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Chapter 1. Intr oduction

Thebasicpurposeof this tutorial is to guidea userthroughour EmbeddedSystemEn-
vironment(ESE)FrontEnd.ESEhelpsdesignersto take C/C++ applicationprocesses
and graphicalplatform captureand automaticallyproduceTransactionLevel Models
(TLMs) for functionalveri�cation andperformanceestimation.Extensive information
aboutESEandits projectedimpacton embeddedsystemdesignprocessesis available
on ourwebsiteathtt://www.cecs.uci.edu/~ese

ThetutorialdemostratesESEFrontEndbeingusedfor TLM generationusingtheJPEG
encoderandMP3 decoderapplications.Threeplatformsareusedfor this purpose.The
�rst platformconsistsof � ve microprocessorsconnectedvia a sharedbusandcommu-
nicatingeachotherusinga memoryarchitecture.This platform is representative of a
multi-processordesignwhereall componentsareprogrammable.The secondplatform
demonstratesusageof ESEfor heterogeneoussystemdesignwith onemicroprocessor
andfour HW accelerators.TheHW IntellectualProperties(IPs)have a proprietarybus
protocolwhich requiresaprotocolconvertorbetweentheprocessorbusandIP bus.The
last platformshastwo multi-threadedmicroprocessorsto which several processesare
mapped,thusit needsa Real-Time OperatingSystem(RTOS)modelto control theex-
ecutionof theprocessesin a microprocessor. Thedesignexamplesshow theversatility
of ESE,which is ahugebene�t overmanuallywrittenvirtual platforms.

The tutorial givesa stepby stepillustration of usingESE Front End. Screenshotsof
the GraphicalUser Interface(GUI) arepresentedto aid the userin using the various
featuresof ESE.Pleasenotethat,dependingon your speci�c versionof ESEandyour
systemsettings,thescreenshotsshown in this documentmaybeslightly differentfrom
theactualdisplayonyourscreen.Thescreenshotsateachdesignsteparesupplemented
with brief observationsaboutthe speci�c ESE feature.This would help the designer
to gainan insight into thedesignprocessinsteadof merelyfollowing thedemostration
steps.Wewind up thetutorialwith a conclusionandreferences.

1.1. Motiv ation

Therisein complexity of moderndesignhasforcedsystemdesignersto moveto higher
levelsof abstractionaboveRegisterTransferLevel (RTL) andtraditionalcycleaccurate
design.Therefore,modelssuchasTLMs thatprovidemanyfold speedupoverRTL sim-
ulation arebeingused.However, in order for TLMs to be synthesizableto Hardware
(HW) and Software (SW) implementation,they must follow well de�ned semantics.
Thesesemanticsarecurrentlymissingin the industryandTLM standards.Moreover,
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enforcingsemanticsis noteasywith manualmodeling.

Secondly, embeddedapplicationdeveloperscomefromavarietyof differentengineering
backgroundsandarenot necessarilyadeptat electronicdeign.Model automationtools
areneededfor suchdevelopersso that they do not needto learnmodelinglanguages
suchasSystemC.

Thirdly, businessesthatuseexternalsuppliersfor their embeddedsystemdesignsneed
unabmiguousexecutablespeci�cationsfor designhand-off. An evenbetterproposition
wouldbeto build pre-siliconboardprototypesin house.This would reducethechances
for mis-communicationin requirementspeci�cationandleadto a morerobust design
process.Consequently, tools arerequiredthat take abstractapplicationsandplatforms
andquikcly producefastTLMs andboardprototypes.

It is with thesechallengesin mind that we have comeup with ESEthat takesoff the
drudgeryof manualmodelingfrom systemdesigners.It enablesnon-expertsto create
systemmodelsandgenerateboardprototypesusingaconvenientgraphicalinterface.

1.2. Embed ded System Envir onment

Figure1-1.ESEnvir onment

ESEconsistsof a Front-Endanda Back-Endsupportedby two interfacesasshown in
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Section1.2EmbeddedSystemEnvironment(page2). TheFront-Endconsistsof System
Capture,which is a GUI for capturingthe de�nition of the platform architectureand
productapplicationcode.PlatformDevelopmenttool generatestimedTLMs of theplat-
form architectureexecutingthe productapplicationde�ned by the capturetool. These
timedTLMs provide reliableperformancemetricsandareusedfor earlyexplorationof
designchoices.In theBack-End,theHW Developmentcomponentis usedto generate
cycle-accurateor RTL descriptionof theHW componentswhich canbefurtherre�ned
by commerciallyavailabletoolsfor Application-Speci�cIntegratedCuircuit (ASIC) or
Field ProgrammableGateArray (FPGA) manufacturing.SW Developmentgenerate
�rmw arenecessaryto run communicationandapplicationSW on the platform. Vali-
dationUserInterfaceis usedto debug andvalidatedevelopedSW andHW. Decision
UserInterfaceis usedby the designer, to estimatethe quality metricsandmake deci-
sionssuchascomponentselection,taskscheduling,mappingof SW functionsto HW
componentsandothers.

1.3. ESE Front End Design Flow

Figure1-2.ESEnvir onment

The inputs to ESE Front-Endare the systemde�nition consistingof a platform and
applicationcode.A library of processingelements,buses,bridgesandRTOSis provided
in ESEto develop sucha platform. The retargetabletiming estimationtool in ESEis
usedto annotatetiming to the applicationcodebasedon the mappingof application
codeon theplatformcomponents.The timedapplicationandplatformareinput to the
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TLM generatortool thatusesthebusandbridgemodelsto generatea SystemCTLM.
This SystemCTLM canbe simulatedby any commercialor freely availableSystemC
simulatorto provide theperformancemetrics.Thedesignercanusethemetricsto make
to applicationcodeand/ortheplatformin orderto optimizethesystemfor a particular
metric.

1.4. Design Example

To demonstratetheusefulnessof ESE,two applicationswerechosen,JPEGencoderand
MP3 decoder. JPEGencoderis usedto demonstratemultiprocessorsystemdesignand
systemdesignincludingRTOSwith ESE.MP3 decoderis usedto demonstratehetero-
geneoussystemdesignwith ESE.

1.4.1. JPEG Encoder

Figure1-3.JPEG Encoder

Figure1-3 shows the block diagramof JPEGencoder. It takesa BMP asan input and
outputsan encodedJPEG�le. In general,JPEGencoderconsistsof � ve processes.
First, it partitionsthe imageinto 8x8 blocksof pixels andthe blocksareappliedto a
2-dimensionalDCT. Next, the transformmatrix is normalizedby an 8x8 quantization
matrix andthe quantizedDCT coef�cients form a matrix. The elementsof the matrix
areorderedin azigzagscan.Then,anentropy codercombinedwith arun-lengthcoding
of thezerosgeneratesanef�cient representationof thequantizedcoef�cients to betrans-
mittedor stored.The C modelis usedto createtestbencheswith goldenJPEGoutput
�les. Thesetestbenchesareusedlaterto verify theESEgeneratedTLMs.
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1.4.2. MP3 Audio Decoder

Figure1-4.MP3 Decoder

MP3 decoder�rst readsa codeword via synchronousanderrorchecker. Next, huffman
decodertranslatesthe codeword to severalsymbolsusingvariablelengthdecodingal-
gorithmandsendsit to next stagesfor requantizingandreordering.Then,thedecoded
frequency line is sentto aliasreductionandIMDCT. Finally, DCT producestheoutput
samples.Theblock diagramin Figure1-4 shows theIMDCT andDCT transformsthat
areappliedduring thestereodecodingon the left andright channelsof theMP3 input.
Thesefunctionblocksarethemosttime consumingpartof thedecodingandarehence
ideal for implementationusingcustomHW for fasterdecoding.The C model is also
usedto createtestbencheswith goldenPCM output�les. Thesetestbenchesareused
laterto verify theESEgeneratedTLMs.
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Chapter 2. Multi-Pr ocessor System Design with
ESE

This sectiondealswith designof JPEGencoderon a platform consistingof � ve Mi-
croBlazeprocessors.The JPEGapplicationcodeis availableasa C model.The JPEG
encoderhas� ve processesandeachprocessis mappedto a uniqueprocessor, thusthe
processescanbeexecutedconcurrently. Thecommunicationbetweentheprocessescan
take placethroughpairs of variouschannelssuchas process-to-process(or point-to-
point) massegepassingchannel,sharedmemorychannelandFirst-In-First-Out(FIFO)
channel.In thisChapter, all thechannelsin theJPEGencoderarevia theFIFOchannels.
ESEprovideswell de�ned communicationAPIs for thispurpose.Theencodedoutputis
shown graphicallyduringtheTLM simulationof theJPEGencoder.

Thechapterstartsbyexplainingthesetupfor ESE.It thenshows,usingscreenshots,how
theplatformis created.To speedup thedemostration,andto emphasizeon thefeatures,
we start with an existing partial platform that is upgradedwith additionalprocessors
anda bus.Thenwe show the applicationmappingon the platform, followedby TLM
generation,simulationandperformanceestimation.Thus,we presentthecorecapabil-
ities of theESEFront-Endtools in easyplatformdesign& upgrade,modelgeneration,
validationandestimation.
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2.1. ESE Star tup and Settings

Before startingthe demonstration,pleaseensurethat you have the ESE software in-
stalled in the right location at "/home/ese/local."Also make sure that you have an
"/home/ese/local"directorycontainingthe SystemC2.2.0librariesandSimpleDirect-
mediaLayer (SDL) libraries that areneededfor simulationof generatedTLMs. Also
make surethat you have GCC version3.4 or higherbecauseit is neededto correctly
compilethegeneratedTLMs. Thedemonstrationshown hereassumestheuserto have
a bourneshell. For C shell, the usermay call the ".csh" versionof the setupscripts.
Alternately, justuse"sh" to createanew bourneshellandfollow thetutorial directions.

8 © 2008,
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2.1.1. Envir onment Setup

We start by setting up the environment variablesto accessESE binaries.This is
provided by the "setup.sh"script in your installation.Typically, the installationpath
would be"/home/ese/local."Thescript is in the"bin" directoryin the installation.The
scriptmodi�es your PATH environmentalvariableto includepathto ESEaswell asthe
LD_LIBRARY_PATH variableto accessthesharedlibrariesthatESEdependson.Run
thecommand"source/home/ese/local/bin/setup.sh"andcreateanew localdirectoryfor
thedemo.

© 2008, 9
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2.1.2. ESE Demonstration Setup

Oncethe environmentalvariableshave beenset,the useris readyto launchESEand
createhis or her design.For the purposesof this tutorial, we will startwith a partial
designto quickly demonstratethekey capabilitiesof thetoolset.Wehavecreatedashell
scriptcalled"esedemo_mpd.sh"thatpreparesa partialdesignto startthedemofor the
JPEGencoder. At this point, run the "esedemo_mpd.sh"script after changinginto the
local directorycreatedfor thedemo.

10 © 2008,
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2.1.3. Launc hing ESE

After runningthe"esedemo_mpd.sh"script,you will noticeseveral�les in theworking
directory. Someof these�les will have a ".eds" extension.They are the ESE design
�les for the JPEGencoderdesignthat we will be using for this demo.You may also
seelinks to sourcedirectories.Thesepoint to theC codefor theprocessesof theJPEG
application.To launchtheESEGUI, simply run "ese"from your shell.
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2.1.4. ESE GUI

TheESEGUI shouldnow appearasshown in thescreenshot.TheGUI hasseveralmenu
itemsthatweshallexploreoverthis tutorial. It is dividedinto � vewindows.Thetop left
window is the "PE" window. It organizesthe variousapplicationprocessesmappedto
the ProcessingElements(PEs)in the design.The mid-left window is the "Channel"
window thatorganizesthevariouschannelsusedfor communicationbetweentheappli-
cationprocesses.Thetabsrepresentthephysicalcommunicationlinks in theplatform.
Thebottomleft window is the"Database"window thatorganizesthePE,Communcation
Element(CE), memoryandRTOSmodel.Thetop right window is the"PlatformCan-
vas"on which theplatformarchitectureis editedgraphically. Thebottomright window
is the"Logging" window thatlogsthemessagesfrom variousESEtools.

12 © 2008,
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2.1.5. Editing Database Preferences

Beforecreatinganew design,wemustensurethatthecomponentsneededfor ourJPEG
platform areaccessibleby the GUI. To do so,we edit the databasepreferencesby se-
lectingEdit� ! Preferences from themenubar.

© 2008, 13
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2.1.6. Select Database File

In the Preferences dialog, selectthe tab for Database. This will allow the userto
browsefor thedatabase�le thathasa".edb"extension.Thedatabase�le neededfor the
JPEGdemonstrationalreadycomeswith theESEinstallation.Typically, this �le will be
called"ese.edb"andwill belocatedat"/data/users/ese/local/db/ese.edb." If theselection
is not alreadythere,pleasebrowsefor the�le andpressOK. All theelelementsshould
now bevisible in thedatabasewindow, if they weren't already.

14 © 2008,
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2.2. Platf orm Creation

We will startby loadingthemulti-processordesignof theJPEGencoderinto ESE.As
mentionedearlier, we will startwith a partial platform consistingof threeMicroblaze
processors.Eachprocessorcarriesthe applicationcodefor eachprocessin the JPEG
encoder. Two Microblazeprocessorsfor "zigzag" and"huffencode"processeswill be
addedto theplatform.In thissection,wewill show how to usethedatabaseandplatform
editorcanvasto upgradeamulti-processorplatformin ESE.
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2.2.1. Open Partial Design

We begin by addingthe alreadycreatedpartial design.The ESEdesignsarestoredin
XML based�les with the extension".eds."SelectFile� ! Open from the menubar.
Browseinto the demoworking directoryandselect"jpeg_mpd_platform_partial.eds."
This is thedesignwith thepartialmulti-processordesignexample.PressOpen to open
thedesign.
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2.2.2. View Partial Design

The partial platform will appearin the canvasasshown in the above screenshot.We
canseethreeMicroblazeprocessorsCPU0 , CPU1 andCPU2 in theplatform.These
processorsareconnectedvia theOpenPeripheralBus(OPB).Therearetwo FIFOchan-
nelsin this partialdesign.Eachprocesshasits own processport andtheprocessport is
connectedthroughtheFIFO channel.For example,asshown in PEwindow, CPU0has
aprocessnamed"readbmp"andtheprocesshasa processport named"r2c_if" which is
for sendingdatafrom "readbmp"to "chendct".And the processport is connectedto a
FIFOchannelnamed"r2c" asshown in Channelwindow. Notethattheseprocessorsare
both connectedas"Masters"asindicatedby an "M" at the connectingport. Sincebus
masterscannotcommunicatedirectlyoverthebus,weprovideatransducer(Tx0) which
consistsof a FIFO controllerandFIFO memories.It actsasa sharedmemoryfor data
transferbetweenCPU0,CPU1andCPU2.
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2.2.3. Add Processing Element

Addinganew PEto theplatformis veryeasy. BrowsethedatabaseundertheProcess-
ing tabandselectMicroblaze. Now draganddroptheselectioninto theplatformcanvas.
Thenew PE of type "Microblaze"will be addedto theplatform!. We needto addtwo
new PEsfor theJPEGencoder.

18 © 2008,
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2.2.4. View PE Proper ties

After thedrag-drop,theuserwill �nd two new PEscalledPE0 andPE1 in theplatform.
ThesearethePEsthatwill hostthe"zigzag"and"huffencode"processesin thedesign.
We start by providing an appropriatenamesto the new PEsto be consistenwith the
rest of the design.To do so, right click on the PE0 box and the PE1 box and select
Properties.
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2.2.5. Assign New Name to PE

In thepropertiesdialog,changethePEnameof thePE0to "CPU3"andthatof thePE1
to "CPU4" to beconsistentwith theotherPEnames.
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2.2.6. Add Por t to PE

Thenew PEs,CPU3andCPU4arenotyetconnectedto therestof thedesign.Sincethe
applicationprocessesmeantto executeonthesePEswill needcommunicationwith pro-
cesseson otherprocessors,we mustphysicallyconnectCPU3andCPU4to theshared
OPBbus in theplatform.For this physicalconnection,eachport is requiredfor CPU3
andCPU4,respectively. To addtheport,simply right-click ontheCPU3andCPU4box
andselectAdd Port.
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2.2.7. Connect PE to Bus

Thecreatedport mustbeconnectedto theOPBbusto beableto communicatewith the
restof the system.Note that CPU3andCPU4areMicroblazecores.This meansthat
they canonly connectto theOPBbusasa Master. To connectCPU3andCPU4,right-
click on the port andselectConnect To� ! OPB0� ! M from the menuchoice.This
will createthebusconnectionandcompletetheplatformdesignstep.Next, wewill look
atapplicationinputandits mappingto thecreatedplatform.
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2.3. Mapping Application to Platf orm

Theapplicationinputmodelfor ESEis C/C++processescommunicatingthroughFIFO
channels.Sincemostlegacy applicationis written in C, this is anadvantageover other
formsof input stylesor languages.For communication,theuserdoesnot needto write
any SystemCchannelcode.ESEprovidesverysimpleAPIs for inter-processcommuni-
cationaswewill seein this section.

© 2008, 23



EmbeddedSystemEnvironment(FrontEnd):ESEVersion2.0evaluation;Tutorial

2.3.1. Add Application Process

ThePEwindow onthetopleft cornerorganizestheprocessesmappedto thevariousPEs
in thedesign.In general,severalprocessesmaybeaddedfor executionon a PEwhere
RTOSshouldbeinvolved.Theplatformwhich hassuchmulti-threadedprocessorswill
bedemonstratedin Chapter4. In this section,we assumethat thereis only oneprocess
perPE.To addanew processexecutingon CPU3,changeto theCPU3 tab. Thenright-
click andselectAdd Process. This will createa new processwith a default name.The
samegoesfor CPU4.
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2.3.2. Assign Name to New Process

Changethenameof thenew processto "zigzag".This is theprocessfor thezigzagscan
in theJPEGencoderapplication.Pleaseensurethattheprocessis namedcorrectlysince
thereexist referencesto it in theexisting partialdesign.If theprocessis not namedas
suggested,thegeneratedmodelswill not compile.Thenameof thenew processfor the
CPU4is "huffencode".
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2.3.3. Add C Sour ce File

Theprocessaddedin the laststepis only symbolic.Theusermustassociatetheactual
C/C++codewith it for themodelsto befunctionallycorrect.In thiscase,weaddC code
by right-clicking on theprocessnamein thePEwindow andselectingAdd .C File for
adding".c" �les. And wecanalsoadd".h" �les by selectingAdd .H File. Thiswill open
the�le browser.
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2.3.4. Select C Sour ce File

Go to the demo directory and follow the symbolic link to "jpeg_srcs". For the
"zigzag" proecss,selecttwo ".c" �les, "zigzag.c" and "Zigzag_aux.c",and one ".h"
�le, "Zigzag_aux.h",and then click Open. In the sameway, for the "huffencode"
process on CPU4, select three �les, "HuffEncode_aux.c","huffencode.c", and
"HuffEncode_aux.h".The�les will beaddedunderthenew processin thePEwindow.
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2.3.5. Add Process Por ts

After, the C codefor the processis added,we needto addthe applicationlevel com-
municationto thedesign.First of all, we needto addtheprocessport for eachprocess,
which will be connectedto a channelfor datatransferto anotherprocess.To addthe
processport for thenew process,click on thenew processandselecttheAdd Process
Port. This will openthe window to addthe processport. We cancreateany namefor
theprocessportandselectthetypeof it. Therearetenpossibletypes.Wecancategorize
theminto threekinds.The"Send","Receive", and"Send/Receive" areusedfor double
handshake channels.The"Read","Write", and"Read/Write"areusedfor sharedmem-
ory. And the othersarefor the FIFO channels.Finally, we needto assignits function
nameto bewhat is actuallyusedin C code.Pleaseensurethatthefunctionnameis the
sameasthat usedin C code.If the nameis not correct,the generatedmodelswill not
compile.

The"zigzag"processhastwo processports.Oneis for receiving datafrom "quantize"
processandtheotheris for sendingdatato "huffencode"process.Assigntheprocessport
nameto be"q2z_if" for theformerand"z2h_if" for thelatter. Sincewe areusingFIFO
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channels,selectthetypeto be"blocking_read"for theformerand"blocking_write"for
thelatter, respectively. Also, assignthefunctionnameto be"recv_q2z"and"send_z2h",
respectively. The"huffencode"processon CPU4hasonly oneprocessportwhich is for
receiveingdatafrom "zigzag".Its processport nameis "z2h_if" andits functionname
is "recv_z2h".Pleaseaddall theprocessportsfor all thenew processesusingthegiven
names.
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2.3.6. View Application Channels

After, theprocessport for theprocessis added,we needto createthechannelsfor the
communicationbetweenprocesses.To view theexistingchannels,click on theTx0 tab.
This will display the existing FIFO channelsbetweenprocessesin CPU0,CPU1and
CPU2, including the sourceand destinationnamesas well as the route usedto im-
plementthe channelin the communicationplatform. All the channelsin ESEcanbe
uni-directionalor bi-directionalchannels.If theuserclickson aPEin theplatformcan-
vas,all thechannelsoriginatingor terminatingat thePEwill beselected.All otherPEs
thattheclickedPEcommunicateswith will behighlightedin light yellow. All physical
connections,includingbusesandtransducersusedby thePEfor communicationwill be
highlightedin green.
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2.3.7. Add New Application Channel

Pleaseclick on CPU3andCPU4andseetheChannelwindow. We canknow that they
arecurrentlynotconnectedat theapplicationlevel to any otherPE.Sinceweneedcom-
municationbetweenthe"quantize"processin CPU2andthe"zigzag"processin CPU3,
we will addtheapplicationlevel channels,by right-clicking in thechannelwindow and
selectingAdd Channel. This will pop up the channelwizard for addingapplication
level channels.
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2.3.8. Channel Wizard

In the channelwizard dialog, we �rst needto selectthe channeltype. Choose"FIFO
Channel"sinceweareusingFIFOs.Then,assignthechannelnameto be"q2z" for con-
sistency with existingchannelsandalsoassigntheFIFOsizeto be"256" bytessincethe
processessend/receive an64-arrayintegerdataeachother. Next, sincetheprocesswill
senddatain oneway from "quantize"to "zigzag",select"Unidirectional"usingthepull
down menu.Then,usethepull down menuto selectthe�rst communicatingprocessas
"quantize"andalsousethenext pull down menuto selecttheprocessportas"q2z_if". In
thesameway, selecttheothercommunicatingprocessas"zigzag"andselecttheprocess
porstas"q2z_if". Next, selectthemappingto be"TRANSDUCER"sincewe areusing
a transducerfor the inter-processcommunication.Oncethe communicatingprocesses
andprocessportsaredecided,ESEautomatically�lters all thepossiblephysicalroutes
ontheplatformthatcanimplementthechannels.For thisexample,it showsthatthereis
only oneroutefor eachdirectionthatgoesover theOPBbusfrom thesenderPEto the
transducerTx0 andbackto thereceiverPEon theOPBbus.Theroutegoesthroughthe
transducerbecauseall PEsin theplatformareconnectedasmasters,which doesnot al-
low directcommunication.Theslave interfaceof Tx0, thusmakestheroutingpossible.
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Click Add to addthe channel.The samegoesfor the channelfor the communication
from "zigzag"to "huffencode".Pleasecreatethechannelfor its nameto be"z2h" in the
sameway.
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2.3.9. View New Channel Comm unication

The newly createdchannelswill now be visible in thechannelwindow underthe Tx0
tab. Oncethe channelsareselected,the communicatingPEswill be highlighted.This
shows that the new PEs,CPU3 and CPU4 are now "connected"with the rest of the
systemonanapplicationlevel.
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2.4. Generating Functional and Timed TLMs

Thepreviousstepscompletetheplatformandapplicationinputthatis necessaryfor gen-
erationof TLMs. Wewill show generationof two typesof SystemCTLMs. The�rst one
is calledthe"FunctionalTLM" becauseit is usedfor thevalidationof designfunctional-
ity only. It is completelyun-timedandsimulatesthedesignbasedoncausaldependency
only. A universalbuschannelis usedto modelthesystembusandthemappingof chan-
nelson thebus.

ThesecondTLM is calledthe"TimedTLM" andis usedfor performanceestimationof
thedesign.It reliesontiming datamodelsof PEsandBusesthatareavailablein theESE
database.Thedatamodelsareusedby ourestimationandannotationtechniqueto apply
"wait" statementsin theapplicationC code.Thetechniqueis retargetableandapplicable
to processorsaswell asHW IPs.A retargetablebustiming annotationmodi�es thebus
channelto apply"wait" statementsfor inter-PEcommunication.

© 2008, 35



EmbeddedSystemEnvironment(FrontEnd):ESEVersion2.0evaluation;Tutorial

2.4.1. Generate Functional TLM

After the platform andapplicationinput is complete,the functionalTLM canbe gen-
eratedautomaticallyby selectingSynthesis� ! Generate Functional TLM from the
menubar. This will generatetheSystemCcodeneededfor platformmodeling,includ-
ing PEs,busesandtransducers.Thegeneratedcodeis thencompilednatively alongwith
the C applicationcodeandlinked to the SystemClibrariesto producea singlebinary.
Thisprocesscanbeviewedin thelog window.
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2.4.2. Simulate Functional TLM

Oncethecompilationhascompleted,thegeneratedTLM canbeexecutedfrom theGUI
by selectingValidation� ! Simulate Functional TLM from themenubar.
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2.4.3. View Functional Simulation Results

The simulationpopsup a terminal that shows the picturesizeof BMP input that has
beenencoded.TheJPEGencoderweareusingdealswith BMP inputsof 640x480size.
An additionalwindow showsthepictureof theencodedJPEGwhich is theoutputof the
simulation.The pop up windows cannow be killed simply by pressing"Enter" in the
simulationloggingterminal.
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2.4.4. Generate Timed TLM

Similar to the functionalTLM generation,the Timed TLM canbe generatedautomat-
ically by selectingSynthesis� ! Generate Timed TLM from the menubar. The bus
channelsgeneratedfor timedTLM will includetiming for synchronization,arbitration
anddatatransfer. The timing parametersareimportedinto theTLM from thebusdata
model.For the computationpart,we usea retargetablesourcelevel timing estimation
techniquethat utilizes the PE datamodels.Naturally, the timed TLM generationand
compilationis signi�cantly slowerthanfunctionalTLM generation,but still in theorder
of seconds.
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2.4.5. Simulate Timed TLM

To simulatethe generatedtimed TLM, simply selectValidation� ! Simulate Timed
TLM from themenubar, aftertheTLM compilationhasended.
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2.4.6. View Timed Simulation

The timed TLM simulationlooks very similar to the functional TLM simulationex-
ceptfor onemarkeddifference.Noticethattimedsimulationis signi�cantly slowerthan
functionalTLM simulation.This is naturalsincewe aresimulationa lot more"wait"
statementsthat areannotatedto the applicationcodes.However, our resultsshow that
this is still severalordersof magnitudefasterthanRTL simulationfor thesamedesign.

Whenthe timed simulationends,several statisticaldataaredumpedin the simulation
logging terminal.Thesearethe estimatedcyclesfor CPU computationandcommuni-
cation,bus congestionestimatesandso on. However, all theseestimatedperformance
statisticscanbeviewedgraphicallyasshown in next section.
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2.5. TLM Performance Estimation

ThetimedTLM producesseveralstatisticaldatathatis gatheredduringsimulation.Since
thesourceannotationis �ne grained,theTLM producesresultsfor cyclesusedfor invo-
cationof eachfunctionin theapplicationcode.Computationandcommunicationcycles
for eachPE canbe viewed usingpie charts.The distribution of cyclesfor eachfunc-
tion amongstits sub-functionscanbebrowsedrecursively. Similarly, thedistributionof
inter-PEbustraf�c over inter-processchannelscanalsobeviewedgraphically.

Theperformanceestimatesareusefulfor earlyplatformandmappingevaluation.Since
the timed TLMs are generatedautomatically, andTLM simulationis very fast,early
designspaceexplorationbecomesfeasible.Usersmay explore platformsmanuallyor
plug in their explorationalgorithmsfor systemlevel designoptimization.
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2.5.1. View Performance Estimates

To view thePEperformancestatistics,right-click on thePEin theplatformcanvasand
selectView Graph. In this case,wewill selecttheCPU4Microblazeprocessor.
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2.5.2. PE, Process and Function Level Estimates

The�rst pie-chartwindow dividesthetotal executiontime into computation,communi-
cationandidle cycles.Double-clickingon thecomputationpartof thepiechartpopsup
the distribution of computationacrossdifferent processesin the design.In this case,
we have only 1 process"huffencode"mappedto CPU4, henceit is 100%. Double-
clicking on theprocessin thepie chartproducesthedistribution of computationacross
the top level functionsin the process.Thesefunction(s)call lower level functionsand
so on. Double-clickingon a function producesthe pie chartfor the distribution of cy-
clesamongstthesub-functioninvocations.Usingthis viewing feature,theusermaygo
down to any level in thefunctioncall hierarchy. If thepiechartappearstoosmall,please
increasethewindow sizeto enlargethechart.
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2.5.3. View Comm unication Estimates

To view thebuscommunicationstatistics,right-click on thebusin theplatformcanvas
andselectView Graph. In this case,wewill selecttheonly OPBbus.
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2.5.4. Bus and Channel Level Estimates

The top level pie-chart for the bus shows the distribution of bus cycles in idle,
program/dataaccessand inter-PE data transfer phases.Double-clicking on the
"data-transfer"part of the pie-chartproducesthe distribution of communicationtraf�c
amongstthevariousapplicationchannelsin thedesign.
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Chapter 3. Heterogeneous System Design with
ESE

This sectiondealswith designof MP3 decoderon a heterogeneousplatformconsisting
of oneMicroBlazeprocessorandfour HW accelerators.Therearetwo busesin theplat-
form.TheMicroblazeprocessorusesits compatibleOPB.Thehardwareacceleratorson
the otherhand,weremanuallydesignedandusetheir own proprietaryDoubleHand-
shake (DH) bus.Sincethetwo busprotocolsareincompatible,a transducerthatactsas
abuffer andprotocolconverter, interfacesbetweenthebuses.

TheMP3applicationcodeis availableasaC model.ThisC modelwasdividedinto � ve
processes,by separatingthe left/right channelDCT32 and IMDCT36 transformsinto
separateprocesses.Thesenew processesrunconcurrentlyto themainMP3threadsince
they aredataindependent.In this Chapter, the communicationbetweenthe processes
takesplacethroughpairsof messagepassingchannels.ESEprovideswell de�ned com-
municationAPIs for this purpose.The testbenchincludesan MP3 �le that is decoded
into a correspondingPCM �le by thedesign.Thedecodedoutputis shown graphically
duringtheTLM simulationof theMP3 decoder.

Thechapterstartsbyexplainingthesetupfor ESE.It thenshows,usingscreenshots,how
theplatformis created.To speedup thedemostration,andto emphasizeon thefeatures,
we startwith anexisting partialplatformthat is upgradedwith anadditionalprocessor.
Thenwe show theapplicationmappingon theplatform,followedby TLM generation,
simulationandperformanceestimation.Thus,we presentthe core capabilitiesof the
ESEFront-Endtools in easyplatformdesign& upgrade,modelgeneration,validation
andestimation.
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3.1. ESE Star tup and Settings

Before starting the demonstration,pleaseensurethat you have the ESE software
installedin the right location at "/home/ese/local."Also make surethat you have an
"/home/ese/local/pkg"directory containing the SystemC 2.2.0 libraries and SDL
libraries that areneededfor simulationof generatedTLMs. Also make surethat you
have GCCversion3.4or higherbecauseit is neededto correctlycompilethegenerated
TLMs. The demonstrationshown hereassumesthe userto have a bourneshell.For C
shell,theusermaycall the".csh"versionof thesetupscripts.Alternately, just use"sh"
to createanew bourneshellandfollow thetutorial directions.

48 © 2008,



EmbeddedSystemEnvironment(FrontEnd):ESEVersion2.0evaluation;Tutorial

3.1.1. Envir onment Setup

We start by setting up the environment variablesto accessESE binaries.This is
provided by the "setup.sh"script in your installation.Typically, the installationpath
would be"/home/ese/local."Thescript is in the"bin" directoryin the installation.The
scriptmodi�es your PATH environmentalvariableto includepathto ESEaswell asthe
LD_LIBRARY_PATH variableto accessthesharedlibrariesthatESEdependson.Run
thecommand"source/home/ese/local/bin/setup.sh"andcreateanew localdirectoryfor
thedemo.
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3.1.2. ESE Demonstration Setup

Oncethe environmentalvariableshave beenset,the useris readyto launchESEand
createhis or her design.For the purposesof this tutorial, we will startwith a partial
designto quickly demonstratethekey capabilitiesof thetoolset.Wehavecreatedashell
script called"esedemo_hsd.sh"that preparesa partial designto start the demofor the
MP3decoder. At thispoint,runthe"esedemo_hsd.sh"scriptafterchanginginto thelocal
directorycreatedfor thedemo.
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3.1.3. Launc hing ESE

After runningthe"esedemo_hsd.sh"script,you will noticeseveral �les in theworking
directory. Someof these�les will havea".eds"extension.They aretheESEdesign�les
for theMP3decoderdesignsthatwewill beusingfor thisdemo.Youmayalsoseelinks
to sourcedirectories.Thesepointto theC codefor theprocessesof theMP3application.
To launchtheESEGUI, simply run "ese"from yourshell.
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3.1.4. ESE GUI

TheESEGUI shouldnow appearasshown in thescreenshot.TheGUI hasseveralmenu
itemsthatweshallexploreoverthis tutorial. It is dividedinto � vewindows.Thetop left
window is the "PE" window. It organizesthe variousapplicationprocessesmappedto
PEsin the design.The mid-left window is the "Channel"window that organizesthe
variouschannelsusedfor communicationbetweenthe applicationprocesses.The tabs
representthe physicalcommunicationlinks in the platform. The bottom left window
is the "Database"window that organizesthe PE, CE, memoryandRTOS model.The
top right window is the"PlatformCanvas"on which theplatformarchitectureis edited
graphically. Thebottomright window is the"Logging" window that logsthemessages
from variousESEtools.
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3.1.5. Editing Database Preferences

Beforecreatinganew design,we mustensurethatthecomponentsneededfor ourMP3
platform areaccessibleby the GUI. To do so,we edit the databasepreferencesby se-
lectingEdit� ! Preferences from themenubar.
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3.1.6. Select Database File

In the Preferences dialog, selectthe tab for Database. This will allow the userto
browsefor thedatabase�le thathasa".edb"extension.Thedatabase�le neededfor the
MP3 demonstrationalreadycomeswith theESEinstallation.Typically, this �le will be
called"ese.edb"andwill be locatedat "/data/users/ese/local/db/ese.edb." If the selec-
tion is not alreadythere,pleasebrowsefor the �le andpressOK. The PEs,busesand
transducersshouldnow bevisible in thedatabasewindow, if they weren't already.
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3.2. Platf orm Creation

Wewill startby loadingtheheterogeneoussystemdesignof theMP3decoderinto ESE.
As mentionedearlier, we will startwith a partialplatformconsistingof oneMicroblaze
processorandthreeHW acceleratorPEs.The Microblazeprocessorcarriesthe appli-
cationcodefor all of thedecoder, exceptthe �lter processes,which arethemostcom-
putationallyintensive partsof the application.A new HW PE,customizedfor DCT32
function, will be addedto the platform. In this sectionwe will show how to usethe
databaseandplatformeditorcanvasto upgradeaheterogeneousplatformin ESE.
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3.2.1. Open Partial Design

We begin by addingthe alreadycreatedpartial design.The ESEdesignsarestoredin
XML based�les with the extension".eds."SelectFile� ! Open from the menubar.
Browse into the demoworking directory and select"mp3_hsd_platform_partial.eds."
This is thedesignwith thepartialheterogeneoussystemdesignexample.PressOpen to
openthedesign.
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3.2.2. View Partial Design

Thepartialplatformwill appearin thecanvasasshown in theabovescreenshot.Wecan
seeoneMicroblazeprocessorCPU andthreeHW �lters in theplatform.FiltersLPCM
andRPCM arefor theleft andright channelIMDCT36 transforms.Filter RFIL perform
the right channelDCT32 transform.The HW acceleratorfor the left channelDCT32
transformis missingandwill beaddedduringthisdemonstration.TheCPUconnectsto
theOPB,while the�lters connectto theDoubleHandshakeBus(DHB). Also notethat
all PEsareconnectedto their respective busesas"Masters"asindicatedby an "M" at
theconnectingport.SincetheDHB andOPBprotocolsareincompatible,we provide a
transducer(Tx1) thatactsasabuffer andprotocolconverterfor communicationbetween
theCPUandtheHW �lters.
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3.2.3. Add Processing Element

Addinganew PEto theplatformis veryeasy. BrowsethedatabaseundertheProcess-
ing tab andselectDCT32. Now draganddrop the selectioninto the centralplatform
canvas.Thenew PEof type"DCT32" will beaddedto theplatform!
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3.2.4. View PE Proper ties

After thedrag-drop,theuserwill �nd a new PEcalledPE0 in theplatform.This is the
PEthatwill hostthemissingDCT32�lter processin thedesign.We startby providing
anappropriatenameto thenew PEto beconsistenwith therestof thedesign.To doso,
right click on thePE0boxandselectProperties.
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3.2.5. Assign New Name to PE

In thepropertiesdialog,changethePEnameto "LFIL" to beconsistentwith theother
HW �lter names.
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3.2.6. Add Por t to PE

Thenew PE,LFIL is not yet connectedto the restof thedesign.Sincetheapplication
processmeantto executeon this PEwill needcommunicationwith processeson CPU,
we mustphysicallyconnectLFIL to thecompatibleDHB bus in theplatform.For this
physicalconnection,a port is requiredfor LFIL. To addtheport, simply right-click on
theLFIL boxandselectAdd Port.
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3.2.7. Connect PE to Bus

Thecreatedport mustbeconnectedto theDH busfor LFIL to beableto communicate
with therestof thesystem.LFIL connectsto DH asa Masterlike otherHW �lters do.
To connectLFIL, right-click on theport andselectConnect To� ! DH� ! M from the
menuchoice.Thiswill createthebusconnectionandcompletetheplatformdesignstep.
Next, wewill look atapplicationinputandits mappingto thecreatedplatform.
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3.3. Mapping Application to Platf orm

The applicationinput model for ESEis C/C++ processescommunicatingthroughei-
ther synchronizeddoublehandshake channelsor sharedvariables.Sincemost legacy
applicationis written in C, this is anadvantageover otherformsof input stylesor lan-
guages.For communication,theuserdoesnotneedto write any SystemCchannelcode.
ESEprovidesvery simpleAPIs for inter-processcommunicationaswe will seein this
section.
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3.3.1. Add Application Process

ThePEwindow onthetopleft cornerorganizestheprocessesmappedto thevariousPEs
in thedesign.In general,severalprocessesmaybeaddedfor executionon a PEwhere
RTOSshouldbeinvolved.Theplatformwhich hassuchmulti-threadedprocessorswill
bedemonstratedin Chapter4. In thissection,weassumethatthereis only 1 processper
PE.To adda new processexecutingon LFIL, changeto theLFIL tab. Thenright-click
andselectAdd Process. Thiswill createanew processwith adefault name.
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3.3.2. Assign Name to New Process

Changethenameof thenew processto "l�l_dct32". This is theprocessfor theleft side
DCT32transformin theMP3 stereodecoderapplication.Pleaseensurethattheprocess
is namedcorrectlysincethereexist referencesto it in theexisting partialdesign.If the
processis notnamedassuggested,thegeneratedmodelswill not compile.
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3.3.3. Add C Sour ce File

Theprocessaddedin the laststepis only symbolic.Theusermustassociatetheactual
C/C++codewith it for themodelsto befunctionallycorrect.In thiscase,weaddC code
by right-clickingon theprocessnamein thePEwindow andselectingAdd C File. This
will openthe�le browser.
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3.3.4. Select C Sour ce File

Go to the demodirectoryandfollow the symboliclink to "mp3_srcs".Selectone".c"
�le, "l�l_dct32.c", one".h" �le, "�x ed.h",andclick Open. The�les will beaddedunder
thenew "l�l_dct32" processin thePEwindow.
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3.3.5. Add Process Por ts

After, theC codefor theprocessis added,we needto addtheapplicationlevel commu-
nicationto thedesign.First of all, we addtheprocessport for eachprocess,which will
beconnectedto a channelfor datatransferto anotherprocess.To addtheprocessport
for the new process,click on the new processandselecttheAdd Process Port. This
will openthewindow to addtheprocessport. we cancreateany namefor theprocess
port andselectthetypeof it. Therearetenpossibletypes.We cancategorizetheminto
threekinds.The"Send","Receive", and"Send/Receive" areusedfor doublehandshake
channels.The"Read","Write", and"Read/Write"areusedfor sharedmemory. And the
othersarefor theFIFOchannels.Finally, weneedto assignits functionnameto bewhat
is actuallyusedin C code.Pleaseensurethatthefunctionnameis thesameasthatused
in C code.If thenameis notcorrect,thegeneratedmodelswill not compile.

The "l�l_dct32" processneedsone processport for sending/receiving data from/to
"mp3_main".Assign the processport nameto be "l�l2m" andselect"Send/Receive"
type since we are using the bi-directional double handshake channel for the
communicationbetweenthe "l�l_dct32" processand"mp3_main"process.Assignthe
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functionnamesto be"recv_P_ID_l�l_dct32_P_ID_mp3_main"for "Receive" typeand
"send_P_ID_l�l_dct32_P_ID_mp3_main"for "Send"type,respectively.
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3.3.6. View Application Channels

After the processport for the processis added,we needto createthe channelsfor the
communicationbetweenprocesses.To view the existing doublehandshake message
passingchannelsin ESE,click on the OPB tab. This will display the existing chan-
nelsbetweenall theprocessesin thedesign,includingthesourceanddestinationnames
aswell astherouteusedto implementthechannelin thecommunicationplatform.All
thechannelsin ESEareuni-directional.Bi-directionalchannelscanbeaddedasa pair
of "Forward"and"Backward"channelsconvenientlyin theGUI.
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3.3.7. Add New Application Channel

If theuserclicksonaPEin theplatformcanvas,all thechannelsoriginatingor terminat-
ing at thePEwill beselected.All otherPEsthattheclickedPEcommunicateswith will
behighlightedin light yellow. All physicalconnections,includingbusesandtransduc-
ersusedby thePE for communicationwill behighlightedin green.Note that clicking
on LFIL shows that it is not connectedat the applicationlevel to any otherPE.Since
we needcommunicationbetweenthe"l�l_dct32" processandthe"mp3_main"process
executingon CPU,we will addthe applicationlevel channels,by right-clicking in the
channelwindow andselectingAdd Channel. This will popup thechannelwizard for
addingapplicationlevel channels.
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3.3.8. Channel Wizard

In thechannelwizarddialog,we �rst needto selectthechanneltype.Choose"Process-
to-ProcessChannel"sincewe are using messagepassingchannels.Then, assignthe
nameto be "CH_CPU_LFIL" for consistency with existing channels.Since,the pro-
cesseswill senddatabothways,selecta bi-directionalchanneltype.Usethepull down
menuto selectthe�rst communicatingprocessas"mp3_main".This is theprocessrun-
ning on CPU. Next, usethe next pull down menuto selectthe othercommunicating
process"l�l_dct32." Oncethecommunicatingprocessesaredecided,ESEautomatically
�lters all thepossiblephysicalrouteson theplatformthatcanimplementthechannels.
For this examplethereis only oneroutefrom CPUto LFIL thatgoesover theOPBbus
via thetransducerTx1 andovertheDH busto thereceiverLFIL. Theroutegoesthrough
thetransducerbecauseCPUandLFIL areconnectedto differentphysicalbuses,which
doesnot allow direct communication.Similarly, thereis only oneroutefrom LFIL to
CPU.Selectthedefault routesandclick Add to addthechannels.
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3.3.9. View New Channel Comm unication

The newly createdchannelswill now be visible in thechannelwindow underthe Tx1
tab. Note that thechannelnameshave "_F" and"_B" appendedto distinguishbetween
forward andbackward channel,respectively. The usermay alternatelymake unidirec-
tional channelsoneat a time. Oncethe channelsareselected,the communicatingPEs
will behighlighted.This shows that thenew PELFIL is now "connected"with therest
of thesystemon anapplicationlevel.
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3.4. Generating Functional and Timed TLMs

Thepreviousstepscompletetheplatformandapplicationinputthatis necessaryfor gen-
erationof TLMs. Wewill show generationof two typesof SystemCTLMs. The�rst one
is calledthe"FunctionalTLM" becauseit is usedfor thevalidationof designfunctional-
ity only. It is completelyun-timedandsimulatesthedesignbasedoncausaldependency
only. A universalbuschannelis usedto modelthesystembusandthemappingof chan-
nelson thebus.

ThesecondTLM is calledthe"TimedTLM" andis usedfor performanceestimationof
thedesign.It reliesontiming datamodelsof PEsandBusesthatareavailablein theESE
database.Thedatamodelsareusedby ourestimationandannotationtechniqueto apply
"wait" statementsin theapplicationC code.Thetechniqueis retargetableandapplicable
to processorsaswell asHW IPs.A retargetablebustiming annotationmodi�es thebus
channelto apply"wait" statementsfor inter-PEcommunication.
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3.4.1. Generate Functional TLM

After the platform andapplicationinput is complete,the functionalTLM canbe gen-
eratedautomaticallyby selectingSynthesis� ! Generate Functional TLM from the
menubar. This will generatetheSystemCcodeneededfor platformmodeling,includ-
ing PEs,busesandtransducers.Thegeneratedcodeis thencompilednatively alongwith
the C applicationcodeandlinked to the SystemClibrariesto producea singlebinary.
Thisprocesscanbeviewedin thelog window.
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3.4.2. Simulate Functional TLM

Oncethecompilationhascompleted,thegeneratedTLM canbeexecutedfrom theGUI
by selectingValidation� ! Simulate Functional TLM from themenubar.
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3.4.3. View Functional Simulation Results

Thesimulationpopsup a terminalthat logs thenumberof MP3 framesthathave been
decoded.An additionalwindow shows the simulationprogressframeby frame.Each
decodedMP3 frameproducesPCM outputthat canbe fed to the audiooutput.They-
axis valuesin the PCM outputview shows the decodedvalues.The logging of PCM
outputstopsonceall the frameshave beendecoded.The popup windows cannow be
killed simplyby pressing"Enter" in thesimulationloggingterminal.
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3.4.4. Generate Timed TLM

Similar to the functionalTLM generation,the Timed TLM canbe generatedautomat-
ically by selectingSynthesis� ! Generate Timed TLM from the menubar. The bus
channelsgeneratedfor timedTLM will includetiming for synchronization,arbitration
anddatatransfer. The timing parametersareimportedinto theTLM from thebusdata
model.For the computationpart,we usea retargetablesourcelevel timing estimation
techniquethat utilizes the PE datamodels.Naturally, the timed TLM generationand
compilationis signi�cantly slowerthanfunctionalTLM generation,but still in theorder
of seconds.
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3.4.5. Simulate Timed TLM

To simulatethe generatedtimed TLM, simply selectValidation� ! Simulate Timed
TLM from themenubar, aftertheTLM compilationhasended.
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3.4.6. View Timed Simulation

The timed TLM simulationlooks very similar to the functional TLM simulationex-
ceptfor somemarked differences.Firstly, noticethat timed simulationis signi�cantly
slower than functionalTLM simulation.This is naturalsincewe aresimulationa lot
more"wait" statementsthatareannotatedto theapplicationcodes.However, our results
show that this is still several ordersof magnitudefasterthan RTL simulationfor the
samedesign.Secondly, notethat the X-axis on the PCM viewing window now shows
estimatedcyclesinsteadof framenumbers.This is becausetheestimatedcyclesfor each
frameareavailableat runtimeasa resultof oursourcelevel "wait" annotations.

Whenthe timed simulationends,several statisticaldataaredumpedin the simulation
logging terminal.Thesearethe estimatedcyclesfor CPU computationandcommuni-
cation,bus congestionestimatesandso on. However, all theseestimatedperformance
statisticscanbeviewedgraphicallyasshown in next section.

80 © 2008,



EmbeddedSystemEnvironment(FrontEnd):ESEVersion2.0evaluation;Tutorial

3.5. TLM Performance Estimation

ThetimedTLM producesseveralstatisticaldatathatis gatheredduringsimulation.Since
thesourceannotationis �ne grained,theTLM producesresultsfor cyclesusedfor invo-
cationof eachfunctionin theapplicationcode.Computationandcommunicationcycles
for eachPE canbe viewed usingpie charts.The distribution of cyclesfor eachfunc-
tion amongstits sub-functionscanbebrowsedrecursively. Similarly, thedistributionof
inter-PEbustraf�c over inter-processchannelscanalsobeviewedgraphically.

Theperformanceestimatesareusefulfor earlyplatformandmappingevaluation.Since
the timed TLMs are generatedautomatically, andTLM simulationis very fast,early
designspaceexplorationbecomesfeasible.Usersmay explore platformsmanuallyor
plug in their explorationalgorithmsfor systemlevel designoptimization.
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3.5.1. View Performance Estimates

To view thePEperformancestatistics,right-click on thePEin theplatformcanvasand
selectView Graph. In this case,wewill selecttheCPUMicroblazeprocessor.
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3.5.2. PE, Process and Function Level Estimates

The�rst pie-chartwindow dividesthetotal executiontime into computation,communi-
cationandidle cycles.Double-clickingon thecomputationpartof thepiechartpopsup
thedistributionof computationacrossdifferentprocessesin thedesign.In this case,we
haveonly 1 process"mp3_main"mappedto CPU,henceit is 100%.Double-clickingon
theprocessin thepiechartproducesthedistributionof computationacrossthetop level
functionsin theprocess.Thesefunction(s)call lower level functionsandsoon.Double-
clicking on a functionproducesthepie chartfor thedistribution of cyclesamongstthe
sub-functioninvocations.Usingthisviewing feature,theusermaygodown to any level
in the function call hierarchy. If the pie chart appearstoo small, pleaseincreasethe
window sizeto enlargethechart.
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3.5.3. View Comm unication Estimates

To view thebuscommunicationstatistics,right-click on thebusin theplatformcanvas
andselectView Graph. In this case,wewill selecttheOPBbus.
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3.5.4. Bus and Channel Level Estimates

The top level pie-chart for the bus shows the distribution of bus cycles in idle,
program/dataaccessand inter-PE data transfer phases.Double-clicking on the
"data-transfer"part of the pie-chartproducesthe distribution of communicationtraf�c
amongstthevariousapplicationchannelsin thedesign.
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Chapter 4. Multi-threaded System Design with
ESE

This sectiondealswith designof JPEGencoderon a platformconsistingof two multi-
threadedMicroBlazeprocessorsandoneOPB.TheJPEGapplicationcodeis available
asa C model.The JPEGencoderhas� ve processes.Threeprocessesaremappedinto
oneprocessorandtwo processesaremappedinto the otherprocessor. Sincethey are
multi-threaedin aprocessor, weneedaRTOSmodelto controlandscheduletheexecu-
tion of theprocesses.ESEprovidestwo kindsof schedulingpolicies,Round-Robinand
Priority-basedscheduling.Userscanselectoneout of the two policies.Thecommuni-
cationbetweenthe processescantake placethroughpairsof variouschannelssuchas
process-to-process(or point-to-point)massege passingchannel,sharedmemorychan-
nelandFIFOchannel.In thissection,all thechannelsin theJPEGencoderarevia FIFO
channels.ESEprovideswell de�nedcommunicationAPIsfor thispurpose.Theencoded
outputis shown graphicallyduringtheTLM simulationof theJPEGencoder.

Thechapterstartsbyexplainingthesetupfor ESE.It thenshows,usingscreenshots,how
theplatformis created.To speedup thedemostration,andto emphasizeon thefeatures,
we start with an existing partial platform that is upgradedwith additionalprocessors
anda bus.Thenwe show the applicationmappingon the platform, followedby TLM
generation,simulationandperformanceestimation.Thus,we presentthecorecapabil-
ities of theESEFront-Endtools in easyplatformdesign& upgrade,modelgeneration,
validationandestimation.
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4.1. ESE Star tup and Settings

Before startingthe demonstration,pleaseensurethat you have the ESE software in-
stalled in the right location at "/home/ese/local."Also make sure that you have an
"/home/ese/local"directory containingthe SystemC2.2.0 libraries and SDL libraries
thatareneededfor simulationof generatedTLMs. Also make surethatyou have GCC
version3.4or higherbecauseit is neededto correctlycompilethegeneratedTLMs. The
demonstrationshown hereassumestheuserto haveabourneshell.For C shell,theuser
maycall the".csh"versionof thesetupscripts.Alternately, justuse"sh" to createanew
bourneshellandfollow thetutorialdirections.
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4.1.1. Envir onment Setup

We start by setting up the environment variablesto accessESE binaries.This is
provided by the "setup.sh"script in your installation.Typically, the installationpath
would be"/home/ese/local."Thescript is in the"bin" directoryin the installation.The
scriptmodi�es your PATH environmentalvariableto includepathto ESEaswell asthe
LD_LIBRARY_PATH variableto accessthesharedlibrariesthatESEdependson.Run
thecommand"source/home/ese/local/bin/setup.sh"andcreateanew localdirectoryfor
thedemo.
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4.1.2. ESE Demonstration Setup

Oncethe environmentalvariableshave beenset,the useris readyto launchESEand
createhis or her design.For the purposesof this tutorial, we will startwith a partial
designto quickly demonstratethekey capabilitiesof thetoolset.Wehavecreatedashell
script called"esedemo_mtd.sh"thatpreparesa partial designto startthe demofor the
JPEGencoder. At this point, run the "esedemo_mtd.sh"script after changinginto the
local directorycreatedfor thedemo.
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4.1.3. Launc hing ESE

After runningthe"esedemo_mtd.sh"script,you will noticeseveral �les in theworking
directory. Someof these�les will have a ".eds" extension.They are the ESE design
�les for the JPEGencoderdesignthat we will be using for this demo.You may also
seelinks to sourcedirectories.Thesepoint to theC codefor theprocessesof theJPEG
application.To launchtheESEGUI, simply run "ese"from your shell.
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4.1.4. ESE GUI

TheESEGUI shouldnow appearasshown in thescreenshot.TheGUI hasseveralmenu
itemsthatweshallexploreoverthis tutorial. It is dividedinto � vewindows.Thetop left
window is the "PE" window. It organizesthe variousapplicationprocessesmappedto
PEsin the design.The mid-left window is the "Channel"window that organizesthe
variouschannelsusedfor communicationbetweenthe applicationprocesses.The tabs
representthe physicalcommunicationlinks in the platform. The bottom left window
is the "Database"window that organizesthe PE, CE, memoryandRTOS model.The
top right window is the"PlatformCanvas"on which theplatformarchitectureis edited
graphically. Thebottomright window is the"Logging" window that logsthemessages
from variousESEtools.
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4.1.5. Editing Database Preferences

Beforecreatinganew design,wemustensurethatthecomponentsneededfor ourJPEG
platform areaccessibleby the GUI. To do so,we edit the databasepreferencesby se-
lectingEdit� ! Preferences from themenubar.
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4.1.6. Select Database File

In the Preferences dialog, selectthe tab for Database. This will allow the userto
browsefor thedatabase�le thathasa".edb"extension.Thedatabase�le neededfor the
JPEGdemonstrationalreadycomeswith theESEinstallation.Typically, this �le will be
called"ese.edb"andwill belocatedat"/data/users/ese/local/db/ese.edb." If theselection
is not alreadythere,pleasebrowsefor the�le andpressOK. All theelelementsshould
now bevisible in thedatabasewindow, if they weren't already.
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4.2. Platf orm Creation

Wewill startby loadingthedesignof theJPEGencoderinto ESE.As mentionedearlier,
wewill startwith apartialplatformconsistingof onemulti-threadedMicroblazeproces-
sorandoneOPB.Theprocessorcarriestheapplicationcodefor threeprocessesin the
JPEGencoder. OneMicroblazeprocessorfor "zigzag"and"huffencode"processeswill
beaddedto theplatformandthenthetwo processeswill bemulti-threadedby addinga
RTOSmodel.In this section,we will show how to usethedatabaseandplatformeditor
canvasandhow to upgradea platformin ESE.
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4.2.1. Open Partial Design

We begin by addingthe alreadycreatedpartial design.The ESEdesignsarestoredin
XML based�les with the extension".eds."SelectFile� ! Open from the menubar.
Browse into the demoworking directoryandselect"jpeg_mtd_platform_partial.eds."
This is thedesignwith thepartialdesignexampleincludingRTOS.PressOpen to open
thedesign.
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4.2.2. View Partial Design

Thepartialplatformwill appearin thecanvasasshown in theabovescreenshot.Wecan
seeonemulti-threadedMicroblazeprocessorsCPU0 in theplatform.Theprocessoris
connectedvia theOpenPeripheralBus(OPB).Therearetwo localFIFOchannelsin this
partialdesign.Eachprocesshasits own processport andtheprocessport is connected
throughtheFIFO channel.For example,asshown in PEwindow, CPU0hasthreepro-
cesses,"readbmp","chendct"and"huffencode".Among them,the "readbmp"process
hasaprocessport which is for sendingdatafrom "readbmp"to "chendct".And thepro-
cessport is connectedto a local FIFO channelnamed"r2c" asshown at thebottomin
PEwindow. Sincethischannelis for theintra-processcommunicationin aprocessor, the
channelis locatedto a local memoryandis shown in the PE window not the Channel
window which only shows thechannelsfor theinter-processcommunication.Notethat
the processoris both connectedas"Master" asindicatedby an "M" at the connecting
port. Sincebus mastercannotcommunicatedirectly over the bus,we provide a trans-
ducer(Tx0) whichconsistsof aFIFOcontrollerandFIFOmemories.It actsasashared
memoryfor datatransferbetweenCPU0andCPU1.
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4.2.3. Add Processing Element

Addinganew PEto theplatformis veryeasy. BrowsethedatabaseundertheProcess-
ing tabandselectMicroblaze. Now draganddroptheselectioninto theplatformcanvas.
Thenew PEof type"Microblaze"will beaddedto theplatform!.
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4.2.4. View PE Proper ties

After the drag-drop,the userwill �nd the new PE calledPE0 in the platform.This is
thePEthatwill hostthe"zigzag"and"huffencode"processesin thedesign.We startby
providing anappropriatenameto thenew PEto beconsistenwith therestof thedesign.
To doso,right click on thePE0box andselectProperties.
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4.2.5. Assign New Name to PE

In thepropertiesdialog,changethePEnameof thePE0to "CPU1"to beconsistentwith
theotherPEnames.
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4.2.6. Add Por t to PE

Thenew PEs,CPU1is notyet connectedto therestof thedesign.Sincetheapplication
processesmeantto executeon thePEwill needcommunicationwith processesonother
processor, wemustphysicallyconnectCPU1to thesharedOPBbusin theplatform.For
thisphysicalconnection,aport is requiredfor CPU1.To addtheport,simplyright-click
on theCPU1boxandselectAdd Port.
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4.2.7. Connect PE to Bus

The createdport mustbe connectedto the OPB bus to be able to communicatewith
therestof thesystem.NotethatCPU1is Microblazecore.This meansthat it canonly
connectto theOPBbusasaMaster. To connectCPU1,right-click on theportandselect
Connect To� ! OPB0� ! M from themenuchoice.Thiswill createthebusconnection
andcompletethe platform designstep.Next, we will look at applicationinput andits
mappingto thecreatedplatform.
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4.3. Mapping Application to Platf orm

Theapplicationinputmodelfor ESEis C/C++processescommunicatingthroughFIFO
channels.Sincemostlegacy applicationis written in C, this is anadvantageover other
formsof input stylesor languages.For communication,theuserdoesnot needto write
any SystemCchannelcode.ESEprovidesverysimpleAPIs for inter-processcommuni-
cationaswewill seein this section.
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4.3.1. Add Application Process

The PE window on the top left cornerorganizesthe processesmappedto the various
PEsin thedesign.To adda new processexecutingon CPU1,changeto theCPU1 tab.
Thenright-click andselectAdd Process. This will createanew processwith a default
name.
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4.3.2. Assign Name to New Process

Changethenameof thenew processto "zigzag".This is theprocessfor thezigzagscan
in theJPEGencoderapplication.Pleaseensurethattheprocessis namedcorrectlysince
thereexist referencesto it in theexisting partialdesign.If theprocessis not namedas
suggested,thegeneratedmodelswill notcompile.Createonemoreprocessfor its name
to be"huffencoder"in thesameway.

© 2008, 105



EmbeddedSystemEnvironment(FrontEnd):ESEVersion2.0evaluation;Tutorial

4.3.3. Add C Sour ce File

Theprocessaddedin the laststepis only symbolic.Theusermustassociatetheactual
C/C++codewith it for themodelsto befunctionallycorrect.In thiscase,weaddC code
by right-clicking on theprocessnamein thePEwindow andselectingAdd .C File for
adding".c" �les. And wecanalsoadd".h" �les by selectingAdd .H File. Thiswill open
the�le browser.
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4.3.4. Select C Sour ce File

Go to thedemodirectoryandfollow thesymboliclink to "jpeg_srcs".For the"zigzag"
proecss,select two ".c" �les, "zigzag.c" and "Zigzag_aux.c" ,and one ".h" �le,
"Zigzag_aux.h",andthenclick Open. In the sameway, for the "huffencode"process,
selectthree�les, "HuffEncode_aux.c","huffencode.c",and"HuffEncode_aux.h".The
�les will beaddedunderthenew processin thePEwindow.
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4.3.5. Add Process Por ts

After, the C codefor the processis added,we needto addthe applicationlevel com-
municationto thedesign.First of all, we needto addtheprocessport for eachprocess,
which will be connectedto a channelfor datatransferto anotherprocess.To addthe
processport for thenew process,click on thenew processandselecttheAdd Process
Port. This will openthe window to addthe processport. We cancreateany namefor
theprocessportandselectthetypeof it. Therearetenpossibletypes.Wecancategorize
theminto threekinds.The"Send","Receive", and"Send/Receive" areusedfor double
handshake channels.The"Read","Write", and"Read/Write"areusedfor sharedmem-
ory. And the othersarefor the FIFO channels.Finally, we needto assignits function
nameto bewhat is actuallyusedin C code.Pleaseensurethatthefunctionnameis the
sameasthat usedin C code.If the nameis not correct,the generatedmodelswill not
compile.

The"zigzag"processhastwo processports.Oneis for receiving datafrom "quantize"
processandthe other is for sendingdatato "huffencode"process.Assignthe process
port nameto be "q2z_if" for the former and "z2h_if" for the latter. Sincewe areus-
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ing FIFO channels,selectthe type to be "blocking_read"for the former and "block-
ing_write" for the latter, respectively. Also, assignthe functionnameto be"recv_q2z"
and"send_z2h",respectively. The"huffencode"processhasonly oneprocessportwhich
is for receiveingdatafrom "zigzag". Its processport nameis "z2h_if" andits function
nameis "recv_z2h".Pleaseaddall theprocessportsfor all thenew processesusingthe
givennames.
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4.3.6. View Application Channels

After, theprocessport for theprocessis added,we needto createthechannelsfor the
communicationbetweenprocesses.To view the existing channels,click on the CPU0
tab in PE window. This will displaythe existing FIFO channelsbetweenprocessesin
CPU0,includingthesourceanddestinationnamesaswell astherouteusedto implement
thechannelin thecommunicationplatform.In thepartialplatform,thereexist only local
FIFO channelsfor intra-processcommunication.All the channelsin ESEcanbe uni-
directionalor bi-directionalchannels.If theuserclicks on a PEin theplatformcanvas,
all the channelsoriginating or terminatingat the PE will be selected.All other PEs
thattheclickedPEcommunicateswith will behighlightedin light yellow. All physical
connections,includingbusesandtransducersusedby thePEfor communicationwill be
highlightedin green.
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4.3.7. Add New Application Channel

Pleaseclick onCPU1andseetheChannelwindow. Wecanknow thatthey arecurrently
notconnectedattheapplicationlevel to any otherPE.Sinceweneedcommunicationbe-
tweenthe"quantize"processin CPU0andthe"zigzag"processin CPU1,wewill addthe
applicationlevel channels,by right-clicking in thechannelwindow andselectingAdd
Channel. Thiswill popup thechannelwizardfor addingapplicationlevel channels.
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4.3.8. Channel Wizard for Inter -Process Comm unication

In the channelwizard dialog, we �rst needto selectthe channeltype. Choose"FIFO
Channel"sinceweareusingFIFOs.Then,assignthechannelnameto be"q2z" for con-
sistency with existingchannelsandalsoassigntheFIFOsizeto be"256" bytessincethe
processessend/receive an64-arrayintegerdataeachother. Next, sincetheprocesswill
senddatain oneway from "quantize"to "zigzag",select"Unidirectional"usingthepull
down menu.Then,usethepull down menuto selectthe�rst communicatingprocessas
"quantize"andalsousethenext pull down menuto selecttheprocessportas"q2z_if". In
thesameway, selecttheothercommunicatingprocessas"zigzag"andselecttheprocess
porstas"q2z_if". Next, selectthemappingto be"TRANSDUCER"sincewe areusing
a transducerfor the inter-processcommunication.Oncethe communicatingprocesses
andprocessportsaredecided,ESEautomatically�lters all thepossiblephysicalroutes
ontheplatformthatcanimplementthechannels.For thisexample,it showsthatthereis
only oneroutefor eachdirectionthatgoesover theOPBbusfrom thesenderPEto the
transducerTx0 andbackto thereceiverPEon theOPBbus.Theroutegoesthroughthe
transducerbecauseall PEsin theplatformareconnectedasmasters,which doesnot al-
low directcommunication.Theslave interfaceof Tx0, thusmakestheroutingpossible.
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Click Add to addthechannel.
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4.3.9. Channel Wizard for Intra-Pr ocess Comm unication

In orderto addthechannelfor thecommunicationbetween"zigzag"and"huffencode",
right-click in theChannelwindow andselectAdd Channel. In thechannelwizarddi-
alog,assignthe channelnameto be "z2h". From the next step,everythingis thesame
astheprevioussectionexceptthechannelmappingandroute.Sinceit is for the intra-
communcation,themappingandroutewill beautomaticallysetto "LOCAL ACCESS"
asshown in the above screenshot.Selectthe default mappingandroute.Finally, click
Add to addthechannel.
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4.3.10. View New Channel Comm unication

The newly createdchannelswill now be visible in thechannelwindow undertheTx0
tab. Oncethe channelsareselected,the communicatingPEswill be highlighted.This
shows that the new PE, CPU1 is now "connected"with the restof the systemon an
applicationlevel.
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4.3.11. Add RTOS

As mentionedbefore,sinceCPU1hasmorethanoneprocessandtheproecessesshould
be multi-threaded,we needa RTOS model to control the executionof the processes.
To add the RTOS model,right-click on the PE box andselectProperties. Then,en-
ableRTOSby clicking thesmallsqarebox.Therearetwo schedulingpolicies,"Round-
Robin"and"Priority". Selectonefrom thetwo schedulingpolicies.If youselect"Prior-
ity" scheduling,thenthepriority of theprocessesin thePEwill beshown in order. Users
canchangethepriority by usingthearrow buttonslocatedat theright side.
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4.4. Generating Functional and Timed TLMs

Thepreviousstepscompletetheplatformandapplicationinputthatis necessaryfor gen-
erationof TLMs. Wewill show generationof two typesof SystemCTLMs. The�rst one
is calledthe"FunctionalTLM" becauseit is usedfor thevalidationof designfunctional-
ity only. It is completelyun-timedandsimulatesthedesignbasedoncausaldependency
only. A universalbuschannelis usedto modelthesystembusandthemappingof chan-
nelson thebus.

ThesecondTLM is calledthe"TimedTLM" andis usedfor performanceestimationof
thedesign.It reliesontiming datamodelsof PEsandBusesthatareavailablein theESE
database.Thedatamodelsareusedby ourestimationandannotationtechniqueto apply
"wait" statementsin theapplicationC code.Thetechniqueis retargetableandapplicable
to processorsaswell asHW IPs.A retargetablebustiming annotationmodi�es thebus
channelto apply"wait" statementsfor inter-PEcommunication.
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4.4.1. Generate Functional TLM

After the platform andapplicationinput is complete,the functionalTLM canbe gen-
eratedautomaticallyby selectingSynthesis� ! Generate Functional TLM from the
menubar. This will generatetheSystemCcodeneededfor platformmodeling,includ-
ing PEs,busesandtransducers.Thegeneratedcodeis thencompilednatively alongwith
the C applicationcodeandlinked to the SystemClibrariesto producea singlebinary.
Thisprocesscanbeviewedin thelog window.
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4.4.2. Simulate Functional TLM

Oncethecompilationhascompleted,thegeneratedTLM canbeexecutedfrom theGUI
by selectingValidation� ! Simulate Functional TLM from themenubar.
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4.4.3. View Functional Simulation Results

The simulationpopsup a terminalthat shows the picturesizeof BMP input thathave
beenencoded.TheJPEGencoderweareusingdealswith BMP inputsof 640x480size.
An additionalwindow showsthepictureof theencodedJPEGwhich is theoutputof the
simulation.The pop up windows cannow be killed simply by pressing"Enter" in the
simulationloggingterminal.
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4.4.4. Generate Timed TLM

Similar to the functionalTLM generation,the Timed TLM canbe generatedautomat-
ically by selectingSynthesis� ! Generate Timed TLM from the menubar. The bus
channelsgeneratedfor timedTLM will includetiming for synchronization,arbitration
anddatatransfer. The timing parametersareimportedinto theTLM from thebusdata
model.For the computationpart,we usea retargetablesourcelevel timing estimation
techniquethat utilizes the PE datamodels.Naturally, the timed TLM generationand
compilationis signi�cantly slowerthanfunctionalTLM generation,but still in theorder
of seconds.
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4.4.5. Simulate Timed TLM

To simulatethe generatedtimed TLM, simply selectValidation� ! Simulate Timed
TLM from themenubar, aftertheTLM compilationhasended.
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4.4.6. View Timed Simulation

The timed TLM simulationlooks very similar to the functional TLM simulationex-
ceptfor onemarkeddifference.Noticethattimedsimulationis signi�cantly slowerthan
functionalTLM simulation.This is naturalsincewe aresimulationa lot more"wait"
statementsthat areannotatedto the applicationcodes.However, our resultsshow that
this is still severalordersof magnitudefasterthanRTL simulationfor thesamedesign.

Whenthe timed simulationends,several statisticaldataaredumpedin the simulation
logging terminal.Thesearethe estimatedcyclesfor CPU computationandcommuni-
cation,bus congestionestimatesandso on. However, all theseestimatedperformance
statisticscanbeviewedgraphicallyasshown in next section.
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4.5. TLM Performance Estimation

ThetimedTLM producesseveralstatisticaldatathatis gatheredduringsimulation.Since
thesourceannotationis �ne grained,theTLM producesresultsfor cyclesusedfor invo-
cationof eachfunctionin theapplicationcode.Computationandcommunicationcycles
for eachPE canbe viewed usingpie charts.The distribution of cyclesfor eachfunc-
tion amongstits sub-functionscanbebrowsedrecursively. Similarly, thedistributionof
inter-PEbustraf�c over inter-processchannelscanalsobeviewedgraphically.

Theperformanceestimatesareusefulfor earlyplatformandmappingevaluation.Since
the timed TLMs are generatedautomatically, andTLM simulationis very fast,early
designspaceexplorationbecomesfeasible.Usersmay explore platformsmanuallyor
plug in their explorationalgorithmsfor systemlevel designoptimization.
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4.5.1. View Performance Estimates

To view thePEperformancestatistics,right-click on thePEin theplatformcanvasand
selectView Graph. In this case,wewill selecttheCPU1Microblazeprocessor.
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4.5.2. PE, Process and Function Level Estimates

The�rst pie-chartwindow dividesthetotal executiontime into computation,communi-
cationandidle cycles.Double-clickingon thecomputationpartof thepiechartpopsup
the distribution of computationacrossdifferent processesin the design.In this case,
we have only two processes,"zigzag" and "huffencode"mappedto CPU1. Double-
clicking on theprocessin thepie chartproducesthedistribution of computationacross
the top level functionsin the process.Thesefunction(s)call lower level functionsand
so on. Double-clickingon a function producesthe pie chartfor the distribution of cy-
clesamongstthesub-functioninvocations.Usingthis viewing feature,theusermaygo
down to any level in thefunctioncall hierarchy. If thepiechartappearstoosmall,please
increasethewindow sizeto enlargethechart.
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4.5.3. View Comm unication Estimates

To view thebuscommunicationstatistics,right-click on thebusin theplatformcanvas
andselectView Graph. In this case,wewill selecttheonly OPBbus.
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4.5.4. Bus and Channel Level Estimates

The top level pie-chart for the bus shows the distribution of bus cycles in idle,
program/dataaccessand inter-PE data transfer phases.Double-clicking on the
"data-transfer"part of the pie-chartproducesthe distribution of communicationtraf�c
amongstthevariousapplicationchannelsin thedesign.
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Chapter 5. Conc lusion

In this tutorial we presentedtheESEFront-Enddesignmethodologyandtool set.ESE
producestwo typesof TLMs; onefor untimedfunctionalveri�cation anda timedTLM
for performanceestimation.TheC/C++andgraphicalinputnotonly allowsnon-experts
to createsystemmodels,but it alsosupportsreuseof legacy codefor productupgrades.
TheTLMs generatedby ESEFront-Endcanbesynthesizedinto boardprototypemodels
by ESEBack-End.This featureis notavailablein any commercialor academicoffering.

To draw theconclusion,ESEenablesembeddedsystemdevelopersto usethefollowing
powerful advantagesthathaveneverbeenavailablebefore.

1. Automatic TLM generation.

New TLMs aregeneratedautomaticallyfrom amappingof C/C++applicationto an
abstractgraphicalplatform.This meansthatthedesignermayuseexistingapplica-
tion codeandmapit to differentplatformswithout having to manuallymodify any
SystemCcode.

2. Eliminates SLDL learning.

ESE eliminatestheneedfor system-level designlanguagesto belearntby thede-
signer. Only theknowledgeof C for creatingapplicationspeci�cationis required.

3. Enablesnon-expertsto design.

Thisalso enablesnon-expertsto design systems.Thereis noneedfor thedesigner
to worry aboutdesigndetailslikeprotocoltiming diagrams,low level interfacesetc.
Consequently, softwaredeveloperscandesignsystems.

4. Supports platforms.

ESEis greatfor platformbaseddesign. Systemplatformscanbegraphicallycre-
atedandmodi�ed. Pre-existing platformscanbereusedandupgraded.All of these
tasksareorthogonalto theapplicationdevelopmentitself.

5. Customizedmethodology.
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ESEcanalsobe customizedto any methodology asper the designer's choiceof
components,systemarchitecture,modelsandlevelsof abstraction.

6. EnablesIP reuse.

ESEsimpli�es IP reuseto agreatextentby allowing importof RTL componentsat
systemlevel. With C modelsof theIP, thedesignercangeneratehigh speedTLMs
for veri�cation andperformanceestimation.

7. Supports interoperability.

ESEsupports interoperability with industrystandard languagesand tools . The
input is C/C++ which is the languageof choicefor embeddedapplications.The
outputis SystemCwhich is thede-factosystemlevel designlanguage.TheBack-
Endin ESEallowsgenerationRTL blocksfrom C codeusingthird partyhigh level
synthesistools,suchasForte.The�nal outputof ESEBack-Endis aXilinx project
thatcanbeinput to theXilinx EmbeddedDevelopmentKit (EDK) for pushbutton
FPGAprototyping.
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