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Chapter 1. Introduction

The basicpurposeof this tutorial is to guidea userthroughour EmbeddedsystemEn-
vironment(ESE) Front End. ESE helpsdesignergo take C/C++ applicationprocesses
and graphicalplatform captureand automaticallyproduceTransactionLevel Models
(TLMs) for functionalveri cation andperformancesstimation. Extensve information
aboutESEandits projectedimpacton embeddedystemdesignprocessess available
on our websiteat htt://www.cecs.uci.edu/~ese

Thetutorial demostrateE SEFrontEndbeingusedfor TLM generatiorusingthe JPEG
encoderandMP3 decodemapplicationsThreeplatformsare usedfor this purposeThe
rst platformconsistsof ve microprocessorsonnectedsia a sharedous andcommu-
nicating eachotherusinga memoryarchitecture This platform is representatie of a
multi-processodesignwhereall componentsare programmableThe secondplatform
demonstratessageof ESEfor heterogeneousystemdesignwith one microprocessor
andfour HW acceleratorsThe HW IntellectualPropertieqIPs) have a proprietarybus
protocolwhich requiresa protocolcorvertorbetweerthe processobusandIP bus.The
last platformshastwo multi-threadedmicroprocessorso which several processesire
mappedthusit needsa Real-Time OperatingSystem(RTOS) modelto control the ex-
ecutionof the processe@ a microprocessorThe designexamplesshaw the versatility
of ESE,whichis ahugebene t over manuallywritten virtual platforms.

The tutorial givesa stepby stepillustration of using ESE Front End. Screenshotsf
the GraphicalUser Interface (GUI) are presentedo aid the userin usingthe various
featuresof ESE.Pleasenotethat, dependingon your speci ¢ versionof ESEandyour
systemsettingsthe screershotsshownn in this documeninay be slightly differentfrom
theactualdisplayon your screenThescreenshotat eachdesignsteparesupplemented
with brief obsenationsaboutthe speci ¢ ESE feature.This would help the designer
to gainaninsightinto the designprocessnsteadof merelyfollowing the demostration
stepsWe wind up thetutorial with a conclusionandreferences.

1.1. Motiv ation

Therisein compleity of moderndesignhasforcedsystemdesignergo move to higher
levelsof abstractiorabove RegisterTransferLevel (RTL) andtraditionalcycle accurate
design.ThereforemodelssuchasTLMs thatprovide maryfold speedumver RTL sim-
ulation are being used.However, in orderfor TLMs to be synthesizabléo Hardware
(HW) and Software (SW) implementationthey mustfollow well de ned semantics.
Thesesemanticsare currently missingin the industryand TLM standardsMoreover,
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enforcingsemanticss not easywith manualmodeling.

Secondlyembeddeapplicationdeveloperscomefrom avarietyof differentengineering
backgroundsindarenot necessarilyadeptat electronicdeign. Model automatiortools
are neededor suchdevelopersso thatthey do not needto learnmodelinglanguages
suchasSystemC.

Thirdly, businessethat useexternalsuppliersfor their embeddedystemdesignsneed
unabmiguougxecutablespeci cationsfor designhand-of. An even betterproposition
would beto build pre-siliconboardprototypesn house.This would reducethe chances
for mis-communicationn requiremenspeci cationandleadto a morerobust design
processConsequentlytools are requiredthat take abstractapplicationsand platforms
andquikcly producefastTLMs andboardprototypes.

It is with thesechallengesn mind that we have comeup with ESE that takes off the
drudgeryof manualmodelingfrom systemdesignersit enableshon-epertsto create
systemmodelsandgeneratdoardprototypesusinga corvenientgraphicalinterface.

1.2. Embedded System Environment

o
s
g

User ser
Interface Interface
(DUIy (VuI)

C+RTL

Figure 1-1. ES Environment

ESE consistsof a Front-Endand a Back-Endsupportedoy two interfacesasshavn in

2 © 2008,
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Sectionl.2 EmbeddedystenErnvironmentpage2). The Front-Endconsistof System
Capture,which is a GUI for capturingthe de nition of the platform architectureand
productapplicationcode.PlatformDevelopmentool generateimed TLMs of theplat-
form architectureexecutingthe productapplicationde ned by the capturetool. These
timed TLMs provide reliableperformancenetricsandareusedfor early explorationof
designchoices.n the Back-End,the HW Developmentcomponents usedto generate
cycle-accurater RTL descriptionof the HW componentsvhich canbe furtherre ned
by commerciallyavailabletools for Application-Speci cIntegratedCuircuit (ASIC) or
Field ProgrammableGate Array (FPGA) manufcturing. SW Developmentgenerate
rmw are necessaryo run communicationand applicationSW on the platform. Vali-
dationUser Interfaceis usedto delug andvalidatedevelopedSW and HW. Decision
UserInterfaceis usedby the designerto estimatethe quality metricsand make deci-
sionssuchascomponenselection taskschedulingmappingof SW functionsto HW
componentgandothers.

1.3. ESE Front End Design Flow

PE/RTOS
Models

——
Bus/Bridge
Models

SystemC
Simulation

Figure 1-2. ES Environment

The inputsto ESE Front-Endare the systemde nition consistingof a platform and
applicationcode. A library of processinglementsbusesbridgesandRTOSis provided
in ESEto develop sucha platform. The retagetabletiming estimationtool in ESEis
usedto annotatetiming to the applicationcode basedon the mappingof application
codeon the platform componentsThe timed applicationand platform areinput to the
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TLM generatottool that usesthe bus andbridge modelsto generatea SystemCTLM.
This SystemCTLM canbe simulatedby any commercialor freely available SystemC
simulatorto provide the performancenetrics. The designeicanusethe metricsto make
to applicationcodeand/orthe platformin orderto optimizethe systemfor a particular
metric.

1.4. Design Example

To demonstratéheusefulnessf ESE,two applicationsverechosen,JPEGencodeiand
MP3 decoderJPEGencodelis usedto demonstratenultiprocessosystemdesignand
systemdesignincluding RTOS with ESE.MP3 decodelis usedto demonstratéetero-
geneousystemdesignwith ESE.

1.4.1. JPEG Encoder

bmp { Image jpeg

Read

.| Entropy
| Coder

{ DCT ] | Quanlize} 1{ Zigzag
Scan

Figure 1-3.JPEG Encoder

Figurel-3 shaws the block diagramof JPEGencoderlt takesa BMP asaninput and
outputsan encodedJPEG le. In general, JPEGencoderconsistsof ve processes.
First, it partitionsthe imageinto 8x8 blocks of pixels andthe blocksare appliedto a
2-dimensionaDCT. Next, the transformmatrix is normalizedby an 8x8 quantization
matrix andthe quantizedDCT coefcients form a matrix. The elementsof the matrix
areorderedn azigzagscan.Then,anentrofy codercombinedwith arun-lengthcoding
of thezerosgenerateanef cient representationf thequantizectoefcients to betrans-
mitted or stored.The C modelis usedto createtestbencheswith goldenJPEGoutput
les. Thesetestbenchesreusediaterto verify the ESEgenerated LMs.

4 © 2008,
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1.4.2. MP3 Audio Decoder

mp3
and Huffman 5
{ h cking > dacoding Requantize | Reordering

‘ 2 reduct\on }—1 IMDCT H DCT ]»
Joint stereo Left Channel
decndlng
> red r:t %IMDCTH DCT ]—

Right Channel

Figure 1-4. MP3 Decoder

MP3 decoderrst readsa codevord via synchronousnderror checler. Next, huffman
decodeltranslateshe codevord to several symbolsusingvariablelengthdecodingal-
gorithmandsendst to next stagedor requantizingandreordering.Then,the decoded
frequeng line is sentto aliasreductionandIMDCT. Finally, DCT produceghe output
samplesTheblock diagramin Figurel-4 shavs the IMDCT andDCT transformghat
areappliedduringthe stereodecodingon the left andright channelsof the MP3 input.
Thesefunction blocksarethe mosttime consumingpart of the decodingandarehence
ideal for implementationusing customHW for fasterdecoding.The C modelis also
usedto createtestbenchesvith goldenPCM output les. Thesetestbenchesareused
laterto verify theESEgenerated LMs.
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Chapter 2. Multi-Pr ocessor System Design with
ESE

This sectiondealswith designof JPEGencoderon a platform consistingof ve Mi-
croBlazeprocessorsThe JPEGapplicationcodeis availableasa C model. The JPEG
encodethas ve processeandeachprocesds mappedo a uniqueprocessqrthusthe
processesanbeexecutedconcurrently The communicatiorbetweerthe processesan
take placethrough pairs of variouschannelssuchas process-to-proceg®r point-to-
point) massge passingchannel sharednemorychannelandFirst-In-First-Out(FIFO)
channelln this Chapterall thechannelsn the JPEGencoderarevia the FIFO channels.
ESEprovideswell de ned communicatiorAPIs for this purposeTheencodedutputis
showvn graphicallyduringthe TLM simulationof the JPEGencoder

Thechaptesstartshy explainingthesetupfor ESE.It thenshaws, usingscreenshot$ow
theplatformis createdTo speedup thedemostrationandto emphasizenthefeatures,
we startwith an existing partial platform that is upgradedwith additionalprocessors
anda bus. Thenwe show the applicationmappingon the platform, followed by TLM
generationsimulationand performanceestimation.Thus,we presenthe core capabil-
ities of the ESE Front-Endtoolsin easyplatformdesign& upgrademodelgeneration,
validationandestimation.

© 2008, 7
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2.1. ESE Startup and Settings

Before startingthe demonstrationpleaseensurethat you have the ESE software in-
stalled in the right location at "/home/ese/local.’Also make surethat you have an
"lhome/ese/localllirectory containingthe SystemC2.2.0librariesand Simple Direct-
mediaLayer (SDL) librariesthat are neededor simulationof generatedlLMs. Also
make surethat you have GCC version3.4 or higherbecauset is neededo correctly
compilethe generated’ LMs. The demonstratiorshavn hereassumeshe userto have
a bourneshell. For C shell, the usermay call the ".csh" versionof the setupscripts.
Alternately justuse”sh" to createa new bourneshellandfollow thetutorial directions.

8 © 2008,
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2.1.1. Environment Setup

o yiahn@ dent:~/work/esedemo/esedemo
File Edit Wiew Terminal Tabs Help
[vjahn@dent esedemo]$ source /home/ese/local/bin/setup.sh [+]

:

We start by setting up the ervironment variablesto accessESE binaries. This is
provided by the "setup.sh"script in your installation. Typically, the installation path
would be "/Thome/ese/local. The scriptis in the "bin" directoryin the installation.The
scriptmodi es your PATH ernvironmentalvariableto includepathto ESEaswell asthe
LD_LIBRARY_PATH variableto accesshe sharedibrariesthatESEdepend®n. Run

thecommand'source/lhome/ese/local/bin/setup.saifidcreatea new local directoryfor
thedemo.

© 2008, 9
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2.1.2. ESE Demonstration Setup

Oncethe ernvironmentalvariableshave beenset, the useris readyto launchESE and
createhis or her design.For the purposesof this tutorial, we will startwith a partial
designto quickly demonstratéhekey capabilitiesof thetoolset.We have createda shell
scriptcalled"esedemo_mpd.shihat prepares partial designto startthe demofor the
JPEGencoderAt this point, run the "esedemo_mpd.stscript after changinginto the
local directorycreatedor thedemo.

10 © 2008,
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2.1.3. Launc hing ESE

After runningthe"esedemo_mpd.slstript,you will noticeseveral les in theworking
directory Someof these les will have a ".eds" extension.They arethe ESE design
les for the JPEGencoderdesignthat we will be usingfor this demo.You may also
seelinks to sourcedirectories.Thesepoint to the C codefor the processesf the JPEG
application.To launchthe ESEGUI, simply run "ese"from your shell.

© 2008, 11
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2.1.4. ESE GUI

TheESEGUI shouldnow appeaasshawvn in thescreenshofThe GUI hasseveralmenu
itemsthatwe shallexploreoverthistutorial. It is dividedinto vewindows. Thetop left
window is the "PE" window. It organizesthe variousapplicationprocessesnappedo
the Processingelements(PEs)in the design.The mid-left window is the "Channel”
window thatorganizeghevariouschannelsisedfor communicatiorbetweerthe appli-
cationprocessesrlhe tabsrepresenthe physicalcommunicatiorlinks in the platform.
Thebottomleft window is the"DatabaseWindow thatorganizegshePE,Communcation
Element(CE), memoryandRTOS model. The top right window is the "Platform Can-
vas"on which the platformarchitecturas editedgraphically The bottomright window
is the"Logging" window thatlogsthe messageBom variousESEtools.

12 © 2008,
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2.1.5. Editing Database Preferences

Beforecreatinga newv designwe mustensureghatthe componentseededor our JPEG
platform areaccessibldy the GUI. To do so, we edit the databasereferencedy 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 thedatabasde thathasa".edb"extension.Thedatabasde neededor the
JPEGdemonstratiomlreadycomeswith the ESEinstallation.Typically, this le will be
called"ese.edbandwill belocatedat"/data/users/ese/local/db/ese.Edbthe selection
is not alreadythere,pleasebrowsefor the le andpressOK. All theelelementshould
now bevisible in thedatabasevindow, if they werent already

14 © 2008,
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2.2. Platform Creation

We will startby loadingthe multi-processodesignof the JPEGencoderinto ESE.As
mentionedearlier we will startwith a partial platform consistingof threeMicroblaze
processorsEachprocessorcarriesthe applicationcodefor eachprocessn the JPEG
encoderTwo Microblazeprocessordor "zigzag" and "huffencode"processesvill be
addedo theplatform.In thissectionwe will shov how to usethedatabasandplatform
editorcarvasto upgradea multi-processoplatformin ESE.

© 2008, 15
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2.2.1. Open Partial Design

We begin by addingthe alreadycreatedpartial design.The ESE designsare storedin
XML basedles with the extension".eds." SelectFile ! Open from the menubar.
Browse into the demoworking directory and select"jpeg_mpd_platform_partial.eds."
Thisis thedesignwith the partialmulti-processodesignexample.PresOpen to open
thedesign.

16 © 2008,
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2.2.2. View Partial Design

The partial platform will appearin the carvasasshawn in the above screenshotWe

canseethreeMicroblazeprocessor€PUO , CPU1 andCPU?2 in the platform. These
processorareconnectedia the OpenPeripheraBus(OPB).Therearetwo FIFO chan-
nelsin this partialdesign.Eachprocesdasits own procesgportandthe procesgortis

connectedhroughthe FIFO channel For example,asshovn in PEwindow, CPUOhas
aprocesiamed'readbmp”andthe processhasa procesgport named'r2c_if" whichis

for sendingdatafrom "readbmp"to "chendct".And the procesort is connectedo a

FIFO channehamed'r2c" asshovn in Channelwindow. Notethattheseprocessorare
both connectedas "Masters"asindicatedby an"M" at the connectingport. Sincebus
mastercannotcommunicatelirectly overthebus,we provide atransduce(Tx0) which

consistsof a FIFO controllerand FIFO memoriesit actsasa sharedmemoryfor data
transferbetweenrCPUO,CPUlandCPU2.
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2.2.3. Add Processing Element

Adding anew PEto theplatformis very easy Browsethe databasenderthe Process-
ing tabandselectMicroblaze. Now draganddroptheselectiorinto theplatformcarvas.

The new PE of type "Microblaze"will be addedto the platform!. We needto addtwo
new PEsfor the JPEGencoder
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2.2.4. View PE Properties

After thedrag-droptheuserwill nd two new PEscalledPEO andPEL1 in theplatform.
Thesearethe PEsthatwill hostthe"zigzag"and"huffencode"processes the design.
We startby providing an appropriatenamesto the new PEsto be consistenwith the

rest of the design.To do so, right click on the PEO box andthe PE1 box and select
Properties.
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2.2.5. Assign New Name to PE

In the propertiedialog,changethe PE nameof the PEOto "CPU3" andthatof the PE1
to "CPU4"to be consistentvith the otherPEnames.
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2.2.6. Add Port to PE

Thenew PEs,CPU3andCPU4arenotyet connectedo therestof thedesign.Sincethe

applicationprocessemeantto executeon thesePEswill needcommunicatiorwith pro-

cesse®n otherprocessorsywe mustphysicallyconnectCPU3and CPU4to the shared
OPB busin the platform. For this physicalconnectiongachportis requiredfor CPU3
andCPU4, respectiely. To addthe port, simply right-click onthe CPU3andCPU4box

andselectAdd Port.
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2.2.7. Connect PE to Bus

The createdport mustbe connectedo the OPB busto be ableto communicatevith the
restof the system.Note that CPU3 and CPU4 are Microblazecores.This meansthat
they canonly connectto the OPB busasa Master To connectCPU3andCPU4, right-
click on the port andselectConnect To ! OPBO ! M from the menuchoice.This
will createthebusconnectiorandcompletetheplatformdesignstep.Next, we will look
atapplicationinput andits mappingto the createdplatform.
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2.3. Mapping Application to Platform

Theapplicationinputmodelfor ESEis C/C++ processesommunicatinghroughFIFO
channelsSincemostlegag applicationis writtenin C, thisis anadwantageover other
formsof input stylesor languageskFor communicationthe userdoesnot needto write
ary SystemCchannekode.ESEprovidesvery simpleAPIs for inter-processommuni-
cationaswe will seein this section.
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2.3.1. Add Application Process

ThePEwindow onthetop left cornerorganizeghe processemappedo thevariousPEs
in the design.In general several processesnay be addedfor executionon a PE where
RTOS shouldbeinvolved. The platformwhich hassuchmulti-threadedprocessorsvill
be demonstrateth Chapterd. In this section,we assumehatthereis only oneprocess
perPE.To addanew processxecutingon CPU3,changeo the CPU3 tah Thenright-
click andselectAdd Process. Thiswill createa new processwith adefaultname.The
samegoesfor CPU4.
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2.3.2. Assign Name to New Process

Changethe nameof the new procesgo "zigzag". Thisis theprocesdor the zigzagscan
in the JPEGencodeiapplication Pleaseensurghatthe processs namedcorrectlysince
thereexist referencedo it in the existing partial design.If the procesds not namedas
suggestedhe generateanodelswill not compile. The nameof the new procesdor the

CPUd4is "huffencode".

© 2008, 25



EmbeddedystenEnvironmentiFront End): ESEVersion 2.0 evaluation; Tutorial

2.3.3. Add C Source File

The processaddedin thelaststepis only symbolic. The usermustassociatehe actual
C/C++codewith it for themodelsto befunctionallycorrect.In thiscasewe addC code
by right-clicking on the processnamein the PEwindow andselectingAdd .C File for
adding".c" les. Andwe canalsoadd".h" les by selectingAdd .H File. Thiswill open
the le browser
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2.3.4. Select C Source File

Go to the demo directory and follow the symbolic link to "jpeg_srcs". For the
"zigzag" proecssselecttwo ".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 beaddedunderthe new processn the PEwindow.
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2.3.5. Add Process Ports

After, the C codefor the processs added,we needto addthe applicationlevel com-

municationto the design.First of all, we needto addthe procesgort for eachprocess,
which will be connectedo a channelfor datatransferto anotherprocess.To addthe

procesgort for the new processclick onthenew processandselectthe Add Process

Port. This will openthe window to addthe procesgport. We cancreateary namefor

theprocesgortandselectthetypeof it. Therearetenpossibletypes.We cancategorize
theminto threekinds. The "Send","Receve", and"Send/Recefe" are usedfor double
handsha& channelsThe"Read","Write", and"Read/Write"areusedfor sharednem-
ory. And the othersare for the FIFO channelsFinally, we needto assignits function

nameto be whatis actuallyusedin C code.Pleaseensurethatthe functionnameis the

sameasthatusedin C code.If the nameis not correct,the generatednodelswill not

compile.

The"zigzag" processhastwo procesgorts.Oneis for receving datafrom "quantize”
procesandtheotheris for sendingdatato "huffencode'processAssigntheprocesgort
nameto be"q2z_if" for theformerand”z2h_if" for the latter Sincewe areusingFIFO
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channelsselectthetypeto be"blocking_read'for theformerand"blocking_write"for
thelatter, respectrely. Also, assigrthefunctionnameto be"recv_g2z"and"send_z2h",
respectrely. The"huffencode"proceson CPU4hasonly oneprocesgortwhichis for
receveing datafrom "zigzag". Its procesgort nameis "z2h_if" andits functionname
is "recv_z2h".Pleaseaddall the procesgortsfor all the new processessingthegiven
names.
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2.3.6. View Application Channels

After, the processort for the processs added,we needto createthe channeldor the
communicatiorbetweemprocesseslo view the existing channelsglick onthe Tx0 tah
This will displaythe existing FIFO channelsbetweenprocessesn CPUO,CPUland
CPU2, including the sourceand destinationnamesas well as the route usedto im-
plementthe channelin the communicationplatform. All the channelsn ESE canbe
uni-directionalor bi-directionalchannelslf the userclicks ona PEin theplatformcan-
vas,all thechannelsriginatingor terminatingatthe PEwill be selectedAll otherPEs
thatthe clicked PE communicatesvith will be highlightedin light yellow. All physical

connectionsincludingbusesandtransducersisedby the PEfor communicatiorwill be
highlightedin green.
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2.3.7. Add New Application Channel

Pleaseclick on CPU3and CPU4andseethe Channelwindow. We canknow thatthey
arecurrentlynotconnectedttheapplicationlevel to any otherPE. Sincewe needcom-
municationbetweerthe "quantize"processn CPU2andthe"zigzag"processn CPU3,
we will addthe applicationlevel channelsby right-clicking in the channewindow 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'sincewe areusingFIFOs.Then,assignthechannehameto be"g2z" for con-
sisteng with existing channelsandalsoassigrthe FIFO sizeto be"256" bytessincethe
processesend/recaie an 64-arrayinteger dataeachother Next, sincethe processwill
senddatain oneway from "quantize"to "zigzag",select'Unidirectional”"usingthe pull
down menu.Then,usethe pull down menuto selectthe rst communicatingprocessas
"quantize"andalsousethenext pull down menuto selecttheprocesgortas'g2z_if". In
thesameway, selecttheothercommunicatingproces®s'"zigzag"andselecttheprocess
porstas"g2z_if". Next, selectthe mappingto be"TRANSDUCER"sincewe areusing
a transduceffor the inter-processcommunicationOncethe communicatingorocesses
andprocesgortsaredecided ESEautomatically Iters all the possiblephysicalroutes
ontheplatformthatcanimplementthe channelsFor this example,it shavsthatthereis
only oneroutefor eachdirectionthatgoesover the OPB busfrom the sendePE to the
transduceix0 andbackto therecever PEonthe OPBbus. Theroutegoesthroughthe
transducebecauseall PEsin the platformareconnectecgsmasterswhich doesnot al-
low directcommunicationThe slave interfaceof Tx0, thusmakestherouting possible.
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Click Add to addthe channel.The samegoesfor the channelfor the communication
from "zigzag"to "huffencode" Pleasecreatethe channefor 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 the channelwindow underthe Tx0
tah Oncethe channelsare selectedthe communicating?Eswill be highlighted.This
shaws that the new PEs,CPU3 and CPU4 are now “connected'with the rest of the
systemon anapplicationlevel.
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2.4. Generating Functional and Timed TLMs

Thepreviousstepscompletethe platformandapplicationinputthatis necessarjor gen-
erationof TLMs. Wewill shav generatiorof two typesof SystemCILMs. The rst one
is calledthe"FunctionalTLM" becausd is usedfor thevalidationof designfunctional-
ity only. It is completelyun-timedandsimulateghe designbasedn causaddependeng
only. A universalbuschanneis usedto modelthe systembusandthe mappingof chan-
nelsonthebus.

ThesecondlLM is calledthe"Timed TLM" andis usedfor performancestimationof

thedesignlt reliesontiming datamodelsof PEsandBuseghatareavailablein the ESE
databaseThedatamodelsareusedby our estimationandannotatiortechniqueto apply
"wait" statements theapplicationC code.Thetechniquds retagetableandapplicable
to processoraswell asHW IPs. A retagetablebustiming annotatiormodi es the bus
channelo apply"wait" statement$or inte-PEcommunication.
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2.4.1. Generate Functional TLM

After the platform andapplicationinput is complete the functional TLM canbe gen-
eratedautomaticallyby selectingSynthesis ! Generate Functional TLM from the
menubar. This will generatdhe SystemCcodeneededor platform modeling,includ-
ing PEs,busesandtransducersl'hegeneratedodeis thencompilednatively alongwith
the C applicationcodeandlinkedto the Systemdibrariesto producea singlebinary.
This procescanbeviewedin thelog window.
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2.4.2. Simulate Functional TLM

Oncethecompilationhascompletedthegenerated LM canbeexecutedrom the GUI
by selectingvalidation ! Simulate Functional TLM from themenubar.
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2.4.3. View Functional Simulation Results

The simulationpopsup a terminal that shaws the picture size of BMP input that has
beenencodedThe JPEGencodemve areusingdealswith BMP inputsof 640x480size.
An additionalwindow showsthe pictureof theencodedPEGwhichis the outputof 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 functional TLM generationthe Timed TLM canbe generatecutomat-
ically by selectingSynthesis ! Generate Timed TLM from the menubar The bus
channelgyeneratedor timed TLM will includetiming for synchronizationarbitration
anddatatransfer Thetiming parametersreimportedinto the TLM from the bus data
model. For the computationpart, we usea retagetablesourcelevel timing estimation
techniquethat utilizes the PE datamodels.Naturally, the timed TLM generationand
compilationis signi cantly slowerthanfunctionalTLM generationbut still in theorder
of seconds.
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2.4.5. Simulate Timed TLM

To simulatethe generatedimed TLM, simply selectValidation ! Simulate Timed
TLM from themenubar, afterthe TLM 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
functional TLM simulation.This is naturalsincewe are simulationa lot more "wait"
statementshat are annotatedo the applicationcodes.However, our resultsshav that
thisis still severalordersof magnitudefasterthanRTL simulationfor the samedesign.

Whenthe timed simulationends,several statisticaldataare dumpedin the simulation

logging terminal. Thesearethe estimatedcyclesfor CPU computationrand communi-

cation, bus congestiorestimatesand so on. However, all theseestimatedperformance
statisticscanbeviewedgraphicallyasshovn in next section.
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2.5. TLM Performance Estimation

ThetimedTLM produceseveralstatisticadatathatis gatheredluringsimulation.Since
thesourceannotationis ne grainedthe TLM producesesultsfor cyclesusedfor invo-
cationof eachfunctionin theapplicationcode.Computatiorandcommunicatiorcycles
for eachPE canbe viewed using pie charts.The distribution of cyclesfor eachfunc-
tion amongsits sub-functionscanbe browsedrecursvely. Similarly, the distribution of
interPEbustraf c overinter-processhannelcanalsobeviewedgraphically

The performancesstimatesreusefulfor early platformandmappingevaluation.Since
the timed TLMs are generatechutomaticallyand TLM simulationis very fast, early
designspaceexplorationbecomedeasible.Usersmay explore platformsmanuallyor
plugin their explorationalgorithmsfor systemlevel designoptimization.
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2.5.1. View Performance Estimates

To view the PE performancestatistics right-click on the PEin the platform carvasand
selectView Graph. In this casewe will selectthe CPU4Microblazeprocessar
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2.5.2. PE, Process and Function Level Estimates

The rst pie-chartwindow dividesthetotal executiontime into computationcommuni-
cationandidle cycles.Double-clickingon the computatiornpartof the pie chartpopsup
the distribution of computationacrossdifferent processesn the design.In this case,
we have only 1 process'huffencode"mappedto CPU4, henceit is 100%. Double-
clicking on the processn the pie chartproduceghe distribution of computatioracross
the top level functionsin the processThesefunction(s)call lower level functionsand
soon. Double-clickingon a function produceghe pie chartfor the distribution of cy-
clesamongsthe sub-functioninvocations Usingthis viewing feature the usermay go
downto ary level in thefunctioncall hierarchy|f the pie chartappearsoo small,please
increaseahewindow sizeto enlagethechart.
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2.5.3. View Communication Estimates

To view the bus communicatiorstatistics right-click on the busin the platform carvas
andselectView Graph. In this casewe will selecttheonly OPBbus.
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2.5.4. Bus and Channel Level Estimates

The top level pie-chartfor the bus showvs the distribution of bus cycles in idle,
program/dataaccessand inter-PE data transfer phases.Double-clicking on the
"data-transfer’part of the pie-chartproduceghe distribution of communicatiortraf c
amongsthevariousapplicationchannelsn thedesign.
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Chapter 3. Heterogeneous System Design with
ESE

This sectiondealswith designof MP3 decoderon a heterogeneouglatform consisting
of oneMicroBlazeprocessoandfour HW acceleratorsTherearetwo busesn theplat-

form. TheMicroblazeprocessousedts compatibleOPB.Thehardwareacceleratorsn

the other hand,were manuallydesignedand usetheir own proprietaryDouble Hand-
shale (DH) bus. Sincethetwo bus protocolsareincompatible a transducethatactsas
abuffer andprotocolcorverter interfacesbetweerthe buses.

TheMP3 applicationcodeis availableasa C model.This C modelwasdividedinto ve
processeshy separatinghe left/right channelDCT32 and IMDCT36 transformsinto
separat@rocesseslhesenew processesun concurrentlyto themainMP3 threadsince
they are dataindependentin this Chapter the communicatiorbetweenthe processes
takesplacethroughpairsof messag@assingchannelsESEprovideswell de ned com-
municationAPIs for this purposeThe testbenchincludesan MP3 le thatis decoded
into a correspondind®CM le by thedesign.The decodedutputis shavn graphically
duringthe TLM simulationof the MP3 decoder

Thechaptesstartsby explainingthesetupfor ESE.It thenshows, usingscreenshot$ow
theplatformis createdTo speedup thedemostrationandto emphasizenthefeatures,
we startwith anexisting partial platformthatis upgradedvith anadditionalprocessar
Thenwe shaow the applicationmappingon the platform, followed by TLM generation,
simulationand performanceestimation.Thus, we presentthe core capabilitiesof the
ESE Front-Endtools in easyplatform design& upgrade modelgenerationyalidation
andestimation.
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3.1. ESE Startup 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
"lhome/ese/local/pkg'directory containing the SystemC 2.2.0 libraries and SDL
librariesthat are neededfor simulationof generatedlLMs. Also make surethatyou
have GCCversion3.4 or higherbecausét is neededo correctlycompilethe generated
TLMs. The demonstratiorshovn hereassumeshe userto have a bourneshell. For C
shell,the usermay call the ".csh" versionof the setupscripts.Alternately just use"sh"
to createa new bourneshellandfollow thetutorial directions.
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3.1.1. Environment Setup

We start by setting up the ervironment variablesto accessESE binaries. This is
provided by the "setup.sh"script in your installation. Typically, the installation path
would be "/Thome/ese/local. The scriptis in the "bin" directoryin the installation.The
scriptmodi es your PATH ernvironmentalvariableto includepathto ESEaswell asthe
LD_LIBRARY_PATH variableto accesshe sharedibrariesthatESEdepend®n. Run

thecommand'source/lhome/ese/local/bin/setup.saifidcreatea new local directoryfor
thedemo.
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3.1.2. ESE Demonstration Setup

Oncethe ernvironmentalvariableshave beenset, the useris readyto launchESE and
createhis or her design.For the purposesof this tutorial, we will startwith a partial
designto quickly demonstratéhekey capabilitiesof thetoolset.We have createda shell
script called"esedemo_hsd.shhat preparesa partial designto startthe demofor the
MP3decoderAt thispoint,runthe"esedemo_hsd.ss¢triptafterchangingnto thelocal
directorycreatedor thedemao.
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3.1.3. Launc hing ESE

After runningthe "esedemo_hsd.ststript, you will noticeseveral les in the working
directory Someof theseles will have a".eds"extension.They arethe ESEdesign les
for theMP3 decodedesignghatwe will beusingfor thisdemo.You mayalsoseelinks
to sourcedirectories Thesepointto theC codefor theprocessesf theMP3application.
To launchthe ESEGUI, simply run "ese"from your shell.
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3.1.4. ESE GUI

TheESEGUI shouldnow appeaasshawvn in thescreenshofThe GUI hasseveralmenu
itemsthatwe shallexploreoverthistutorial. It is dividedinto vewindows. Thetop left
window is the "PE" window. It organizesthe variousapplicationprocessesnappedo
PEsin the design.The mid-left window is the "Channel"window that organizesthe
variouschannelausedfor communicatiorbetweerthe applicationprocessesrlhe tabs
representhe physicalcommunicationlinks in the platform. The bottom left window
is the "Database'Wwindow that organizesthe PE, CE, memoryand RTOS model. The
top right window is the "Platform Carvas" on which the platform architecturas edited

graphically The bottomright window is the"Logging"” window thatlogsthe messages
from variouseSEtools.
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3.1.5. Editing Database Preferences

Beforecreatinga new designwe mustensurehatthe componentsieededor our MP3
platform areaccessibléy the GUI. To do so, we edit the databasereferencedy 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 thedatabasde thathasa".edb"extension.Thedatabasde neededor the
MP3 demonstratiomlreadycomeswith the ESEinstallation.Typically, this le will be
called"ese.edb'andwill be locatedat "/data/users/ese/local/db/ese.&db the selec-
tion is not alreadythere,pleasebrowsefor the le andpressOK. The PEs,busesand
transducershouldnow bevisible in thedatabasevindow, if they werent already
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3.2. Platform Creation

We will startby loadingtheheterogeneousystendesignof theMP3decodelinto ESE.
As mentionedearlier we will startwith a partial platformconsistingof oneMicroblaze
processomlandthreeHW acceleratoiPEs.The Microblazeprocessorcarriesthe appli-
cationcodefor all of thedecoderexceptthe Iter processesyhich arethe mostcom-
putationallyintensie partsof the application.A new HW PE, customizedor DCT32
function, will be addedto the platform. In this sectionwe will shov how to usethe
databasandplatformeditorcarvasto upgradea heterogeneouslatformin ESE.
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3.2.1. Open Partial Design

We begin by addingthe alreadycreatedpartial design.The ESE designsare storedin
XML basedles with the extension".eds." SelectFile ! Open from the menubar.
Browse into the demoworking directory and select"mp3_hsd_platform_partial.eds."

Thisis thedesignwith the partialheterogeneousystemdesignexample.PresOpen to
openthedesign.
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3.2.2. View Partial Design

The partialplatformwill appeatn thecarvasasshownn in theabove screenshotVe can
seeoneMicroblazeprocessoCPU andthreeHW lters in the platform.FiltersLPCM

andRPCM arefor theleft andright channelMDCT36 transformskFilter RFIL perform
the right channelDCT32 transform.The HW acceleratoffor the left channelDCT32
transformis missingandwill beaddedduringthis demonstrationThe CPUconnectgo

the OPB,while the Iters connecto the DoubleHandshak Bus(DHB). Also notethat
all PEsareconnectedo their respectie busesas"Masters"asindicatedby an"M" at

the connectingoort. Sincethe DHB andOPB protocolsareincompatible we provide a
transduce(Tx1) thatactsasa buffer andprotocolconverterfor communicatiorbetween
theCPUandtheHW lters.
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3.2.3. Add Processing Element

Adding anew PEto theplatformis very easy Browsethe databasenderthe Process-
ing tab andselectDCT32. Now draganddrop the selectioninto the centralplatform
carvas.Thenew PEof type"DCT32" will beaddedo the platform!
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3.2.4. View PE Properties

After thedrag-droptheuserwill nd anew PEcalledPEO in the platform.Thisis the
PEthatwill hostthemissingDCT32 Iter processn the design.We startby providing

anappropriatenameto the new PEto be consisterwith therestof thedesign.To do so,
right click onthe PEObox andselectProperties.
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3.2.5. Assign New Name to PE

In the propertiesdialog, changethe PE nameto "LFIL" to be consistenwvith the other
HW lter names.
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3.2.6. Add Port to PE

Thenew PE,LFIL is notyet connectedo therestof the design.Sincethe application
processneantto executeon this PEwill needcommunicatiorwith processesn CPU,
we mustphysicallyconnectLFIL to the compatibleDHB busin the platform. For this
physicalconnectiona portis requiredfor LFIL. To addthe port, simply right-click on
theLFIL boxandselectAdd Port.
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3.2.7. Connect PE to Bus

The createdport mustbe connectedo the DH busfor LFIL to beableto communicate
with the restof the systemLFIL connectdo DH asa Masterlike otherHW Iters do.

To connectLFIL, right-click onthe portandselectConnect To ! DH ! M from the

menuchoice.Thiswill createthebusconnectiorandcompletethe platformdesignstep.
Next, we will look atapplicationinputandits mappingto the createdplatform.

62 © 2008,



EmbeddedystenEnvironmentiFront End): ESEVersion 2.0 evaluation; Tutorial

3.3. Mapping Application to Platform

The applicationinput modelfor ESEis C/C++ processesommunicatinghroughei-
ther synchronizeddouble handsha& channelsor sharedvariables.Since mostlegag
applicationis writtenin C, this is anadwantageover otherforms of input stylesor lan-
guagesFor communicationtheuserdoesnot needto write any SystemCchannekode.
ESE providesvery simple APIs for inter-processcommunicatioraswe will seein this
section.
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3.3.1. Add Application Process

ThePEwindow onthetopleft cornerorganizeshe processemappedo thevariousPEs
in the design.In general several processesnay be addedfor executionon a PE where
RTOS shouldbeinvolved. The platformwhich hassuchmulti-threadedrocessorsvill
bedemonstrateth Chapter. In this sectionwe assumehatthereis only 1 procesper
PE.To adda new processxecutingon LFIL, changeto the LFIL tah Thenright-click
andselectAdd Process. Thiswill createanew processwith adefaultname.
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3.3.2. Assign Name to New Process

Changethe nameof thenew procesgo "l |_dct32". Thisis theprocesdor theleft side
DCT32transformin the MP3 stereadecodelapplication Pleaseensurethatthe process
is namedcorrectlysincethereexist referenceso it in the existing partialdesign.If the
processs nothamedassuggestedhe generateanodelswill notcompile.
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3.3.3. Add C Source File

The processaddedin thelaststepis only symbolic. The usermustassociatehe actual
C/C++codewith it for themodelsto befunctionallycorrect.In thiscasewe addC code

by right-clicking onthe processiamein the PEwindow andselectingAdd C File. This
will openthe le browser
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3.3.4. Select C Source File

Go to the demodirectoryandfollow the symboliclink to "mp3_srcs".Selectone™.c”
le, "lI'l_dct32.c", one".h" le, " x ed.h",andclick Open. The les will beaddedunder
thenew "l |_dct32" processn the PEwindow.
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3.3.5. Add Process Ports

After, the C codefor the processs addedwe needto addthe applicationlevel commu-
nicationto the design.First of all, we addthe procesgort for eachprocessyhich will
be connectedo a channelfor datatransferto anothemrocessTo addthe procesgport
for the new processglick on the new processandselectthe Add Process Port. This
will openthe window to addthe procesort. we cancreateary namefor the process
portandselectthetypeof it. Thereareten possibletypes.We cancateyorizetheminto
threekinds.The"Send","Receve", and"Send/Receie" areusedfor doublehandsha&
channelsThe"Read","Write", and"Read/Write"areusedfor sharednemory And the
othersarefor the FIFO channelsFinally, we needto assignts functionnameto bewhat
is actuallyusedin C code.Pleaseensurethatthe functionnameis the sameasthatused
in C code.If thenameis not correct,the generateanodelswill notcompile.

The "lI1_dct32" processneedsone processport for sending/receing data from/to
"mp3_main".Assignthe processport nameto be "l I2m" andselect"Send/Receaie"
type since we are using the bi-directional double handsha& channel for the
communicatiorbetweenthe "l |_dct32" processand"mp3_main"processAssignthe
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functionnamedo be"recv_P_ID_||_dct32_P_ID_mp3_mainfbr "Receve" typeand
"send_P_ID_||_dct32_P_ID_mp3_mairidr "Send"type,respectrely.
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3.3.6. View Application Channels

After the processort for the procesds added,we needto createthe channeldor the
communicationbetweenprocessesTo view the existing double handsha& message
passingchannelsn ESE, click on the OPB tah This will displaythe existing chan-
nelsbetweerall the processem thedesign,ncludingthe sourceanddestinatiomames
aswell asthe routeusedto implementthe channelin the communicatiorplatform. All
the channeldn ESEareuni-directional.Bi-directionalchannelscanbe addedasa pair
of "Forward"and"Backward" channelgonvenientlyin the GUI.
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3.3.7. Add New Application Channel

If theuserclicks onaPEin theplatformcarvas,all thechanneloriginatingor terminat-
ing atthe PEwill beselectedAll otherPEsthatthe clicked PEcommunicatesvith will
be highlightedin light yellow. All physicalconnectionsincluding busesandtransduc-
ersusedby the PE for communicatiorwill be highlightedin green.Note that clicking
on LFIL shaws thatit is not connectedat the applicationlevel to ary otherPE. Since
we needcommunicatiorbetweerthe”l |_dct32" processandthe"mp3_main"process
executingon CPU, we will addthe applicationlevel channelsbpy right-clicking in the
channelwindow andselectingAdd Channel. Thiswill popup the channelwizard for
addingapplicationlevel channels.
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3.3.8. Channel Wizard

In thechannelwizarddialog,we rst needto selectthe channekype.Choosée'Process-
to-ProcesChannel"sincewe are using messagepassingchannels.Then, assignthe

nameto be "CH_CPU_LFIL" for consisteng with existing channelsSince,the pro-

cessewvill senddatabothways,selecta bi-directionalchannelype.Usethe pull down

menuto selectthe rst communicatingorocessaas"mp3_main".Thisis the processun-

ning on CPU. Next, usethe next pull down menuto selectthe other communicating
process||_dct32." Oncethecommunicatingprocessearedecided ESEautomatically
Iters all the possiblephysicalrouteson the platformthatcanimplementthe channels.
For this examplethereis only oneroutefrom CPUto LFIL thatgoesoverthe OPBbus
viathetransducef x1 andovertheDH busto therecever LFIL. Theroutegoesthrough
thetransducebecause€CPU andLFIL areconnectedo differentphysicalbuseswhich

doesnot allow direct communicationSimilarly, thereis only oneroutefrom LFIL to

CPU.Selectthe defaultroutesandclick Add to addthe channels.
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3.3.9. View New Channel Comm unication

The newly createdchannelswill now be visible in the channelwindow underthe Tx1
tah Note thatthe channelhameshare”_F" and"_B" appendedo distinguishbetween
forward and backward channelrespectiely. The usermay alternatelymalke unidirec-
tional channelsoneat a time. Oncethe channelsare selectedthe communicatingPEs
will be highlighted.This shavs thatthe nev PELFIL is now "connected'with therest
of the systemon anapplicationlevel.
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3.4. Generating Functional and Timed TLMs

Thepreviousstepscompletethe platformandapplicationinputthatis necessarjor gen-
erationof TLMs. Wewill shav generatiorof two typesof SystemCILMs. The rst one
is calledthe"FunctionalTLM" becausd is usedfor thevalidationof designfunctional-
ity only. It is completelyun-timedandsimulateghe designbasedn causaddependeng
only. A universalbuschanneis usedto modelthe systembusandthe mappingof chan-
nelsonthebus.

ThesecondlLM is calledthe"Timed TLM" andis usedfor performancesstimationof

thedesignlt reliesontiming datamodelsof PEsandBuseghatareavailablein the ESE
databaseThedatamodelsareusedby our estimationandannotatiortechniqueto apply
"wait" statements theapplicationC code.Thetechniquds retagetableandapplicable
to processoraswell asHW IPs. A retagetablebustiming annotatiormodi es the bus
channelo apply"wait" statement$or inte-PEcommunication.
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3.4.1. Generate Functional TLM

After the platform andapplicationinput is complete the functional TLM canbe gen-
eratedautomaticallyby selectingSynthesis ! Generate Functional TLM from the
menubar This will generatdhe SystemCcodeneededor platform modeling,includ-
ing PEs busesandtransducersThegenerated¢odeis thencompilednatively alongwith
the C applicationcodeandlinkedto the Systemdibrariesto producea singlebinary.

This procescanbeviewedin thelog window.
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3.4.2. Simulate Functional TLM

Oncethecompilationhascompletedthegenerated LM canbeexecutedrom the GUI
by selectingvalidation ! Simulate Functional TLM from the menubatr.
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3.4.3. View Functional Simulation Results

The simulationpopsup a terminalthatlogs the numberof MP3 framesthat have been
decodedAn additionalwindow shows the simulationprogressrame by frame. Each
decodedVIP3 frameproducesPCM outputthat canbe fed to the audiooutput. The y-

axis valuesin the PCM outputview shavs the decodedvalues.The logging of PCM

outputstopsonceall the frameshave beendecodedThe pop up windows cannow be
killed simply by pressing'Enter"in the simulationloggingterminal.
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3.4.4. Generate Timed TLM

Similar to the functional TLM generationthe Timed TLM canbe generatecutomat-
ically by selectingSynthesis ! Generate Timed TLM from the menubar The bus
channelgyeneratedor timed TLM will includetiming for synchronizationarbitration
anddatatransfer Thetiming parametergareimportedinto the TLM from the bus data
model. For the computationpart, we usea retagetablesourcelevel timing estimation
techniquethat utilizes the PE datamodels.Naturally, the timed TLM generationand
compilationis signi cantly slowerthanfunctionalTLM generationbut still in theorder
of seconds.
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3.4.5. Simulate Timed TLM

To simulatethe generatedimed TLM, simply selectValidation ! Simulate Timed
TLM from themenubar, afterthe TLM compilationhasended.
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3.4.6. View Timed Simulation

The timed TLM simulationlooks very similar to the functional TLM simulationex-

ceptfor somemarked differencesFirstly, noticethat timed simulationis signi cantly

slower thanfunctional TLM simulation.This is naturalsincewe are simulationa lot

more"wait" statementthatareannotatedo the applicationcodes 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
estimatedtyclesinsteadof framenumbersThisis becaus¢heestimateayclesfor each
frameareavailableat runtimeasa resultof our sourcdevel "wait" annotations.

Whenthe timed simulationends,several statisticaldataare dumpedin the simulation

logging terminal. Thesearethe estimatedcyclesfor CPU computationand communi-

cation, bus congestiorestimatesand so on. However, all theseestimatedperformance
statisticscanbe viewedgraphicallyasshovn in next section.

80 © 2008,



EmbeddedystenEnvironmentiFront End): ESEVersion 2.0 evaluation; Tutorial

3.5. TLM Performance Estimation

ThetimedTLM produceseveralstatisticadatathatis gatheredluringsimulation.Since
thesourceannotationis ne grainedthe TLM producesesultsfor cyclesusedfor invo-
cationof eachfunctionin theapplicationcode.Computatiorandcommunicatiorcycles
for eachPE canbe viewed using pie charts.The distribution of cyclesfor eachfunc-
tion amongsits sub-functionscanbe browsedrecursvely. Similarly, the distribution of
interPEbustraf c overinter-processhannelcanalsobeviewedgraphically

The performancesstimatesreusefulfor early platformandmappingevaluation.Since
the timed TLMs are generatechutomaticallyand TLM simulationis very fast, early
designspaceexplorationbecomedeasible.Usersmay explore platformsmanuallyor
plugin their explorationalgorithmsfor systemlevel designoptimization.
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3.5.1. View Performance Estimates

To view the PE performancestatistics right-click on the PEin the platform carvasand
selectView Graph. In this casewe will selectthe CPUMicroblazeprocessar
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3.5.2. PE, Process and Function Level Estimates

The rst pie-chartwindow dividesthetotal executiontime into computationcommuni-
cationandidle cycles.Double-clickingon the computatiornpartof the pie chartpopsup
thedistribution of computatioracrosdifferentprocessem thedesign.in this casewe
have only 1 processmp3_main"mappedo CPU,henceit is 100%.Double-clickingon
the processn the pie chartproduceghedistribution of computatioracrosghetop level
functionsin the processTheseunction(s)call lower level functionsandsoon. Double-
clicking on a function produceghe pie chartfor the distribution of cyclesamongsthe
sub-functionnvocationsUsingthis viewing feature theusermaygo down to ary level
in the function call hierarchy If the pie chartappeardoo small, pleaseincreasethe
window sizeto enlagethechart.
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3.5.3. View Communication Estimates

To view the bus communicatiorstatistics right-click on the busin the platform carvas
andselectView Graph. In this case we will selectthe OPBbus.
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3.5.4. Bus and Channel Level Estimates

The top level pie-chartfor the bus showvs the distribution of bus cycles in idle,
program/dataaccessand inter-PE data transfer phases.Double-clicking on the
"data-transfer’part of the pie-chartproduceghe distribution of communicatiortraf c
amongsthevariousapplicationchannelsn thedesign.
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Chapter 4. Multi-threaded System Design with
ESE

This sectiondealswith designof JPEGencodermn a platform consistingof two multi-
threadedMicroBlaze processorandone OPB. The JPEGapplicationcodeis available
asa C model. The JPEGencoderhas ve processesThreeprocessesre mappednto
one processomrmndtwo processesire mappedinto the other processarSincethey are
multi-threaedn a processqrwe needa RTOS modelto controlandschedulghe execu-
tion of the processe<€SE providestwo kindsof schedulingoolicies,Round-Robirand
Priority-basedschedulingUserscan selectone out of the two policies. Thecommuni-
cationbetweenthe processesantake placethroughpairsof variouschannelsuchas
process-to-proceq®r point-to-point)massge passingchannel,sharedmemorychan-
nelandFIFO channelln thissectionall thechannelsn the JPEGencodeiarevia FIFO
channelsESEprovideswell de ned communicatiorAPIsfor thispurposeTheencoded
outputis shavn graphicallyduringthe TLM simulationof the JPEGencoder

Thechapterstartshy explainingthesetupfor ESE.It thenshaows, usingscreenshot$ow
theplatformis createdTo speedup thedemostrationandto emphasizenthefeatures,
we startwith an existing partial platform that is upgradedwith additionalprocessors
anda bus. Thenwe show the applicationmappingon the platform, followed by TLM
generationsimulationand performanceestimation.Thus,we presenthe corecapabil-
ities of the ESE Front-Endtoolsin easyplatformdesign& upgrademodelgeneration,
validationandestimation.
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4.1. ESE Startup and Settings

Before startingthe demonstrationpleaseensurethat you have the ESE software in-
stalled in the right location at "/home/ese/local.’Also make surethat you have an
"lhome/ese/localtlirectory containingthe SystemC2.2.0 librariesand SDL libraries
thatareneededor simulationof generated’ LMs. Also make surethatyou have GCC
version3.4or higherbecausét is neededo correctlycompilethegeneratedLMs. The
demonstratiorshavn hereassumeshe userto have a bourneshell. For C shell,theuser

may call the".csh"versionof the setupscripts.Alternately justuse"”sh" to createa nev
bourneshellandfollow thetutorial directions.
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4.1.1. Environment Setup

We start by setting up the ervironment variablesto accesseSE binaries. This is
provided by the "setup.sh"script in your installation. Typically, the installation path
would be "/home/ese/local.The scriptis in the "bin" directoryin the installation.The
scriptmodi es your PATH environmentalvariableto includepathto ESEaswell asthe
LD_LIBRARY_PATH variableto accesshe sharedibrariesthatESEdepend®n. Run

thecommand'source/lhome/ese/local/bin/setup.safidcreatea new local directoryfor
thedemo.
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4.1.2. ESE Demonstration Setup

Oncethe ervironmentalvariableshave beenset, the useris readyto launchESE and
createhis or her design.For the purposesof this tutorial, we will startwith a partial
designto quickly demonstratéhekey capabilitiesof thetoolset.We have createca shell
scriptcalled"esedemo_mtd.shthat preparesa partial designto startthe demofor the
JPEGencoderAt this point, run the "esedemo_mtd.shscript after changinginto the
local directorycreatedor thedemo.
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4.1.3. Launc hing ESE

After runningthe"esedemo_mtd.stscript, 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 usingfor this demo.You may also
seelinks to sourcedirectories.Thesepoint to the C codefor the processesf the JPEG
application.To launchthe ESEGUI, simply run "ese"from your shell.
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4.1.4. ESE GUI

TheESEGUI shouldnow appeaasshawvn in thescreenshofThe GUI hasseveralmenu
itemsthatwe shallexploreoverthistutorial. It is dividedinto vewindows. Thetop left
window is the "PE" window. It organizesthe variousapplicationprocessesnappedo
PEsin the design.The mid-left window is the "Channel"window that organizesthe
variouschannelausedfor communicatiorbetweerthe applicationprocessesrlhe tabs
representhe physicalcommunicationlinks in the platform. The bottom left window
is the "Database'Wwindow that organizesthe PE, CE, memoryand RTOS model. The
top right window is the "Platform Carvas" on which the platform architecturas edited

graphically The bottomright window is the"Logging"” window thatlogsthe messages
from variouseSEtools.
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4.1.5. Editing Database Preferences

Beforecreatinga newv designwe mustensureghatthe componentseededor our JPEG
platform areaccessibldy the GUI. To do so, we edit the databasereferencedy 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 thedatabasde thathasa".edb"extension.Thedatabasde neededor the
JPEGdemonstratiomlreadycomeswith the ESEinstallation.Typically, this le will be
called"ese.edbandwill belocatedat"/data/users/ese/local/db/ese.Edbthe selection
is not alreadythere,pleasebrowsefor the le andpressOK. All theelelementshould
now bevisible in thedatabasevindow, if they werent already

94 © 2008,



EmbeddedystenEnvironmentiFront End): ESEVersion 2.0 evaluation; Tutorial

4.2. Platform Creation

We will startby loadingthedesignof the JPEGencodeiinto ESE.As mentionecearlier
wewill startwith apartialplatformconsistingof onemulti-threadedicroblazeproces-
sorandone OPB. The processocarriesthe applicationcodefor threeprocesses the
JPEGencoderOneMicroblazeprocessofor "zigzag"and"huffencodeprocessewill
be addedto the platformandthenthetwo processewill be multi-threadedy addinga
RTOS model.In this sectionwe will shav how to usethe databaseandplatform editor
carvasandhow to upgradea platformin ESE.
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4.2.1. Open Partial Design

We begin by addingthe alreadycreatedpartial design.The ESE designsare storedin
XML basedles with the extension".eds." SelectFile ! Open from the menubar.
Browse into the demoworking directory and select"jpeg_mtd_platform_partial.eds."
Thisis thedesignwith the partialdesignexampleincludingRTOS. PresOpen to open
thedesign.
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4.2.2. View Partial Design

The partialplatformwill appeatn thecarvasasshownn in theabove screenshotVe can
seeonemulti-threadedMicroblazeprocessor€PUO in the platform. The processors
connectediatheOpenPeripheraBus(OPB).Therearetwo local FIFO channelsn this
partial design.Eachprocessasits own procesgort andthe procesortis connected
throughthe FIFO channel For example,asshovn in PEwindow, CPUOhasthreepro-
cesses,readbmp”,"chendct"and "huffencode”.Among them, the "readbmp”process
hasa procesgortwhichis for sendingdatafrom "readbmp'to "chendct".And the pro-
cessport is connectedo alocal FIFO channelnamed'r2c" asshaowvn at the bottomin
PEwindow. Sincethis channels for theintra-processommunicationn aprocessaqrthe
channelis locatedto a local memoryandis shavn in the PE window not the Channel
window which only shavs the channeldor the inter-processommunicationNote that
the processois both connectedas "Master" asindicatedby an"M" at the connecting
port. Sincebus mastercannotcommunicatedirectly over the bus, we provide a trans-
ducer(Tx0) which consistf a FIFO controllerandFIFO memoriesit actsasa shared
memoryfor datatransferbetweenCPUOandCPU1.

© 2008, 97



EmbeddedystenEnvironmentiFront End): ESEVersion 2.0 evaluation; Tutorial

4.2.3. Add Processing Element

Adding anew PEto theplatformis very easy Browsethe databasenderthe Process-
ing tabandselectMicroblaze. Now draganddroptheselectiorinto theplatformcarvas.
Thenew PE of type "Microblaze"will beaddedo the platform!.
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4.2.4. View PE Properties

After the drag-droptheuserwill nd the new PE calledPEO in the platform. This is
the PEthatwill hostthe"zigzag"and"huffencode'processems thedesign.We startby
providing anappropriatenameto thenew PEto beconsisterwith therestof thedesign.
To do so,right click onthe PEObox andselectProperties.
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4.2.5. Assign New Name to PE

In thepropertiegdialog,changeghe PEnameof the PEOto "CPU1"to be consistentvith
theotherPEnames.
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4.2.6. Add Port to PE

Thenew PEs,CPULlis notyet connectedo therestof the design.Sincethe application
processemeantto executeonthe PEwill needcommunicatiorwith processesn other
processqmwe mustphysicallyconneciCPU1to thesharedOPBbusin theplatform.For
this physicalconnectiona portis requiredfor CPU1.To addthe port, simply right-click
ontheCPUlboxandselectAdd Port.
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4.2.7. Connect PE to Bus

The createdport mustbe connectedo the OPB bus to be ableto communicatewith
therestof the system Note that CPULis Microblazecore.This meanghatit canonly
connecto the OPBbusasaMaster To conneciCPU1,right-click ontheportandselect
Connect To ! OPBO ! M fromthemenuchoice.Thiswill createthebusconnection
and completethe platform designstep.Next, we will look at applicationinput andits
mappingto the createdplatform.
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4.3. Mapping Application to Platform

Theapplicationinputmodelfor ESEis C/C++ processesommunicatinghroughFIFO
channelsSincemostlegag applicationis writtenin C, thisis anadwantageover other
formsof input stylesor languageskFor communicationthe userdoesnot needto write
ary SystemCchannekode.ESEprovidesvery simpleAPIs for inter-processommuni-
cationaswe will seein this section.
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4.3.1. Add Application Process

The PE window on the top left cornerorganizesthe processesnappedto the various
PEsin the design.To adda new processexecutingon CPU1,changeto the CPUL1 tah

Thenright-click andselectAdd Process. Thiswill createanew processwith adefault
name.
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4.3.2. Assign Name to New Process

Changethe nameof the new procesgo "zigzag". Thisis theprocesdor the zigzagscan
in the JPEGencodeiapplication Pleaseensurghatthe processs namedcorrectlysince
thereexist referencedo it in the existing partial design.If the procesds not namedas
suggestedhegenerateanodelswill notcompile.Createonemoreprocesdor its name

to be"huffencoder'in the sameway.
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4.3.3. Add C Source File

The processaddedin thelaststepis only symbolic. The usermustassociatehe actual
C/C++codewith it for themodelsto befunctionallycorrect.In this casewe addC code
by right-clicking on the processnamein the PEwindow andselectingAdd .C File for
adding".c" les. Andwe canalsoadd".h" les by selectingAdd .H File. Thiswill open
the le browser
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4.3.4. Select C Source File

Goto thedemodirectoryandfollow the symboliclink to "jpeg_srcs" For the"zigzag"
proecss,selecttwo ".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 beaddedunderthe new processn the PEwindow.
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4.3.5. Add Process Ports

After, the C codefor the processs added,we needto addthe applicationlevel com-

municationto the design.First of all, we needto addthe procesgort for eachprocess,
which will be connectedo a channelfor datatransferto anotherprocess.To addthe

procesgort for the new processclick onthenew processandselectthe Add Process

Port. This will openthe window to addthe procesgport. We cancreateary namefor

theprocesgortandselectthetypeof it. Therearetenpossibletypes.We cancategorize
theminto threekinds. The "Send","Receve", and"Send/Recefe" are usedfor double
handsha& channelsThe"Read","Write", and"Read/Write"areusedfor sharednem-
ory. And the othersare for the FIFO channelsFinally, we needto assignits function

nameto be whatis actuallyusedin C code.Pleaseensurethatthe functionnameis the

sameasthatusedin C code.If the nameis not correct,the generatednodelswill not

compile.

The"zigzag" processhastwo procesgorts.Oneis for receving datafrom "quantize”
processandthe otheris for sendingdatato "huffencode"processAssignthe process
port nameto be "q2z_if* for the formerand"z2h_if" for the latter. Sincewe are us-
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ing FIFO channelsselectthe type to be "blocking_read"for the former and "block-
ing_write" for the latter, respectiely. Also, assignthe functionnameto be "recv_q2z"
and"send_z2h"respectrely. The"huffencode'proces$asonly oneprocesportwhich
is for receveing datafrom “zigzag". Its procesgort nameis "z2h_if" andits function
nameis "recv_z2h".Pleaseaddall the procesgortsfor all the new processessingthe
givennames.
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4.3.6. View Application Channels

After, the processort for the processs added,we needto createthe channeldor the
communicatiorbetweenprocesseslo view the existing channelsclick on the CPUO

tabin PEwindow. This will displaythe existing FIFO channelsbetweenprocesse

CPUO,includingthesourceanddestinatiomamesaswell astherouteusedo implement
thechannein thecommunicatiorplatform.In thepartialplatform,thereexist only local

FIFO channeldor intra-procescommunicationAll the channelsn ESE canbe uni-

directionalor bi-directionalchannelslf the userclicks on a PEin the platform carvas,
all the channelsoriginating or terminatingat the PE will be selected All other PEs
thatthe clicked PE communicatesvith will be highlightedin light yellow. All physical
connectionsincludingbusesandtransducersisedby the PEfor communicatiorwill be
highlightedin green.
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4.3.7. Add New Application Channel

Pleaseclick on CPUlandseethe Channelwindow. We canknow thatthey arecurrently
notconnectedttheapplicationlevel to ary otherPE.Sincewe needcommunicatiorbe-
tweenthe"quantize"processn CPUOandthe"zigzag"processn CPU1,wewill addthe
applicationlevel channelspy right-clicking in the channelwindow andselectingAdd
Channel. Thiswill popupthechannelwizardfor 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'sincewe areusingFIFOs.Then,assignthechannehameto be"g2z" for con-
sisteng with existing channelsandalsoassigrthe FIFO sizeto be"256" bytessincethe
processesend/recaie an 64-arrayinteger dataeachother Next, sincethe processwill
senddatain oneway from "quantize"to "zigzag",select'Unidirectional”"usingthe pull
down menu.Then,usethe pull down menuto selectthe rst communicatingprocessas
"quantize"andalsousethenext pull down menuto selecttheprocesgortas'g2z_if". In
thesameway, selecttheothercommunicatingproces®s'"zigzag"andselecttheprocess
porstas"g2z_if". Next, selectthe mappingto be"TRANSDUCER"sincewe areusing
a transduceffor the inter-processcommunicationOncethe communicatingorocesses
andprocesgortsaredecided ESEautomatically Iters all the possiblephysicalroutes
ontheplatformthatcanimplementthe channelsFor this example,it shavsthatthereis
only oneroutefor eachdirectionthatgoesover the OPB busfrom the sendePE to the
transduceix0 andbackto therecever PEonthe OPBbus. Theroutegoesthroughthe
transducebecauseall PEsin the platformareconnectecgsmasterswhich doesnot al-
low directcommunicationThe slave interfaceof Tx0, thusmakestherouting possible.
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Click Add to addthe channel.
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4.3.9. Channel Wizard for Intra-Pr ocess Comm unication

In orderto addthe channelffor thecommunicatiorbetween'zigzag"and"huffencode”,
right-click in the Channelwindow andselectAdd Channel. In the channelwizard di-
alog, assignthe channelnameto be "z2h". Fromthe next step,everythingis the same
asthe previous sectionexceptthe channelmappingandroute. Sinceit is for the intra-
communcationthe mappingandroutewill beautomaticallysetto "LOCAL ACCESS"
asshawn in the above screenshotSelectthe default mappingandroute. Finally, click
Add to addthe channel.
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4.3.10. View New Channel Comm unication

The newly createdchannelswill now be visible in the channelwindow underthe Tx0
tah Oncethe channelsare selectedthe communicating?Eswill be highlighted.This
shows that the new PE, CPUlis now "connected'with the restof the systemon an
applicationlevel.
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4.3.11. Add RTOS

As mentionedbefore,sinceCPUlhasmorethanoneprocessandthe proecesseshould
be multi-threadedwe needa RTOS modelto control the executionof the processes.
To addthe RTOS model, right-click on the PE box and selectProperties. Then,en-
ableRTOSby clicking thesmallsgarebox. Therearetwo schedulingoolicies,"Round-
Robin"and"Priority". Selectonefrom thetwo schedulingoolicies.If you select'Prior-
ity" schedulingthenthepriority of theprocesses thePEwill beshovnin order Users
canchangehe priority by usingthearrow buttonslocatedat theright side.

116 © 2008,



EmbeddedystenEnvironmentiFront End): ESEVersion 2.0 evaluation; Tutorial

4.4. Generating Functional and Timed TLMs

Thepreviousstepscompletethe platformandapplicationinputthatis necessarjor gen-
erationof TLMs. Wewill shav generatiorof two typesof SystemCILMs. The rst one
is calledthe"FunctionalTLM" becausd is usedfor thevalidationof designfunctional-
ity only. It is completelyun-timedandsimulateghe designbasedn causaddependeng
only. A universalbuschanneis usedto modelthe systembusandthe mappingof chan-
nelsonthebus.

ThesecondlLM is calledthe"Timed TLM" andis usedfor performancestimationof

thedesignlt reliesontiming datamodelsof PEsandBuseghatareavailablein the ESE
databaseThedatamodelsareusedby our estimationandannotatiortechniqueto apply
"wait" statements theapplicationC code.Thetechniquds retagetableandapplicable
to processoraswell asHW IPs. A retagetablebustiming annotatiormodi es the bus
channelo apply"wait" statement$or inte-PEcommunication.
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4.4.1. Generate Functional TLM

After the platform andapplicationinput is complete the functional TLM canbe gen-
eratedautomaticallyby selectingSynthesis ! Generate Functional TLM from the
menubar This will generatdhe SystemCcodeneededor platform modeling,includ-
ing PEs busesandtransducersThegenerated¢odeis thencompilednatively alongwith
the C applicationcodeandlinkedto the Systemdibrariesto producea singlebinary.

This procescanbeviewedin thelog window.
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4.4.2. Simulate Functional TLM

Oncethecompilationhascompletedthegenerated LM canbeexecutedrom the GUI
by selectingvalidation ! Simulate Functional TLM from the menubatr.
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4.4.3. View Functional Simulation Results

The simulationpopsup a terminalthat shows the picture size of BMP input thathave
beenencodedThe JPEGencodeme areusingdealswith BMP inputsof 640x480size.
An additionalwindow showsthe pictureof theencodedPEGwhichis the outputof 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 functional TLM generationthe Timed TLM canbe generatecutomat-
ically by selectingSynthesis ! Generate Timed TLM from the menubar The bus
channelgyeneratedor timed TLM will includetiming for synchronizationarbitration
anddatatransfer Thetiming parametergareimportedinto the TLM from the bus data
model. For the computationpart, we usea retagetablesourcelevel timing estimation
techniquethat utilizes the PE datamodels.Naturally, the timed TLM generationand
compilationis signi cantly slowerthanfunctionalTLM generationbut still in theorder
of seconds.
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4.45. Simulate Timed TLM

To simulatethe generatedimed TLM, simply selectValidation ! Simulate Timed
TLM from themenubar, afterthe TLM 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
functional TLM simulation.This is naturalsincewe are simulationa lot more "wait"
statementshat are annotatedo the applicationcodes.However, our resultsshav that
thisis still severalordersof magnitudefasterthanRTL simulationfor the samedesign.

Whenthe timed simulationends,several statisticaldataare dumpedin the simulation

logging terminal. Thesearethe estimatedcyclesfor CPU computationrand communi-

cation, bus congestiorestimatesand so on. However, all theseestimatedperformance
statisticscanbeviewedgraphicallyasshovn in next section.
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4.5. TLM Performance Estimation

ThetimedTLM produceseveralstatisticadatathatis gatheredluringsimulation.Since
thesourceannotationis ne grainedthe TLM producesesultsfor cyclesusedfor invo-
cationof eachfunctionin theapplicationcode.Computatiorandcommunicatiorcycles
for eachPE canbe viewed using pie charts.The distribution of cyclesfor eachfunc-
tion amongsits sub-functionscanbe browsedrecursvely. Similarly, the distribution of
interPEbustraf c overinter-processhannelcanalsobeviewedgraphically

The performancesstimatesreusefulfor early platformandmappingevaluation.Since
the timed TLMs are generatechutomaticallyand TLM simulationis very fast, early
designspaceexplorationbecomedeasible.Usersmay explore platformsmanuallyor
plugin their explorationalgorithmsfor systemlevel designoptimization.
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45.1. View Performance Estimates

To view the PE performancestatistics right-click on the PEin the platform carvasand
selectView Graph. In this casewe will selectthe CPU1Microblazeprocessar
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45.2. PE, Process and Function Level Estimates

The rst pie-chartwindow dividesthetotal executiontime into computationcommuni-
cationandidle cycles.Double-clickingon the computatiornpartof the pie chartpopsup
the distribution of computationacrossdifferent processesn the design.In this case,
we have only two processes,zigzag" and "huffencode"mappedto CPU1. Double-
clicking on the processn the pie chartproduceghe distribution of computatioracross
the top level functionsin the processThesefunction(s)call lower level functionsand
soon. Double-clickingon a function produceghe pie chartfor the distribution of cy-
clesamongsthe sub-functioninvocations Usingthis viewing feature the usermay go
downto ary level in thefunctioncall hierarchy|f the pie chartappearsoo small,please
increaseahewindow sizeto enlagethechart.
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45.3. View Communication Estimates

To view the bus communicatiorstatistics right-click on the busin the platform carvas
andselectView Graph. In this casewe will selecttheonly OPBbus.
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45.4. Bus and Channel Level Estimates

The top level pie-chartfor the bus showvs the distribution of bus cycles in idle,
program/dataaccessand inter-PE data transfer phases.Double-clicking on the
"data-transfer’part of the pie-chartproduceghe distribution of communicatiortraf c
amongsthevariousapplicationchannelsn thedesign.

128 © 2008,



EmbeddedystenEnvironmentiFront End): ESEVersion 2.0 evaluation; Tutorial

Chapter 5. Conclusion

In this tutorial we presentedhe ESE Front-Enddesignmethodologyandtool set. ESE
producedwo typesof TLMs; onefor untimedfunctionalveri cation andatimed TLM
for performancestimation.The C/C++andgraphicalinputnotonly allows non-eperts
to createsystemmodels but it alsosupportseuseof legag/ codefor productupgrades.
TheTLMs generatethy ESEFront-Endcanbesynthesizedhto boardprototypemodels
by ESEBack-End.Thisfeatureis notavailablein any commerciabr academioffering.

To draw the conclusion ESEenablesembeddedystemdevelopergo usethefollowing
powerful advantageshathave never beenavailablebefore.

1. Automatic TLM generation.

New TLMs aregeneratedutomaticallyfrom amappingof C/C++applicationto an
abstracgraphicalplatform. This meanghatthe designemay useexisting applica-
tion codeandmapit to differentplatformswithout having to manuallymodify any
SystemCcode.

2. Eliminates SLDL learning.

ESE eliminatesthe needfor system-leel designlanguagesto be learntby the de-
signer Only the knowledgeof C for creatingapplicationspeci cationis required.

3. Enablesnon-expertsto design.

Thisalso enablenon-epertsto design systemsThereis no needfor thedesigner
to worry aboutdesigndetailslik e protocoltiming diagrams|ow level interfacesetc.
Consequentlysoftwae developes candesignsystems

4. Supports platforms.

ESEis greatfor platformbaseddesign. Systemplatformscanbe graphicallycre-
atedandmodi ed. Pre-«isting platformscanbereusedandupgradedAll of these
tasksareorthogonako the applicationdevelopmenttself.

5. Customizedmethodology
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ESEcanalsobe customizedo any methodolgy asperthe designers choiceof
componentssystemarchitecturemodelsandlevelsof abstraction.

.EnableslIP reuse.

ESEsimpli es IP reuseto agreatextentby allowing importof RTL componentsit
systemlevel. With C modelsof the IP, the designercangenerateéhigh speedl LMs
for veri cation andperformancesstimation.

. Supports interoperability.

ESE supports interopembility with industry standad languages and tools . The
input is C/C++ which is the languageof choicefor embeddedhpplications.The
outputis SystemCwhich is the de-factosystemlevel designlanguage The Back-
Endin ESEallows generatiorRTL blocksfrom C codeusingthird partyhighlevel
synthesigools,suchasForte. The nal outputof ESEBack-Endis a Xilinx project
thatcanbeinputto the Xilinx Embeddedevelopmentit (EDK) for pushbutton
FPGA prototyping.
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