcecodeof the model.Note that if reader
is not interested,sheor he canskip this sectionto go directly Section4.2.5Simulate
SFSMDmodel(optional)(page147).

Selectbehavior "Build_Code_FSMD"by left clicking on it. We now take a look at the
sourcecodeto seeif the RTL preprocessingtool hascorrectlygeneratedthe SFSMD
model.Do thisby selectingView �

� Source from themenubar.
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4.2.4.1. View SFSMD model (optional) (cont' d)

The SpecC Editor window pops up showing the source code for behavior
"Build_Code_FSMD".
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4.2.4.2. View SFSMD model (optional) (cont' d)

Thebehavioral input modelis changedto theSFSMDmodelwith clock period10 ns.
Scrolldownthewindow to �nd loopsandconditionalbranchconstructsin thebehavioral
inputmodelarechangedto statetransitions.Still, eachstatehasalot of assignmentsand
operations,whichhave to bescheduledandbound.

ClosetheSpecC Editor window by selectingFile �

� Close from themenubar.
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4.2.5. Simulate SFSMD model (optional)

For demopurposes,we will skip the SFSMDgenerationof thoseotherbehaviors as-
signedto HW component.Eventhis partially re�ned modelis actuallysimulatable.To
show this, �rst compilethemodelby selectingValidation �

� Compile from themenu
bar.

If readeris not interested,sheor he canskip this sectionto go directly Section4.2.6
AnalyzeSFSMDmodel(page150).
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4.2.5.1. Simulate SFSMD model (optional) (cont' d)

Note that the SFSMD model compilescorrectly into executable"VocoderFSMD"as
seenin the logging window. We now proceedto simulate the model by selecting
Validation �

� Simulate from themenubar.
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4.2.5.2. Simulate SFSMD model (optional) (cont' d)

Thesimulationwindow popsupshowing theprogressandsuccessfulcompletionof sim-
ulation.We arethusensuredthat theSFSMDgenerationstephastakenplacecorrectly.
Also notethat we canperformthe SFSMDgenerationon any behavior of our choice.
This indicatesthattheuserhascompletefreedomof delvinginto onebehavior ata time
andtestingit thoroughly. Sincetheotherbehaviorsareathigherlevel of abstraction,the
simulationspeedis muchfasterthanthesituationwhentheentiremodelis synthesized.
This is abig advantagewith ourmethodologyandit enablespartialsimulationof thede-
sign.Thedesignerdoesnothaveto re�ne theentiredesignto simulatejustonebehavior
in RTL.

In thissimulation,weseethedelayperframein theSFSMDmodeldecreasesto 17.05ns
from 19.89nscomparedto thecommunicationmodel.Becauseeachstatein theSFSMD
modelis arti�cially assigneda10nsclockperiodeventhoughit hasalot of assignments
andoperationsto besplit into multiplestatesby schedulingandbinding.
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4.2.6. Anal yze SFSMD model

Oncethe SFSMD model is generated,we needto allocateRTL components.For al-
location,we needto get somestatisticalinformationon design.The statisticalinfor-
mationcontainsthenumberof operationsfor functionalunit allocation,thenumberof
live variablesfor storageunit allocationandthe numberof datatransfersfor busallo-
cationandthenumberof operationsin critical pathin eachstate.Thesekind of useful
information can be obtainedby performingRTL analysis.First we selectthe behav-
ior "Code_10i40_35bits",of which we wantto get thestatisticalinformation.TheRTL
analysisis performedby selectingValidation �

� Analyze RTL from themenubar.
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4.2.6.1. Anal yze SFSMD model (cont' d)

RTL analysistool goesoverall sub-behaviors in thebehavior "Code_10i40_35bits",and
generatestheir statisticalinformationfor theallocation.
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4.2.6.2. Anal yze SFSMD model (cont' d)

In order to look at RTL analysisresult for the behavior "Build_Code_FSMD",select
Synthesis �

� Schedule & Bind RTL from themenubar.
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4.2.6.3. Anal yze SFSMD model (cont' d)

TheRTL Scheduling & Binding window popsup showing the statisticalinformation
for theselectedbehavior. From left to right in the left panelof theRTL Scheduling&
Binding window, it shows numberof operations(Operations column) in eachstate,
numberof variables(Variables), numberof datatransfers(Transfers), numberof oper-
ationsin critical path(Delay), andpowerdissipation(Power).
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4.2.6.4. Anal yze SFSMD model (cont' d)

Moving the mouseover the barsin the graphgives us detailedinformation on each
category. For instance,if we put themouseover theOperations columnin eachstate,
theoperationswhich areexecutedin thestatewill beshown like mult, L_mult, L_shr,
extract_l,suband> in stateS9.

154



Chapter4. CustomHardwareDesign

4.2.6.5. Anal yze SFSMD model (cont' d)

If we move themouseover theVariables columnin eachstate,thevariableswhich are
liveat theendof thestatewill beshown likecode,i, index, indices,k, andtrackin state
S9.
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4.2.6.6. Anal yze SFSMD model (cont' d)

If we move themouseover theTransfers columnin eachstate,thedatatransfershap-
pensat thestatewill be shown. In stateS9,thenumberof readtransfersis 15 andthe
numberof write transfers,8.

Left click on Cancel to closetheRTL Scheduling & Binding.
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4.3. RTL Allocation

RTL allocationis one of importantstepsfor customhardware design.It is to select
numberof RTL componentsfor thedesign,while meetingvariousconstraints.For RTL
allocation,weneedto getastatisticalinformationon thedesign.

The statisticalinformationcontainsthe numberof operationsfor functionalunit allo-
cation,thenumberof live variablesfor storageunit allocationandthe numberof data
transfersfor busallocationandthenumberof operationsin thecritical pathin eachstate.
Thesekindsof informationcanbeobtainedby performingRTL analysis.
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4.3.1. Allocate functional units

After we producea valid SFSMDmodelduringpreprocessingstep,the next stepis to
allocateRTL componentsfor HW partof thesystem.Theallocationwill beguidedby
RTL statisticalinformation.To perform the allocation,selectSynthesis �

� Allocate
RTL Units from themenubar.
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4.3.1.1. Allocate functional units (cont' d)

An RTL allocationwindow popsup just like for componentsandbusses.left click on
Add to seetheincludeunitsfrom thedatabaseinto thedesign.

159



Chapter4. CustomHardware Design

4.3.1.2. Allocate functional units (cont' d)

A RTL Unit Selection window popsup for RTL unit selection.Therearevariouscate-
goriesfor theRTL componentslistedontheleft-mostcolumn.Left click on"Functional
Unit" to seethe functionalunitsandtheir parametersin the right-mostcolumn.In this
tutorial, we will select3 functionalunits: "L_unit" and "op_unit" for saturatedarith-
meticoperationsand"alu" for theotheroperations.To selectanalu, left click on "alu"
andclick on OK to addit to RTL Unit Selection window.
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4.3.1.3. Allocate functional units (cont' d)

A new propertybox for thealucomponentpopsupandshowsthecon�gurableparame-
ters.In caseof alu,bit width is thecon�gurableparameter. Left click on OK to usethe
default valueof 32bits.
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4.3.1.4. Allocate functional units (cont' d)

Theallocatedalucomponentwill beshown in theRTL Component Allocation window.
Left click on Name columnof theallocatedalu to renameit to ALU1.

Wemayrepeatthelastprocedureto allocatemoreRTL componentsfrom thedatabase.
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4.3.1.5. Allocate functional units (cont' d)

In this way, we canallocatean "L_unit" andan "op_unit" andrenamethemto ALU2
andALU3 respectively.

All desirablefunctional units for hardware implementationhave now beenselected.
However, we alsoneedstorageunitslike register�les andmemory. Left click on Add.
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4.3.2. Allocate stora ge units

Left click on "RegisterFile" to seethe variousregister �les andtheir properties.Left
click on "RF" to selectregister�le andclick on OK to addit to RTL Unit Selection
window.
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4.3.2.1. Allocate stora ge units (cont' d)

A new propertybox for RF componentpopsup andshows the con�gurable parame-
ters.In caseof RF, addresswidth andsizeof register �le aswell asbit width arethe
con�gurableparameters.Left click on "Addresswidth" to change4 bits to 5 bits.
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4.3.2.2. Allocate stora ge units (cont' d)

Sincetheaddresswidth is changedto 5 bits,theallowedaddressspaceis 32words.Left
click onsize to change16 wordsto 32 words.

Left click on OK to addRF to RTL allocation.
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4.3.2.3. Allocate stora ge units (cont' d)

TheselectedRFcomponentwill beshown in theRTL Component Allocation window.
Left click on Name columnof theallocatedRF to renameit to RF1.
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4.3.2.4. Allocate stora ge units (cont' d)

For the purposeof this designwe will need3 register�les to performRTL synthesis.
To addmoreregister�les in theallocationtable,simply Left click on Copy by 2 times.
This is a usefulway to replicatecomponentsfor largesizedallocations.

Now, we have allocated3 register�les. In the similar way, we canallocatea memory
component.
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4.3.2.5. Allocate stora ge units (cont' d)

In the"Memory" category, weselectthe"mem"typememory. Its sizeis 256words,and
thenits addresswidth is 8 bits.Also its bit width is 32 bits.

We arenow donewith storageunit allocationandwe have to allocatebussesfor data
transfersbetweenstorageunitsandfunctionalunits.Left click onAdd to addmoreRTL
components.
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4.3.3. Allocate buses

Left click on "Bus" to seeits propertiesin the left-mostcolumn.Left click on "bus" to
selectthebusandpressOK.
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4.3.3.1. Allocate buses (cont' d)

A new propertybox for buscomponentpopsupandshowsthecon�gurableparameters.
In caseof bus,bit width is thecon�gurableparameter. Left click on OK to addbus to
RTL allocation.
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4.3.3.2. Allocate buses (cont' d)

Theselectedbuscomponentwill beshown in theRTL Component Allocation window.
Left click on Name columnof theallocatedbusto renameit to BUS1.
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4.3.3.3. Allocate buses (cont' d)

For thepurposeof this designwe will need6 busesto performRTL synthesis.To add
morebusesin theallocationtable,simply left click onCopy by 5 times.This is auseful
way to replicatecomponentsfor largesizedallocations.
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4.3.3.4. Allocate buses (cont' d)

We arenow donewith RTL componentallocation.Left click on OK to save thealloca-
tion informationin themodel.

174



Chapter4. CustomHardwareDesign

4.3.3.5. Anal yze allocated SFSMD model

Beforeschedulingandbinding,we may checkhow RTL allocationwill affect perfor-
mance,area,andpower in thedesign.To do so,we cango overRTL analysisagain.we
selectthebehavior "Code_10i40_35bits",for which we wantto getthestatisticalinfor-
mation.TheRTL analysisis performedby selectingValidation �

� Analyze RTL from
themenubar.
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4.3.3.6. Anal yze allocated SFSMD model (cont' d)

RTL analysistool will go overall sub-behaviors in behavior "Code_10i40_35bits",and
generatethe moreaccuratestatisticalinformationwith the help of allocationinforma-
tion.
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4.3.3.7. Anal yze allocated SFSMD model (cont' d)

Now, wewill look atRTL analysisresultbecauseweallocatedRTL componentsfor the
designby selectingSynthesis �

� Schedule & Bind RTL from themenubar. Choose
thebehavior "Build_Code_FSMD"from thehierarchy.
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4.3.3.8. Anal yze allocated SFSMD model (cont' d)

TheRTL Scheduling & Binding window popsupshowing all thestatesin thebehavior
"Build_Code_FSMD".In the left-most columns,we can seethe estimateddelay and
powersfor eachstate.For example,stateS9will take 41.80nsto executeandconsume
180.0mW.
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4.4. RTL Scheduling and Binding

ThemostimportantstepsduringRTL synthesisareschedulingandbinding.Scheduling
is to decidethestarttimeof operationsin adesign.Bindingis to mapoperationsto func-
tional units (functionbinding)andto mapvariablesto storageunits (storagebinding),
and to map datatransfersto buses(connectionbinding). Due to the interdependence
of schedulingandbinding, the orderof thesestepsmay be interchangedto get better
design.

In ourRTL designmethodology, weprovidesmanualschedulingandbindingfor thede-
signersto makedecisionfor schedulingandbinding.But manualschedulingandbinding
takestoomuchtime for thedesignersto do andis tediousanderror-pronetask.Wewill
provideautomaticschedulingandbindingtoolsby RTL plugins.

Note that if readeris not interestedin how to do manualschedulingandbinding,she
or hecanskip this sectionto go directly Section4.4.2Scheduleandbind automatically
(page192).
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4.4.1. Schedule and bind manuall y (optional)

SCEallowsfor thedesignerto manuallyscheduleandbindtheoperations.However, this
is a tedioustaskandcanbedoneby automatedtools.To performautomaticscheduling
and binding, the designercan skip the manualstepand go directly to Section4.4.2
Scheduleandbindautomatically(page192).

If RTL Scheduling & Binding window is not openyet, we have to openit againby
selectingSynthesis �

� Schedule & Bind RTL from themenubar. Choosethebehavior
"Build_Code_FSMD"from thehierarchy.

wewill show how to specifycontrolstepfor eachstatementin astate.In RTL Schedul-
ing and Binding window, we select"S9" to do manualschedulingandbinding.In the
right sidepanelof theRTL Scheduling & Binding window, left checksonright sideof
thelabel "L_S9_0".ThenCycle columnfor "L_S9_0"is activated.We canspecifythe
controlstepfor it. In this way, we canspecifycontrolstepfor all statementin thestate
S9.

Note that if readeris not interestedin how to do manualschedulingandbinding,she
or hecanskip this sectionto go directly Section4.4.2Scheduleandbind automatically
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(page192).

181



Chapter4. CustomHardware Design

4.4.1.1. Schedule and bind manuall y (optional) (cont' d)

Toperformmanualbindingfor operationsin thestateS9,rightclick onLabel,"L_S9_2".
It will popup amenufor thebindingoptions.SelectFull binding.
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4.4.1.2. Schedule and bind manuall y (optional) (cont' d)

Eachcolumnin astatementin right sideof thewindow is now expandedto allow manual
binding.We will bind a functioncall, mult (Operation column),to "ALU3". To do so,
left click on 2nd blank row of the Operation column.Thenpull-down menupopsup
andshows all functionalunits which canperformfunction call mult. In this case,one
possiblefunctionalunit, "ALU3" is shown in thepull-down menu.
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4.4.1.3. Schedule and bind manuall y (optional) (cont' d)

Wewill bindatargetvariableindex (Destination column)to RF1[7].To doso,left click
on2ndblankrow of theDestination column.Thenpull-down menupopsupandshows
all storageunits In this case,four storageunits suchas "MEM1", "RF1", "RF2" and
"RF3" areshown in thepull-down menu.Click on "RF1" to select"RF1".
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4.4.1.4. Schedule and bind manuall y (optional) (cont' d)

For storageunit binding,theaddressof thevariablein thememoryshouldbespeci�ed.
Left click on right side of the 2nd row of Destination column.Specify the memory
addressto 7 for variable"index". The-1 in address�eld for a memoryis default value
whichmeansthattheaddressfor thememoryis notboundyet.
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4.4.1.5. Schedule and bind manuall y (optional) (cont' d)

Likewise,sourcevariable,"i" is boundto RF2[3].
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4.4.1.6. Schedule and bind manuall y (optional) (cont' d)

So for, we performedfunctional unit andstorageunit binding. We can specifymore
informationon binding,suchasportsof the functionalunit andstorageunit andbuses
for datatransfers.For theoutputportbindingof thefunctionalunit, left click on1strow
of theOperation columnwhichwill show all outputportsin ALU3 unit.
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4.4.1.7. Schedule and bind manuall y (optional) (cont' d)

For theinput port bindingof thefunctionalunit, left click on 3rd row of theOperation
columnwhichwill showsall inputportsin ALU3 unit.
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4.4.1.8. Schedule and bind manuall y (optional) (cont' d)

In thisway, wecanselectwrite port for thewrite storageunit (RF1[7])andreadport for
thereadstorageunit (RF2[3]).
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4.4.1.9. Schedule and bind manuall y (optional) (cont' d)

For the bus binding, left click on 1st row of the Destination columnwhich shows all
allocatedbuses.For targetvariable"index", "BUS3" is selectedfor write.
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4.4.1.10. Schedule and bind manuall y (optional) (cont' d)

In this way, we can perform all binding in the RTL Scheduling and Binding win-
dow. Howevermanualbindingtakestoomuchtimeandis anerror-pronetask.Theeasy
alternative is to useautomaticschedulingandbindingtools.

Left click on Cancel. Otherwise,the schedulingandbinding informationwill be in-
sertedandthenusedby automaticschedulingandbindingtools.It maygenerateincor-
rectRTL model.
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4.4.2. Schedule and bind automaticall y

As alreadydiscussed,manualschedulingandbindingtakestoo muchtime for designer
to doandalsois error-pronetask.Wewill now performschedulingandbindingwith the
helpof tools which implementschedulingandbindingalgorithms.In our design�o w,
anautomaticdecisionmakingtools for system-level designarecalleda "Plug in". For
RTL schedulingandbinding,we call "RTL Plugins"by selectingSynthesis �

� RTL
PlugIns �

� scrtl_bind from the menubar. Before that, we have to selecta behavior
"Code_10i40_35bits".
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4.4.2.1. Schedule and bind automaticall y (cont' d)

An RTL Synthesis dialog box popsup. In the middle of the dialog box, a pull-down
list is available to selectthe desiredbehavior. The default behavior in the list is the
one that is highlightedin the behavior hierarchytree.For our demo,selectbehavior
"Code_10i40_35bits(HW)" from thelist. By default, theclockperiodof thebehavior is
10 ns.Now click onStartto begin "scrtl_bind".
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4.4.2.2. Schedule and bind automaticall y (cont' d)

Note that "scrtl_bind"annotatesschedulingandbinding informationinto SFSMDsfor
all 6 sub-behaviorsof thebehavior "Code_10i40_35bits",asseenin theloggingwindow.
Thetool �nally generatestheSFSMDmodelfor thebehavior "Code_10i40_35bits".
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4.4.2.3. Browse scheduling and binding result (optional)

To checkthe schedulingandbinding resultgeneratedby "scrtl_bind", we have to go
over RTL Scheduling & Binding window again by selectingSynthesis �

� RTL
Scheduling & Binding from the menubar. Beforethat, we have to selecta behavior
"Build_Code_FSMD".

If readeris not interestedin detailsof theschedulingandbindingresults,sheor heskips
this sectionandgodirectly Section4.5RTLRe�nement(page198).
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4.4.2.4. Browse scheduling and binding result (optional) (cont' d)

In theRTL scheduling and Binding window, Cycle columnshows thecontrolstepof
eachstatement.To seethe binding information,we activateFull binding by selecting
Full binding in thebindingpop-upmenu.
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4.4.2.5. Browse scheduling and binding result (optional) (cont' d)

This is the schedulingandbinding result for the L_S9_2andL_S9_3statement.The
statementL_S9_2is scheduledcontrolstep1 relative to thestartof stateS9.Thefunc-
tion call "mult" is performedby ALU3. The variable"index" in statementL_S9_2is
boundto RF1[2] which storesthe result of the function call "mult" throughthe bus
"BUS3".

Left click on Cancel.
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4.5. RTL Re�nement

Sofar, we performedallocation,schedulingandbindingof which informationis anno-
tatedinto SFSMDmodel.ThentheSFSMDmodelshouldbere�ned into cycle-accurate
RTL modelwhich is representedby �nite statemachinewith data(FSMD).Thecycle-
accuratemodelwill re�ect all schedulingandbindinginformation.

Basically, this stepwill split thestateto themultiple statesre�ecting schedulinginfor-
mation.Now eachstatewill takeoneclockperiodexactly to perform.

TheRTL re�nementtool cangeneratecycle-accurateFSMDmodelin varioushardware
descriptionlanguagesuchas Verilog HDL and Handel-Cin addition to SpecC.The
Verilog HDL modelwill beusedto beinputof thecommerciallogic synthesistool like
DesignCompiler from Synopsys.Also the Handel-Cmodelwill be fed into Celoxica
DesignKit to generategate-level netlist.
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4.5.1. Generate RTL model

We re�ne theSFSMDmodelto cycle-accuratemodelby selectingSynthesis �

� RTL
Re�nement from themenubar.

The re�nement stepwill split the stateinto multiple statesre�ecting the scheduling
information.Also, eachstatewill takeexactlyoneclockperiodto execute.
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4.5.1.1. Generate RTL model (cont' d)

The RTL Re�nement dialog box popsup showing us all optionswhich canbe used
for re�nementtool. At the top of thedialog box, a pull-down list is availableto select
the desiredbehavior to be re�ned. The default behavior is the onethat is highlighted
in the behavior hierarchytree.For our demo,select"Code_10i40_35bits(HW)" from
the list thenleft click on Start to begin RTL re�nement.Notice that like in theearlier
re�nementphases,we have optionsfor partial re�nementsteps.The usermight avoid
somebindingstepsif hewantsto look at intermediatemodels.Also notethatwe have
selectedaclockperiodof 10ns,correspondingto thespeedof ourcustomhardwareunit.
It mayberecalledthatwhile selectingthehardwarecomponent,wespeci�edahardware
componentwith clockspeedof 100Mhz, which imposesaclockperiodof 10ns.

TheRTL re�nementtool cangeneratecycle-accurateFSMDmodelin varioushardware
descriptionlanguagesuchas Verilog HDL and Handel-Cin addition to SpecC.The
Verilog HDL modelwill be usedto be input of the commerciallogic synthesistools
suchas DesignCompiler from Synopsys.Also the Handel-Cmodel will be fed into
CeloxicaDesignKit to generategate-level netlist.In thisdemo,wewill generateSpecC
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RTL andVerilogHDL modelfor thedesign.

Changeoutput�le namefor theVerilog HDL modelto "VocoderRTL.v".
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4.5.1.2. Generate RTL model (cont' d)

Note that RTL re�nement stepgeneratesnew RTL model for 6 sub-behaviors of the
behavior "Code_10i40_35bits",asseenon the logging window. Also note that a new
model"VocoderFsmd.rtl.sir"is addedin theProjectmanagerwindow.
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4.5.1.3. Generate RTL model (cont' d)

Likebefore,wemustgiveournew modelasuitablename.Wecandothisby right click-
ing on"VocoderFsmd.rtl.sir"andselectingRename from thepopupmenu.Renamethe
modelto "VocoderRTL.sir".
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4.5.2. Browse RTL model

In order to look at RTL model for the behavior "Build_Code_RTL", select
Synthesis �

� Schedule & Bind RTL from themenubar.
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4.5.2.1. Browse RTL model (cont' d)

In theright-mostcolumnof theRTL Scheduling and Binding window, somestatesare
split to multiplestates.For example,stateS9is split to 6 states,S9,S9_1,...,S9_5.Note
thatthedelayof thesestatesis lessthan10nsin Delay in theright-mostcolumn.

Left click on Cancel.
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4.5.3. View RTL model (optional)

Wenow browsethroughthenewly createdmodelin theDesignhierarchywindow. Note
thatthetypeof theinstance"build_code"hasnow changedto "Build_Code_RTL" after
RTL re�nement.

Selectthebehavior "Build_Code_RTL" by left clicking on it. Wenow takea look at the
synthesizedsourcecodeto seeif the RTL re�nement tool hascorrectlygeneratedthe
RTL model.Do thisby selectingView �

� Source from themenubar.

Notethatif readeris not interested,sheor hecanskip thissectionto godirectlySection
4.5.4View Verilog RTLmodel(optional)(page209).
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4.5.3.1. View RTL model (optional) (cont' d)

The SpecC Editor popsup showing the RTL codefor behavior, "Build_Code_RTL."
Scrollingdown theeditorwindow shows several functiondeclarationsin this behavior.
It is to benotedthatthesedeclarationscorrespondto thefunctionsimplementedfor the
allocatedRTL components.Also, we canobserve a FSMD constructwith 10 nsclock
period.
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4.5.3.2. View RTL model (optional) (cont' d)

Scrolling down further shows the assignmentsfor the statevariables.Recall that the
RTL synthesisproduced112 states.Thesestatesareenumeratedherefrom 0 through
111.Note the �nal assignment(S_EXIT = 111).Furtherobservationsof thegenerated
codeshow read/writeoperationson the register�les. For instance,RF1 is the register
�le written in thestatementRF1[0]= BUS1;asshown in stateS9.
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4.5.4. View Verilog RTL model (optional)

Checkout theVerilog codegeneratedin the�le VocoderRTL.v. This codeis generated
by theRTL re�nementtool.Thedesignermaygotheshellandlaunchhis favoriteeditor
to browsethroughthegeneratedVerilogcode.

If readeris not interested,sheor he canskip this sectionto go directly Section4.5.5
SimulateRTLmodel(optional)(page211).

Note that the Verilog code has correspondingmodules for 6 sub-behaviors of
Code_10i40_35bits.
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4.5.4.1. View Verilog RTL model (optional) (cont' d)

In theVerilogcode,weuse"case"constructto representFSMD.All statesarede�nedby
parameterconstruct.If "_start_"signalis activated,FSMDbeginsto executeandthenif
FSMDreachesstateS_EXIT, "_done_"signalis assertedandFSMDwill endto execute
andwill wait for next entryof execution.

210



Chapter4. CustomHardwareDesign

4.5.5. Simulate RTL model (optional)

Now, we have to createan executablefor the generatedFSMD model by selecting
Validation �

� Compile from themenubar.

If readeris not interested,sheor hecanskip this sectionto go directly Chapter5 Em-
beddedSoftwareDesign(page215).
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4.5.5.1. Simulate RTL model (optional) (cont' d)

Note that the RTL model compilescorrectly generatingthe executableVocoderRTL
as seenin the logging window. We now proceedto simulatethe model by selecting
Validation �

� Simulate from themenubar.
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4.5.5.2. Simulate RTL model (optional) (cont' d)

The simulationwindow popsup showing the progressand successfulcompletionof
simulation.We arethusensuredthattheRTL re�nementstephastakenplacecorrectly.
Also notethatwe canperformtheRTL re�nementon any behavior of our choice.This
indicatesthattheuserhascompletefreedomof delvinginto onebehavior at a time and
testingit thoroughly. Sincethe otherbehaviors areat a higherlevel of abstraction,the
simulationspeedis muchfasterthanthesituationwhentheentiremodelis synthesized.
This is abig advantagewith ourmethodologyandit enablespartialsimulationof thede-
sign.Thedesignerdoesnothaveto re�ne theentiredesignto simulatejustonebehavior
in RTL.

In this simulation,we seethedelayperframein RTL modelincreasesto 18.13nsfrom
17.05nscomparedto SFSMDmodel.Becauseeachstatein theSFSMDmodelis split
into multiplestatesby schedulingandbinding.
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4.6. Summar y

In this chapterwe showedthe taskof customHW designfor thebehaviors mappedto
HW component.We startedfrom a busfunctionalmodelof thesystemandisolatedthe
behaviors that we want to implementin HW. Thesebehaviors underwenta seriesof
transformationsto arriveataFSMDstylemodelthatcanserveasinput to industrystan-
dardlogic synthesistools.Besides,generatingtheSpecCmodels,SCEis alsocapableof
generatingHW modelsin standardHDL like Verilog andHandel-C,which canbeused
by theCeloxicaDesignKit.

We alsosaw variousadvantagesof working with SCEduringRTL synthesis.Theenvi-
ronmentandlanguageallow the userto concentrateonly on onebehavior if he or she
needsto. That is, the designermay chooseto performcycle accurateimplementation
of a critical behavior andkeeptheremainingbehaviors at a higherlevel of abstraction
for fastsimulation.TheRTL synthesisprocessitself allows thedesignerto performthe
schedulingandbinding stepsmanually. However, we alsoshowed the automaticRTL
synthesiscapabilities.Thedesigneris freeto tweakthesynthesisresultsandgeneratea
new modelatany time.
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5.1. Overview

Figure 5-1.SW codegenerationwith SCE
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In this chapter, we look at softwarecodegenerationashighlightedin �gure 5-1. The
bus functionalmodelderivedaftersystemlevel designcontainsa behavioral hierarchy
of tasksmappedto SW components.Sincethe SpecCcodeis not a naturalinput for
generatingtheprocessor's instruction-setspeci�c code,weneedto produceC codethat
canbecompiledfor theprocessor. In thisphaseweusetheSWgenerationtool to �atten
the hierarchicalSpecCcodeandproduceC code.We thusenablethe designerto use
an off the shelf processorwith C compilerandproducecycle accurateSW for it. The
instructionsetsimulatorfor the processorcanbe usedin conjunctionwith the SpecC
simulatorto performcycleaccuratesimulationof bothHW andSW.
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5.2. SW code generation

Oncewe are donewith HW andhave obtaineda RTL model,we will generatesoft-
ware for the DSP. For our designexample,we needto generateC codefor behavior
"Motorola_DSP56600"andall its child behaviors.We startby selectingbehavior "Mo-
torola_DSP56600"in thedesignhierarchytree.
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5.2.1. Generate C code

To generateC codefor behavior "Motorola_DSP56600",selectSynthesis �

� C Code
Generation... from themenubar.
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5.2.1.1. Generate C code (cont' d)

A dialog box popsup for the userto input the nameof the C andHeader�le of the
generatedsoftware.Now pressthe Start buttonto starttheC codegenerationprocess.
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5.2.1.2. Generate C code (cont' d)

As displayedin the logging window, the softwaregenerationis beingperformed.The
newly generatedsoftwaremodel"VocoderRTL.C.sir" is displayedto thedesignwindow.
It is alsoaddedto thecurrentprojectwindow, undertheRTL model"VocoderRTL.sir"
to indicatethatit wasderivedfrom "VocoderRTL.sir"
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5.2.1.3. Generate C code (cont' d)

Like in the previous sections,we needto changethe designnameto follow the same
namingstyle in this tutorial. In theprojectwindow, selectdesign"VocoderRTL.C.sir".
Rightclick andselectRename... Changethedesignnameto "VocoderRTLC.sir"
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5.2.2. Browse and View C code

Checkout theC codegeneratedin the �le "Motorola_DSP56600.c".This codeis gen-
eratedby thesoftwaregenerationtool. Thedesignermaygo to theshellandlaunchhis
favorite editorto browsethroughthegeneratedC code.

ThecodegenerationprocessconvertstheSpecCdescriptionof tasksinto ANSI C code.
The main ideais thatwe convert the behaviors andchannelsinto C structandconvert
thebehavioral hierarchyinto theC structhierarchy. Variablesde�ned insidea behavior
or channelandportsof behaviorsareconvertedinto datamembersof thecorresponding
C struct.Finally, functionsinsidea behavior or channelareconvertedinto global func-
tionswith anadditionalparameteraddedrepresentingthebehavior to whichthefunction
belongs.
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5.2.3. Simulate C model (optional)

Sofarwehave�nished theC codegeneration.However, wealsoneedto con�rm thatthe
generatedC codeiscorrectfor thedesign.In otherwordstheC codemustbefunctionally
equivalent to the SpecCmodel.The simulationstepis optional,so if the designeris
not interestedin it, heor shemayskip it andgo directly to Section5.3 Instructionset
simulation(page225).

Wewill validatethegeneratedC codethroughsimulation.But �rst weneedto importC
codeinto thedesignandcompilethemodelinto anexecutable.To compiletheC code
modelto executable,go to Validation menuandselect Compile .
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5.2.3.1. Simulate C model (cont' d)

Themessagesin theloggingwindow showsthattheC codemodelis compiledsuccess-
fully withoutany syntaxerror. Now in orderto verify thatit is functionallyequivalentto
thepreviousmodel,wewill simulatethecompiledmodelonthesamesetof speechdata
usedin thespeci�cationvalidation.Go to Validation menuandselect Simulate .
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5.2.3.2. Simulate C model (cont' d)

Like in theearliercases,a simulationwindow popsup.Thesimulationresultis correct
andwehave thusveri�ed thatthegeneratedC codeis functionallycorrect.
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5.3. Instruction set sim ulation

After we generatedC codefor theDSP, we compiletheC codeinto DSP's instruction
setandimport the instructionsetsimulator(ISS) for theMotorolaDSP56600.To start
importing,selectFile �

� Import from themenubar.

225



Chapter5. EmbeddedSoftwareDesign

5.3.1. Impor t instruction set sim ulator model

Selectdirectory"IP" from the�le selectionmenuby doubleLeft click.
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5.3.1.1. Impor t instruction set sim ulator model (cont' d)

InsidedirectoryIP, select"DspIss.sir"andLeft click on Open.

The SIR �le containsthe instructionsetsimulatorfor our chosenDSP. The behavior
loadsthecompiledobjectcodefor the tasksthatweremappedto DSPandexecutesit
on theinstructionsetsimulator.
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5.3.1.2. Impor t instruction set sim ulator model (cont' d)

Once"DspIss.sir"is imported,wecannoticebehavior "DspISS"asanew rootbehavior
in thedesignhierarchytree.Thisis becausebehavior "DspISS"hasnotbeeninstantiated
yet.
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5.3.1.3. Impor t instruction set sim ulator model (cont' d)

In the designhierarchytree, selectbehavior "DSP". Right click and selectChange
Type.
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5.3.1.4. Impor t instruction set sim ulator model (cont' d)

Thetypeof behavior "DSP"maynow bechangedby selectingDspISS.

By doing this, we have now re�ned thesoftwarepartof our designto be implemented
with theDSP56600processor's instructionset.Recallthat thesoftwarepartmappedto
DSPhasalreadybeencompiledfor theDSP56600processorandtheobject�le is ready.
As mentionedearlier, the new behavior will load this object �le andexecuteit on the
DSP's instructionsetsimulator. Thusthemodelbecomesclockcycleaccurate.
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5.3.2. Simulate cycle accurate model

We now have the clock cycle accuratemodel readyfor validation.We begin asusual
with compilingthemodelby selectingValidation �

� Compile from themenubar.
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5.3.2.1. Simulate cycle accurate model (cont' d)

The model compilescorrectly as shown in the logging window. We now proceedto
simulatethemodelby selectingValidation �

� Simulate from themenubar.
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5.3.2.2. Simulate cycle accurate model (cont' d)

Like in theearliercases,a simulationwindow popsup. TheDSPInstructionsetsimu-
lator canbe seento slow down the simulationspeedconsiderably. This is becausethe
simulationis beingdoneoneinstructionata timein contrastto thehigh level simulation
wehadearlier.
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5.3.2.3. Simulate cycle accurate model (cont' d)

It may take hoursfor thesimulationto complete.Thesimulationmay bekilled by se-
lectingValidation �

� Kill simulation from themenubar.
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5.3.2.4. Simulate cycle accurate model (cont' d)

Thedemohasnow concluded.To exit theSoCenvironment,selectProject �

� Exit from
themenubar.
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5.4. Summar y

In this tutorial, we performedtheSW synthesistaskafterRTL synthesisof HW. Note
that thesetwo tasksareorthogonalandmay be donein any order. We showedC code
generationfor thebehaviorsmappedto SWcomponent.This is ausefulfeatureof SCE,
sincewe cangenerateC codewhich canbe compiledonto any processorto generate
assembly. The codecan then usedfor an instructionset simulatorto run on a cycle-
by-cycle basiswith theRTL HW. All thesebuilt in featuresof SCEallow thedesigner
to move acrossabstractionlevelseven for partsof a design.The �e xibility anddesign
capablitythatis thusprovidedto thedesigneris enormous.
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In this tutorialwepresentedtheSystemonChipdesignmethodology. TheSoCmethod-
ology de�nes the4 modelsand3 transformationsthatbring aninitial systemspeci�ca-
tion down to anRTL-implementation.In additionto validationthroughsimulation,the
well-de�ned natureof themodelsenablesautomaticmodelre�nement,andapplication
of formalmethods,for examplein veri�cation.

The completedesign�o w was demostratedon an industrial strengthexampleof the
VocoderSpeechencoder.We have shown how SCEcantake a speci�cationmodeland
allow theuserto interactively provide synthesisdecisions.In going from speci�cation
to RTL/Instruction-setmodel for the GSM Vocoder, we notedthat comparedto tradi-
tionalmanualre�nement,theautomaticre�nementprocessgivesusmorethana1000X
productivity gainin modeling,sincedesignersdonot needto rewrite models.

Table6-1.VocoderRe�nement Effort

Re�nement Step Modi�ed Lines Manual
Re�nement

Automated
Re�nement

Spec-> Arch 3,275 3~4months ~1 min.

Arch -> Comm 914 1~2months ~0.5min.

Comm-> RTL/IS 6,146 5~6months ~2 min.

Total. 10,355. 9~12months. ~4mins.

To draw theconclusion,SCEenablesthedesignerto usethefollowing powerful advan-
tagesthathaveneverbeenavailablebefore.

1. Automatic model generation.

New modelsaregeneratedby AutomaticRe�nementof abstractmodels.Thismeans
that thedesignermaystartwith a speci�cationandsimply usedesigndecisionsto
automaticallygeneratemodelsre�ecting thosedecisions.

2. Eliminates SLDL learning.

SCE eliminatesthe needfor system-level designlanguages to be learnt by the
designer. Only theknowledgeof C for creatingspeci�cationis required.
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3. Enablesnon-expertsto design.

Thisalso enablesnon-expertsto design systems.Thereis noneedfor thedesigner
to worry aboutdesigndetailslikeprotocoltiming diagrams,low level interfacesetc.
Consequently, software developers candesignhardware and hardware designers
candevelopsoftware.

4. Supports platforms.

SCEis greatfor platformbaseddesign. By limiting thechoiceof componentsand
busses,designersmay selecttheir favorite architectureandthenplay aroundwith
differentpartitioningschema.

5. Customizedmethodology.

SCEcanalsobe customizedto any methodology asper the designer's choiceof
components,systemarchitecture,modelsandlevelsof abstraction.

6. EnablesIP trading.

SCEsimpli�es IP trading to a greatextentby allowing interoperabilityat system
level. With well de�ned wrappers,thedesignercanplug andplay with suitableIPs
in the designprocess.If an IP meetsthe designrequirements,the designermay
chooseto plugthatIP componentin thedesignandnotworry aboutsynthesizingor
validatingthatpartof thedesign.
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1. What is SCE?

SCEis anacronym for System-on-ChipEnvironement.It is a designenvironement
basedon a model re�nement methodology. The environmentconsistsof several
toolsanduserinterfacesto helpthedesignertake a functionalsystemspeci�cation
to its cycleaccurateimplementationwith minimaleffort.

2. What are the supportedplatforms for SCE ?

SCE2.2.0betais currentlysupportedonLinux RedHat7.3.Thepublicdistribution
of theoperatingsystemis includedon theCD-ROM. SCEhasalsobeentestedfor
RedHat8.0andSuSE8.2distributionsof Linux. Otherplatformswill besupported
in thefutureastheneedarises.

3. What is the level of expertiseneededto designwith SCE ?

SCEis designedwith thegoalof allowing evennon-expertsto performsystemde-
sign.A verybasicknowledgeof SWandHW design,equivalenttoanundergraduate
degreein computerengineering,is requiredto work with SCE.

4. What is the differencebetweenbehavior and model?

A model is a descriptionof the designin a machinereadableform (like SpecC).
Theremaybeseveralmodelsusedin a systemdesigneffort. Thesemodelscapture
thedesignwith varyinglevelsof abstraction.A behavior, in context of SCE,is aunit
of computation.A modelis madeup by ahierarchyof behaviors thatcommunicate
with eachotherusingvariablesor channels.

5. What are the modelsthat I need?

In SCE,the designermay startwith only a speci�cation model.This modelcap-
turesthefunctionalityof thedesignwithout any implementationdetails.As we go
throughthedesignprocess,variousmodelswith greaterimplementationdetailsare
generatedautomaticallyusingthe built in tools in SCE.The designeronly needs
to guidethemodelgenerationwith decisions.Thefour primarymodelsin theSCE
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methodologyareSpeci�cationmodel,Architecturemodel,Communicationmodel
andCycle-accuratemodel.Thedesignermaychooseto startwith any modelasper
his or herchoice.

6. What do I needto do with all thesemodels?

Eachof the modelsneedto be compiledto generatean executable.Oncethey are
compiled,they needto be simulatedto make surethat they work correctly. The
designermaychooseto view themodelsin graphicalform to understandandverify
theimplementationdetailsaddedasa resultof re�nement.Thespeci�cationmodel
alsoneedsto bepro�led to getusefuldatafor makingarchitecturaldecisions.

7. How do I geta cycleaccuratemodelof my design?

The designermay startwith any of the systemlevel modelsnamelyspeci�cation
model,architecturemodelor communicationmodel.With thehelpof designdeci-
sions,SCEwill generatesubsequentlyre�ned modelsof thedesign.The�nal model
generatedafterRTL re�nementandSWcompilationwill beacycleaccuratemodel
of thedesign.

8. Why is pro�ling relevant ?

Pro�ling is performedto gatherusefuldataaboutthespeci�cation.It givesbotha
quntitative anda qualitative measureof thecomputationinsideeachbehavior or a
setof behaviors. This informationis usedto choosethe right type andnumberof
componentsfor thesystemarchitecture.

9. How do I discover the "computationally intensive" behaviors in my model?

A straightforward approachis to producebar chartsfor eachleaf behavior in the
model.For a reasonablycomplex design,thedesignercanusethehierarchicalna-
tureof thebehaviors to displaycomparisionbetweencompositebehaviors.Behav-
iors with low computationmay be eliminated.For a behavior with high compu-
tation, the designercan display its child behaviors and so on. The authorof the
speci�cationmodelcanalsosupplythis informationupfront,sinceheor shewould
bewell conversantwith themodel.
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10.Why should I evaluatean architecture before re�nement ?

Mostdesignshaveconstraintsonexecutiontime.Thearchitectureexplorationphase
requiresthe designerto comeup with the bestsetof components(andthe distri-
bution of computationover them) to meetthis constraint.One way would be to
generatethearchitecturemodelandthensimulateit. This is time consumingif the
designerhasto go over several architecturalchoices.Evaluationof a model is a
staticanalysisfeaturethat allows the designerto checkif an architecturalchoice
meetsthedesignconstraints.

11. If my architecturemodelsimulation showsan encodingdelayof "0.0ms", what
did I do wrong ?

Thismaybebecausethespeci�cationwasnotpro�led beforeanarchitecturemodel
wasgenerated.Pro�ling generatesinformationthatallows architecturere�nement
to inserttheappropiatedelaysfor thetargetcomponent.

12.Can I re�ne any behavior in a model?

The behavior which is setasthe "top level" of the designis consideredfor archi-
tectureandcommunicationre�nementby the tools.Typically, the behavior repre-
sentingthedesignundertest(without thetestbench)is setasthe"top level" behav-
ior. However, for RTL re�nement, the designermay choosea particularbehavior
mappedto HW. This will allow thedesignerto examineonly aninterestingpartof
thedesignwithouthaving to simulatetheentiremodelat cycleaccuratelevel.

13.Why do I needto renameall the generatedmodels?

Renamingis doneto avoid overwritingof modelsduringexploration.Automatically
generatedmodelsareread-onlyfor thesamereason.Renamingalsogivesasuitable
nameto themodelsothatit canbeeasilyrecognizedin theprojectwindow.

14. I want multiple bussesin my design.How do I map channelsto busses?

The designexample in the tutorial hasonly one bus. The shortcutfor mapping
all channelsto one bus is to map the top level behavior to that bus. In caseof
multiple busses,selectSynthesis �

� Show Channels afterallocatingthebusses.
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This would exposeall the channelsbetweenthe components.Individual channels
canthenbemappedto respectivebusses.

15.Can I usepoint to point wir econnectionsinsteadof bussesin my design?

Bussesin SCErepresentgenericconnectionelements.It is possibleto have point
to point connectionsbetweencomponents.This canbe donesimply by including
sucha point to point protocol in the protocol library andselectingit during com-
municationsynthesis.During channelmappingthedesignermusttake careto map
channelsbetweenonly the relevant componentsto the point to point "connection
element."

16.Why do I needto do RTL preprocessing?

Preprocessingis neededto generatea super�nite statemachinemodelof the de-
sign,which servesasaninput to RTL re�nement.Thepreprocessingstepsplitsthe
behaviors into superstates,with eachsuperstatecomprisingof abasicblock.

17.Why doesRTL schedulingand binding display work only for leaf behaviors ?

During preprocessingeachleaf behavior underthe selectedbehavior for HW im-
plemetationis convertedto a superFSM.Displayingonly onesuperFSM ata time
avoidsovercrowding in thedisplayandstatenamecon�icts.

18.How do I know which RTL units to choose?

The designerchoosesthe RTL units that can perform the operationsrequiredin
the model.RTL analysisgivesstatisticalinformationon the numberand type of
operationsin eachsuperstate.Structuralconstraintscanput lower boundon the
numberof units.For example,if aunit with 3 inputsand1 outputis allocated,then
atleast4 bussesmustbeallocatedfor feasiblebinding.

19.How do I view sourcecodegeneratedby SCE?

TheSpecCsourcecodefor thebehavior de�nition canbeseenbyclicking onthebe-
havior in thehierarchytreeandselectingView �

� Source. Thecodefor thebehav-
ior instancecanbeseenby right clicking on theinstancein hierarchyandclicking
Source. However, SCEalsoproducesC, Verilog andHandel-C�les. Sincethese
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�les donotshow up in thehierarchy, they haveto beopenedexternallyfrom ashell
usingstandardeditors.

20.What is the current statusof SCE ?

SCEis currentlyademoversionthatworksfor selectexamples.In thefuture,it will
beenhancedto aprototypetool.

21.What other featuresare planned in the immediate futur e for SCE ?

In theimmediatefuture,weplanto expandthelibrarieswith morecomponents,IPs
andbusprotocols.Improvementsareplannedfor communicationsynthesisframe-
work to handlecomplex communicationarchitectures.Thereis alsowork planned
for OStargettingandgenerationof RTOSmodels.
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