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Abstract

ThisreportdescribestheEmbeddedSystemsEnvironmentData Structure (ESEDS)which
capturesthedetailsof a modelof an embeddedsystem,includingapplicationandplatformin-
formation. A platformincludesProcessingElements(PEs),sharedbusses,transducers, chan-
nelsandroutes.A designercanusea GUI to producethis ESEDSandcan freelymanipulate
theplatformfor designexplorationpurposes.Theoutputcanbeusedto eitherproducea Trans-
action Level Model or a Pin CycleAccurate Model of the system.To testthis data structure,
weused3 differentmultimediaapplications,mappedtheminto platforms,andapplieddifferent
operationsand transformations.Also,TLMs were generatedfrom this ESEDSand their per-
formancewasrecorded. We concludedthat this datastructure is �exible enoughfor platform
transformationsand yieldsenoughinformation to describean embeddedsystemto generate
re�ned modelsfromit.
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1 Intr oduction

Embeddedsystems'rising complexity has forced the industry to adoptnew designtechniques.
Higher engineeringcosts,shortertime-to-market timeframesand longer designand veri�cation
phasesdemandachangein thetraditionaldesignapproaches.

In the traditionalapproach,theTop-downmethodology, thestartingpoint is anabstractmodel
of thesystem.Thismodelis furtherre�ned in steps,addingmoreimplementation-speci�cfeatures,
until apointwhereits componentscanbeinstantiatedfrom a library.

A secondapproachis a Bottom-upmethodology, wherethedesignstartswith a setof presyn-
thesizedcomponentsandbuilds subsystemswith them,up until a wholesystemhasbeende�ned.

Insteadof usingeithera top-downor a bottom-upapproach,the alternative is Platform-based
design[9, 13]. It adaptsthe bestfeaturesof the two approachesin systemdesign. The starting
point is not oneabstractmodelof the entiresystem,but an instanceof a platform. A platform is
a valid compositionof elementsandtheir interconnections[5]. With theseelements,subsequent
re�nementswill bringthedesigndown to theimplementationlevel. Theadvantageof thisapproach
is that several platformsarealreadyprebuilt to have an optimizedperformancefor speci�c type
of applicationssuchasmultimedia,automotive, or industrial. They canberegardedasa common
hardwaredenominatoramongthosekindsof applications.

The componentsof the platform can be embeddedprocessors,memories,hardware IPs, In-
put/Outputcomponentsor communicationelementssuchasbridges,transducers,or sharedbusses.
For instance,a multimediaplatform alreadyhasintegrationof embeddedprocessors,memories,
analog-to-digitalanddigital-to-analogconverters,direct memoryaccessmodule,andspecialized
hardwarefor mathematicaloperations.

Startingwith a platform, the designersmust map their applicationsto the processingcores
present,andcanalsoconsidersubstitutingsoftwarecomponentsfor fasterIP cores. In addition,
thedesignersmaywish to altertheplatformto optimizeperformance.
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In orderto capturethe whole embeddedsystem,platform detailsandapplicationdetailsmust
be includedin a model. We proposea datastructurebasedon XML[ 1] calledESEDataStructure
(ESEDS)which solves theseproblemsandalsoopensup moreposibilitiesof manipulationto a
embeddedsystemmodel.Sinceit is basedon XML, it is extensibleto allow futureadditionsto the
speci�cation.

Oncewe have a well-de�ned datastructurerepresentingan embeddedsystem,we canuseit
in many ways.We canuseit to automaticallygenerate[15] anexecutablemodelof thesystemthat
re�ectsplatformchoices:atransactionlevel model(TLM) of thedesign.In additionto that,another
bene�t of having this datastructureis that we canfreely manipulatethe platform to add/remove
hardwareunitsor add/remove/move processesfrom programmableprocessors.Sincewe canalso
producea timedTLM of thesystem[8], thesesystemfeaturescanbeeasilymodi�ed to achieve the
optimumperformance.

2 TransactionLevel Models

In recentyears,transactionlevel models(TLMs) have emergedas the new paradigmfor system
design.In transactionlevel models,thedetailsof communicationareseparatedfrom thedetailsof
computation.Communicationbetweencomputationmodulesis modeledascompletetransactions
(hencethenameof theabstractionlevel), insteadof thehundredsof togglingsignalsin aBusFunc-
tionalModel (BFM). While thissigni�cantly increasessimulationspeed,it decreasesits accuracy.

Weusechannelsto modelthecommunicationbetweenmodules,whicharearepositoryof com-
municationservices.They provide interfacesthatservicetransactionrequestsby thecomputation
elements.More communicationdetailscanbe addedin differentstepsof the process,the same
asthe computationdetails. This will increasethe accuracy of the computationor communication
component.Dependingon thesefactors,we canhave differentTLMs. In [4] they provide a clear
taxonomyof TLMs, basedon theaccuracy mentionedabove.

3 Relatedworks

Several languageshave beendevelopedover the yearsto describeeither hardware or software.
For instance,ArchitectureDesignLanguages(ADL) areusedto describesoftwareand/orsystem
architecures.It hasbeenusedfrequentlyto describea specializedprocessorandsynthesizesimu-
latorsandcompilersfor it. A comprehensive survey of ADLs hasbeendonein [12]. Somedesign
languagescapturethesystemin a RegisterTransferLevel, suchasUDL/I [3] andMIMOLA[ 10].
The latter one is usednot only for simulation,test generationandcodegeneration,but also for
hardwaresynthesis.

Othergroupshave alsodevelopedlanguagesbasedon XML, suchasXADL[ 7] is designedto
describesoftwarearchitectures,andits mainfeaturesareextensibilityand�e xibility .
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To modelentireembeddedsytems,the languageEADL[11] wascreatedto capturebothhard-
wareandsoftwarecomponentsandtheir interactions.It is meantto facilitatedesignspaceexplo-
rationandscalablehardware-softwareco-veri�cation. This languagediffers from our approachin
thefollowing ways:it abstractsall typesof platformelementsinto threekindsof components:soft-
ware,hardwareandbridgecomponents.Thesecomponentsabstractall theprocessors,bussesand
embeddedOSof theplatform. Anotherdifferenceis that thedesignermustcodein EADL to alter
theplatformandto doany manipulationson it.

TheDaltonProject[14] allows thedesignerto tunetheplatformspeci�cationsto optimizethe
systemperformance,but it is orientedmainly for power consumption,anddoesnot allow platform
transformations.

In our approach,the userdoesnot have to deal with the complexities of any codeor XML
structure. Our frontendGUI easesthe designprocessso that the designercan concentratecon
transformingandremappingtheplatformto achieveoptimumperformance.

Thisreportis structuredin thefollowing way: in Section4 wede�ne theelementsof oursystem,
in Section5 we describethedatastructureusedin our tools,includingtheformalismandrulesfor
ESEDS.In Section6 we presenttheplatformmanipulationsthatour toolsallows andin Section7,
we show how our toolsperformwhenmanipulating3 differentmultimediaplatforms. Finally we
presenttheconclusionsin Section8.

4 SystemDe�nition

Wehave implementedtheTLM baseddesigninto a tool namedEmbeddedSystemsEnvironmentor
ESE[6]. The entireESEdesign�o w is shown in Figure1. Our ESEFrontendhasa GUI where
thedesignercandraganddropcomponentsto createtheplatform. This frontendwill managethe
XML datastructureto insulatetheusersfrom thecomplexity of ESEDSandits internalstructure.
This reportwill describethe ESEDataStructure,while the TLM Generator, TLM Estimatorand
Backendsynthesistool will notbediscussedhere.

Oursystemwill bede�ned with two components(seeFigure2):

1. Application

2. Platform

4.1 Application

Theapplicationis thecomponentwhichthedesignerwishesto runontheembeddedsystem.It may
becomposedof oneor severalprogramswhichwill runonprogrammableembeddedprocessorsand
otherspecializedfunction which will eitheralsorun on embeddedprocessorsor synthesizedinto
specializedhardwareunits.Theapplicationcanbecomposedof oneor moreprocesses.
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Figure1: EmbeddedSystemsEnvironmentdesign�o w

Figure2: ESEsystemde�nition
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4.2 Platform

Theplatformis composedof processors,memories,or HardwareIPs,asmentionedabove in [5].
Our systemmodelcanbe viewed asa combinationof a behavioral speci�cation that de�nes

its functionality anda setof designdecisionsto implementthe desiredfunctionality. As for the
speci�cationpart, our tool doesnot needthe C codeitself, andonly needsthe informationat the
processlevel. In orderto specifythesystem,thereareseveralstepsto betaken:

1. Partition theapplication: theapplicationshouldbepartionedinto severalprocesses,separat-
ing themainprocess(at leastone)andthespecializedfunctionsthatshouldnot residein the
sameprocessor. Thisprocessis illustratedin Figure3.

Figure3: Partitioningprocesses

2. Choosea platform: constructaplatformwith thebasiccomponentsor useapre-built platform
specializedfor the type of applicationto be executed. Figure 4 shows a platform with 2
processors,2 sharedbusses,onememoryandonetransducer(TX in the�gure).

3. Processmapping: assigna computationelementin theplatformfor eachprocessto beexe-
cuted.For instance,themainprocessshouldbemappedinto a programmableprocessor, and
thespecializedfunctionssuchas�lters andmathematicalunitsshouldbemappedinto hard-
wareIP elements(assumingthat they will besynthesizedinto hardware). This is illustrated
in Figure5
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Figure4: Platformde�nition

Figure5: Processmapping
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4. Channelcreationandrouting: For eachpair of communicationprocesses,a communication
channelmustbe created,an interfacemustbe assignedanda routemustbe selected.The
interfaceis alsocalled”processport”, whichrefersto thespeci�c portwhich theprocesswill
useto communicatewith theother process.Theprocessis shown in Figure6. Thelaststepis
routeselection,which is thepaththedatashouldgo to reachits receiving process.All routes
mayincludetransducersandoneor morebusses.In theexampleshown in Figure6, channel
Ch1cango throughonesharedbusandchannelCh2throughonetransducerandtwo shared
busses.

Figure6: Channelmapping

5 EmbeddedSystemsEnvir onmentData Structur e

Oursystemde�nition will bestoredin aspecialdatastructurenamedESEDataStructure (ESEDS)
or eds�le. This �le will containall informationaboutthe application(not the applicationitself)
andall thedetailsabouttheplatform.Thereasonof having awell-de�ned andstrict (but complete)
systemdatastructureis to achieve thesegoals:

1. AutomaticTLM Generation: Theeds�le will containsuf�cient informationfor thegeneration
algorithmsto produceanexecutableSystemCTLM.

2. Platformtransformations: Theuserwill becapableof transformingtheplatformin different
waysin orderto do architectureexploration.Thetransformationsinclude:addinganddelet-
ing objects(processors,communicationelements,channels),modifying routesfor channels,
moving processesfrom oneprocesorto another.
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3. PCAMsynthesis: Usingthesystemfeaturesde�ned by theuser, our Backendsynthesistool
cangenerateapin-cycleaccuratemodelof thesystem.

5.1 ESEDSFormalism

We storeESEDS�les in XML format. XML [1] is a markuplanguagethat is designedto describe
information, it usesplain text andusesuser-de�ned tagsto interpretinformation. XML �les are
composedof elements, which arethebuilding blocks.Eachelementmayhave attributeswhich are
extra informationontheelement.Also, anelementmaybehierarchical:it maycontainoneor more
sub-elementsunderit.

Thesetsof ruleswhich theESEDSmustconformto is describedin anXML SchemaDe�nition
(XSD) [2]. Theschemade�nes thesetof elementsof a ESEDS,thesetof valid attributesof each
element,the setof child elementsundera hierarchicalelement,the datatypesfor elementsand
attributes,thedefaultand�x edvaluesfor elementsandattributesandthenumberof child elements.

Theschemade�nition de�neswhichtypesof elementscanaESEDShave,notthenumber, since
that is de�ned in theXML �le. Sinceit alsode�nes thetypeof subelementseachelementhas,the
bestway to illustratethis is with a treediagram,in Figure7.

Figure7: ESEDSelementhierarchy

All objectscontainasetof attributesandmaycontainasetof childrenobjects.Theonly object
in theESEDS�les is theDESIGNelement,whichcontainsall otherobjects.
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5.1.1 Design

TheDESIGNelementis theroot elementof all ESEDSdocuments.It canbesaidthat it is a setof
processingelements(PEs),memoriesandhardwareIPs,andthecommunicationelementsbetween
them(transducers).It alsocontainsconnectionsandchannelinformation.

Formally, theobjectsof aDESIGNd are:< P;B;T;C;R;Chp2p;Chmem>; Chf i f o, where

� P is thesetof ProcessingElements

� B is thesetof Busses

� T is thesetof Transducers

� C is thesetof Connections

� R is thesetof Routes

� Chp2p is thesetof Process-to-processchannels

� Chmemis thesetof Memorychannels

� Chf i f o is thesetof Fifo channels

Its attributesaresetby (nd;bd;cd; ld;sd; pd) wherend is thenameof thedesign,bd is theFPGA
boardmodel,cd, ld, sd andpd arethecompilation,linking, simulationandpost-simulationoptions,
respectively.

Its wholetreeis shown in Figure7. A simpleexamplewith onePE,onebus,onetransducerand
theconnectionsbetweenthemis shown below:

5.1.2 ProcessingElement (PE)

As shown in listing 1, a PEis a child of theDESIGNelementandis a processor. Othercategories
arehardwareIP or memory. Its childrenarede�ned formally by < L; I ;M > :

� L: representsthesetof processesrunninginsidethePE.It statestheC �les plusheader�les
thatcomposethatprocess.

� I : representstheportstheprocessusesto communicatewith otherprocesses,via communi-
cationchannels.

� M: representsthesetof memories

Givena PE x, thesetof attributesis (nx; tx;sx; ix;dx;dbx) wherenx is the nameof thePE,tx is the
type,sx is thesynthesisoption,ix anddx aretheinstructionanddatacachesizes,anddbx is thedebug
option. A samplePEXML codeis shown below: In this example,thePE0hasoneprocessnamed
PE0 P0 which is de�ned by the source�les p1.cand�xed.h. It hasa processport (or interface)
de�ned for asendfunction,whichcanbeusedby any selectedcommunicationchannel.
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Listing 1: SampleEDS�le
1 <! -- ESE API Version:0 .1.0 b -- >
2 <DESIGN name = " bare_ese " board = " VIRTEX2" >
3 <PE name = " PE0" category = " PROCESSOR" type = " MICROBLAZE" ismem = " 0" >
4 </ PE>
5 <TX name = " CE0" >
6 <TXIF name = " CE0_PORT_0" bus = " Bus0" arbpolicy = " FCFS" >
7 </ TXIF >
8 <TXFIFO name = " CE0_fifo " size = " 0" partstyle = " SPLIT " >
9 </ TXFIFO>

10 </ TX>
11 <BUS name = " Bus0" category = " BUS" type = " OPB" >
12 <SYNCTABLE>
13 </ SYNCTABLE>
14 <ARBITABLE policy = " FCFS" >
15 <ARBPRIO pename = " PE0" prionumber = " 0" />
16 </ ARBITABLE>
17 <ADDRTABLE>
18 <TXENTRYname = " CE0 CE0_PORT_0" />
19 </ ADDRTABLE>
20 <PKTTABLE>
21 </ PKTTABLE>
22 </ BUS>
23 <CONNpe = " CE0" bus = " Bus0" peRole = " S" port = " CE0_PORT_0" />
24 <CONNpe = " PE0" bus = " Bus0" peRole = " M" port = " MICROBLAZE_PORT_0" />
25 </ DESIGN>

5.1.3 Bus

A bushasthechildrenrepresentedby < AD;AB;SY;PK > :

1. AD: oneaddresstable,containsall thehighandlow addressesfor eachcommunicationchan-
nel,memory, processorandtransducerconnectedto thebus.

2. AB: onearbitrationtable,containsthearbitrationtableto beusedby thebusarbiter;it shows
thepriority of eachprocessin thebus.

3. SY: onesynchronizationtable,containssynchronizationentriesfor eachpairof communicat-
ing processes.Detailsinformationsuchassynchronizationtype(interruptor polling), which
processis theinitiator or resetter, whereis the�ag located(resetteror initiator) andthesen-
sitivity (edgeor level).

4. PK: onepacket table,detailsthepacketizationoptionsfor all channels.

A busx hasthefollowing attributes:(nx; tx; px) wherenx is thenameof thebus,tx is thetypeof the
busandpx is thenameof thePEwhich is parked(if busparkingis enabledin thisbus).
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Listing 2: PEelement
1 <PE name = " PE0" category = " PROCESSOR" type = " MICROBLAZE" ismem = " 0" >
2 <LEAF name = " PE0_P0" cfiles = " p1. c" hfiles = " fixed . h" >
3 <INTERFACE name = " int1 " type = " Send" send = " send_channel1 " />
4 </ LEAF>
5 </ PE>

Listing 3: BUSelement
1 <BUS name = " Bus0" category = " BUS" type = " OPB" xpos = " 10" ypos = " 230" >
2 <SYNCTABLE>
3 <SYNCENTRYsyncid = " 0" chname = " ch1 " initiator = " CE0_PORT_0"
4 resettor = " mb0" type = " INTERRUPT" flagLocation = " mb0"
5 sensitivity = " None" flagSetMethod = " SIGNAL" />
6 </ SYNCTABLE>
7 <ARBITABLE policy = " FCFS" >
8 <ARBPRIO pename = " PE0" prionumber = " 0" />
9 </ ARBITABLE>

10 <ADDRTABLE>
11 <PROCENTRYname = " mb0" enable = " FALSE" />
12 <CHP2PENTRYname = " ch1 " pair = " mb0 CE0_PORT_0" />
13 <TXENTRYname = " CE0 CE0_PORT_0" lowaddr = " 0x80000000 " />
14 </ ADDRTABLE>
15 <PKTTABLE>
16 <PKTENTRYchname = " ch1 " transfertype = " None" />
17 </ PKTTABLE>
18 </ BUS>

In listing 3, the bus hasone channelch1 going throughit, and hasone transducerand one PE
connected.This canbeseenin theaddresstable(line 9-13). Thesynchronizationtablein line 2-5
shows that thereis just onesynchronizationentry, for the only channelch1 which communicates
processesCE0 PORT0 and mb0. It is importantto note that even thoughthe addressesin the
addresstablemustbesetmanuallyby theuser, thesynchronizationtableis createdautomatically
by theESEFrontendduringchannelcreationgandrouteselection.

5.1.4 Transducer (TX)

A transducerrelaysdatatransfersfrom a processin a bus to anotherprocessconnectedto another
bus. It is neededwhenthedesignhasstwo hardwaremoduleswhosebusprotocolsaredifferent. It
synchronizeswith eachprocessbeforeacceptingor transferingany data.In thecaseof a transducer
with onecommunicationchannel,thegeneratedXML codeis shown in listing 4.

Thetransducercontainsoneor moretransducerinterfacesandoneFIFO.
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Listing 4: TX element
1 <TX name = " CE0" chlist = " ch1 " xpos = " 70" ypos = " 370" >
2 <TXIF name = " CE0_PORT_0" bus = " Bus0" arbpolicy = " FCFS" >
3 <TXREQ name = " CE0_PORT_0_req_mb0_mb1_SEND" type = " SEND"
4 srcprocs = " mb0" destprocs = " mb1" routes = " RT_0_PE0_PE1"
5 txrole = " S" storagesize = " 4" place = " LOCAL" >
6 <PKTSIZEBITS lsb = " 8" msb = " 31" />
7 </ TXREQ>
8 </ TXIF >
9 <TXIF name = " CE0_PORT_1" bus = " Bus1" arbpolicy = " FCFS" >

10 <TXREQ name = " CE0_PORT_1_req_mb0_mb1_RECV" type = " RECV"
11 srcprocs = " mb0" destprocs = " mb1" routes = " RT_0_PE0_PE1"
12 txrole = " S" storagesize = " 4" place = " LOCAL" >
13 <PKTSIZEBITS lsb = " 8" msb = " 31" />
14 </ TXREQ>
15 </ TXIF >
16 <TXFIFO name = " CE0_fifo " size = " 1000 " partstyle = " SPLIT " >
17 <PARTITION channels = " ch1 " size = " 256" />
18 </ TXFIFO>
19 </ TX>

We canseein listing 4 that thetransducercontainstwo transducerinterfacesTXIF, andonetrans-
ducerFIFO(TXFIFO). Thetransducerhasonechannel,andits partitionin the�fo hasasizeof 256
bytes,asseenin line 17. Theelementsinsidethetransducerinterfacesarethetransducerrequests
(TXREQ). Theseelementsdescribeeachcommunicatingchannelbetweenprocessesandalsolinks
themto theROUTEelementthatbelongsto them.

5.1.5 Communication Channels

Therearethreetypesof communicationchannels:memorychannels(CHMEM), process-to-process
channels(CHP2P) and �fo channels(CHFIFO). The channelsare abstractelementsthat re�ect
the communicationbetweeneithera memoryanda processor betweentwo processes.They do
not specifythemselvesthe physical pathof the data,this informationis describedin the ROUTE
elementwhich is assignedto every mappedchannel.All typesof channelsneedan INTERFACE
from theprocess.This will betheport from which theprocesswill useto transferdata.Formally,
thechannelx hasattributesde�ned by (sx;dx; rx; ix) wheresx is thesourceprocessor memory, dx is
thedestinationprocessor memory, rx is therouteandix is thesetof assignedinterfaces.Channels
donothaveany childrenobjects.
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5.1.6 Route

A routeis assignedto a channel,andpointsto/from eithera processingelementor transducerto
another. It alsolists thephysicalpaththroughbussesandtransducers.Formally, a routex hasthe
following attributes: (sx;dx;bx; tx) wheresx is the sourceprocessingelement/transducer, dx is the
destinationprocessingelement/transducer, bx is a setof busses,andtx is setof transducers.Routes
donothaveany childrenobjects.

5.1.7 Connection

Thiselementrepresentsthephysicalconnectionbetweentwo objects.Theattributesin aconnection
x are(ox;bx) whereox is aprocessingelementor transducerandbx is abus.

5.2 ESEDSRules

The formal descriptionof ESEDSallows the creationof rules,which will serve to checkfor cor-
rectnessin thestructureof theEDS�le. TheESEfrontendmustenforcetheserulesstrictly, since
thesynthesisandgenerationtoolsdependon it for their correctfuncionality. Givena edsmodelM
andadesignd with its objects< P;B;T;C;R;Chp2p;Chmem> :

� Therecanbeonly oneDesignelementin eachEDS�le

� ProcessingElements(PE)canonly beconnectedto onebus

� Eachroutecanbeassignedto only onechannel

� Process-to-processchannelsmustbelinkedto two processes

� Memorychannelsmustbelinkedto oneprocessandonememory

� Eachroutemusthaveonebusandany numberof transducers

� For everychannelthatgoesto aprocessingelement,thereis aportassingedto it

� For every channelthat goesthrougha bus, it musthave an addressrangeset in an address
entryin its addresstable , a synchronizationentryin its synchronizationtable anda packet
entryin its packet table

� For everychannelthatgoesthrougha transducer, it musthaveat leasttwo transducerrequest
entriesin its transducerinterfaceandapartitionin its transducer�fo.
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6 Platform Manipulations

Having our modelin a well-de�ned datastructure,allows us to develop tools thatwill manipulate
the systemto �t our needs.Someof theseneedsincludeusingthe EDS �le to produceandexe-
cutablesystemlevel modelandtransformingtheplatform(anthusthesystem)to exploredifferent
architectureoptions.

6.1 Basicplatform operations

Thebasicoperationson theplatformare:

1. LoadingEDS�les from disk

2. Saving EDS�les to disk

3. ExportingEDSdesignsto disk

4. AddingEDSobjectsto theplatform

5. DeletingEDSobjectsto theplatform

Loadingandsaving EDS �les involvesnot only the EDS �les themselves,but alsoa setof �les
attachedto eachprocess(C and H �les) in a directory hierarchy that representsour design. In
Figure8 wecanseehow anEDSprojectis saved.

Theexport operationgathersall theses�les andcompressestheminto a single.bzip �le, pre-
servingthisdirectoryhierarchy.

6.2 Moving processes

One possibleoperationthe usermight useis to move a processfrom a PE to anotherPE. This
needmight arisewhendoingdesignexploration: theprocessmaybeslowing down a speci�c PE
becauseof an heavy load of processesin the RealTime OperatingSystem(RTOS) . This canbe
seenusingthecomputationestimationtool duringtheSystemCsimulationof theTLM. In thiscase,
theusercanmove theprocessto anotherembeddedprocessor(PE)to lightentheloadandspeedup
executiontimeof thesystem.

This processhasto take into accountseveraldependenciesbetweenESEobjects.Thechanges
neededin theplatformare:

1. Moving theprocessfrom sourcePEto targetPE

2. Moving all portsthatinvolve thatprocess

3. Preserve theunderlyingdirectory/�les structureof thePEsandprocesses.
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Figure8: ESEDSprojectdirectorystructure
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6.3 Application plus mapping speci�cation

Mappingrefersto theprocessof assigningeithera processto a PEor a physicalrouteto a CHP2P
or CHMEM. To assigna processto a PE,theprocedureconsistsof creatinga LEAF andassigning
C �les andheader�les to it. Thiswasillustratedin Figure5.

In the caseof channelmapping,it refersto the processof assigninga route to the channels.
Therearetwo differenttypesof routing:

1. DynamicRouting: therouteis selectedat run-time. Thepacket is directedto thenext node
(transducer)thatis freeandis closerto the�nal destination.

2. StaticRouting:therouteis selectedatcompile-time,sothepathof thedatais alreadyknown
andcannotchangeregardlessof thecircunstances.

Theapproachwehavechosenis staticrouting,sotheusermustdecidewhichroutethechannelwill
have.

To mapa routeto a givenchannel,theuserhasto selectthesetof bussesandtransducersthat
will be linked to the channel. Several optionsmay exist for this step,sincedatacan travel by
severaldifferentroutesto reachits destination(eithera memoryor anotherprocess).We canseein
Figure9 that for a channelch1, therearetwo differentroutingoptions:eithertheredpath,which
will go throughbus2,transducer2,bus1,transducer1and�nally bus3,or thegreenpath,which is
shorter, sinceit' ll go throughbus2,transducer3,andbus3.

6.4 ESEObject con�gurations

TheESEfrontendshallalsoallow settingcon�gurationoptionsoneachelement.Therearemultiple
optionsfor eachelement,we list below themostimportant:

1. Compilationandlinking optionsfor thedesignandfor eachprocess

2. Synchronizationtypeandsensitivity for eachchannel

3. Synchronization�ag locationfor eachpairof communicatingprocesses

4. Packet sizefor eachchannel

5. Transducer�fo type: shared�fo or split �fo

6. Partitionsizesfor split �fo

7. Arbitrationpolicy for busses

8. Processpriorities
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Figure9: Routingoptionsfor achannel
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7 Experimental Results

In orderto testtheperformanceof theESEDSandour tools,wechose3 multimediaapplications:a
JPEGdecoder, aMP3decoderandaH264decoder. Thetestsetupfor eachapplicationis composed
of two phases:

1. A simpleone-processorplatformis created,hostingall processesinside.Thedatastructureis
saved,exportedbeforerunningthe functionalTLM generatorandtheTLM estimatortools.
Finally, thetimedTLM is runandtheestimatedtiming is recoded.

2. Severalprocessorsareaddedinto thesystem,alongwith oneor moresharedbussesandtrans-
ducers,this is theplatformtransformationstep.All processesaredistributedevenly between
all processors.Next, thecommunicationchannelsarecreatedandroutesareassignedto each
oneof them(remappingstep).TheTLMs aregeneratedagainandtiming is recorded.

Everystepin eachphasehasits time recorded,andit doesnotaccountfor theuser's responsetime,
but only for the tool's executiontime. All testswereperformedon an Pentium4, 3 GHz, 1 GB
RAM machinerunningLinux kernel2.6.

The Jpeg applicationconsistsof 5 processes,the mp3 decoderhas3 and the h264 decoder
consistsof a total of 13differentprocesses.

Thetransformedplatforms(afterphase2)of themultimediaapplicationsareshown in Figure10,
Figure11andFigure12. Theboxesrepresentprocessorsandtransducers,theroundedboxesrepre-
senttheprocessesandthe linespresentthebussesandtheir connections.Thechannelsandroutes
arenot representedin the�gure.

Figure10: JPEGdecoderplatform

Theexperimentalresultsarepresentedin Table1. As we cansee,thebasicoperations'(load,
saveandexport) time the sameorderor magnitudein the simpleandparallelplatforms(seealso
Figure13). TheH264platformis muchmorecomplex, andthis is re�ected in thehigherloadand
savetimes.Thiscanbeseenalsoin theplatformtransformationsandremappingresults(Figure14).
The H264 hassigni�cantly morechannels,so it' s naturalto seethat the remappingtime is much
higher.
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Figure11: MP3decoderplatform

Figure12: H264decoderplatform

Table1: Platformoperationsexperimentalresults
Platforms

JPEG-1 JPEG-2 MP3-1 MP3-2 H264-1 H264-2
XML LOC 16 281 35 219 489 503
XML bytes 477 15396 3168 15806 39151 43123

Load(s) 2.286 3.026 4.561 7.496 14.063 14.656
Save (s) 2.894 3.030 10.131 17.064 35.070 36.451

Export(s) 0.443 1.401 1.156 1.288 4.022 4.862
Platformtransformation(s) - 0.914 - 0.695 - 10.310

Remapping(s) - 0.528 - 0.326 - 6.584
FuncTLM Gen(s) 1.181 3.001 1.062 0.846 1.144 2.053

TimedTLM Gen(s) 22.660 32.5 83 109 168 179
Estimatedtiming (cycles) 72.9�106 15.8�106 3.51�109 2.66�109 6.94�1011 1.35�1011
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In thecaseof functiongenerationof TLMs (Figure15), the time rangesbetween1 and3 sec-
onds,andtakinginto accountthevariability of thesystem's resources,wecouldsaythatthegener-
ationtime is approximatelythesamefor all platforms.

For thetimedTLM generation,thedifferencesarebiggerbecauseof theannotationtime. This
is proportionalto the size of the sourcecode,so the bigger the application,the longer it takes
(Figure16). Wecanseein thelastrow of Table1 thattheestimatedexecutiontimeof themultimedia
applications(in cycles) indeedgoesdown after the platform is transformedand remappedto a
parallelone.In Figure17wecanseethepercentageof speedupafterthetransformations.

Figure13: BasicESEOperations

8 Conclusions

In this report,we presentedthedescriptionof theEmbeddedSystemsEnvironmentDataStructure
(ESEDS),its formalismandrules.As asummary, wecansaythat:

� ESEDSprovidesa completedescriptionof thesystem:applicationandplatform,enoughto
manipulatetheplatformto transformit andexplorenew platformcon�gurations.

� Thebasicoperationson theplatform,mappingandplatformtransformationscanbedonein
asmallamountof time,allowing thedesignerto focusondesignspaceexploration.

� Thewell structureddatastructureallowsothertoolsto bedevelopedto take thesystemspec-
i�cation asinputandproduceeithera functionalTLM, timedTLM or cycle-accuratemodel.
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Figure14: Platformtransformationsandmapping

Figure15: FunctionalTLM Generation
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Figure16: TimedTLM Generation

Figure17: Executionspeedupafterplatformtransformations
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