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Abstract

Thisreportdescribegshe Embeddedystem&nvironmentData Structue (ESEDS) which
captuesthe detailsof a modelof an embeddeadystemincludingapplicationand platformin-
formation. A platformincludesProcessingelementgPEs),shared bussestransduces, chan-
nelsandroutes. A designercan usea GUI to producethis ESEDSand can freelymanipulate
theplatformfor designexploration purposesTheoutputcanbeusedto eitherproducea Trans-
action Level Model or a Pin Cycle Accurate Model of the system.To testthis data structure,
weused3 differentmultimediaapplications mappedheminto platforms,andapplieddifferent
opemtionsand transformations.Also, TLMs were geneated from this ESEDSand their per
formancewasrecoided. e concludedhat this datastructue is e xible enoughfor platform
transformationsand yields enoughinformationto describean embeddedystento geneate
re ned modelsfromit.
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1 Intr oduction

Embeddedsystems'rising compleity hasforced the industry to adoptnen designtechniques.
Higher engineeringcosts, shortertime-to-marlet timeframesand longer designand veri cation
phaseslemanda changen thetraditionaldesignapproaches.

In the traditionalapproachthe Top-downmethodologythe startingpoint is an abstracimodel
of thesystem.This modelis furtherre ned in stepsaddingmoreimplementation-speci deatures,
until a pointwhereits componentganbeinstantiatedrom alibrary.

A secondapproachs a Bottom-upmethodologywherethe designstartswith a setof presyn-
thesizedcomponentandbuilds subsystemsvith them, up until a whole systemhasbeende ned.

Insteadof usingeithera top-downor a bottom-upapproachthe alternatve is Platform-based
design[9, 13]. It adaptsthe bestfeaturesof the two approachesn systemdesign. The starting
point is not oneabstractmodelof the entire system,but aninstanceof a platform A platformis
a valid compositionof elementsandtheir interconnection$5]. With theseelementssubsequent
re nementswill bringthedesigndown to theimplementatiodevel. Theadwantageof thisapproach
is that several platformsare alreadyprehuilt to have an optimizedperformancefor speci ¢ type
of applicationssuchasmultimedia,automotve, or industrial. They canbe regardedasa common
hardwaredenominatoemongthosekinds of applications.

The componentof the platform can be embeddedrocessorsmemories,hardware IPs, In-
put/Outputcomponent®r communicatiorelementsuchasbridges transducerspr sharedousses.
For instance,a multimediaplatform alreadyhasintegration of embeddedrocessorsinemories,
analog-to-digitaland digital-to-analogcorverters,direct memoryaccessnodule,and specialized
hardwarefor mathematicabperations.

Startingwith a platform, the designeramust map their applicationsto the processingcores
present,and canalso considersubstitutingsoftware componentgor fasterlP cores. In addition,
thedesignersnaywish to alterthe platformto optimizeperformance.



In orderto capturethe whole embeddedystem platform detailsand applicationdetailsmust
beincludedin a model. We proposea datastructurebasedon XML[ 1] calledESE DataStructure
(ESEDS)which solvestheseproblemsand also opensup more posibilities of manipulationto a
embeddedystemmodel. Sinceit is basedon XML, it is extensibleto allow future additionsto the
speci cation.

Oncewe have a well-de ned datastructurerepresentingan embeddedystem,we canuseit
in mary ways. We canuseit to automaticallygeneratel 5] an executablenodelof the systenthat
re ects platformchoices:atransactiorievel model(TLM) of thedesign.In additionto that,another
bene t of having this datastructureis that we canfreely manipulatethe platform to add/remee
hardware units or add/remee/move processefrom programmablgrocessorsSincewe canalso
produceatimed TLM of thesystem] 8], thesesystemfeaturescanbe easilymodi ed to achiese the
optimumperformance.

2 Transaction Level Models

In recentyears,transactiorlevel models(TLMs) have emegedasthe new paradigmfor system
design.In transactiorlevel models the detailsof communicatiorare separatedrom the detailsof
computation.Communicatiorbetweencomputationrmodulesis modeledascompletetransactions
(hencethe nameof theabstractiorevel), insteadof the hundredf togglingsignalsin aBusFunc-
tional Model (BFM). While this signi cantly increasesimulationspeedit decreaseis accurag.

We usechanneld¢o modelthe communicatiorbetweemrmoduleswhich arearepositoryof com-
municationservices.They provide interfacesthat servicetransactiorrequestsdy the computation
elements. More communicationdetailscan be addedin different stepsof the processthe same
asthe computationdetails. This will increasethe accurag of the computationor communication
component.Dependingon thesefactors,we canhave differentTLMs. In [4] they provide a clear
taxonomyof TLMs, basedntheaccurag mentionedabore.

3 Relatedworks

Several languageshave beendevelopedover the yearsto describeeither hardware or software.
For instance ArchitectureDesignLanguagegADL) areusedto describesoftware and/orsystem
architecureslit hasbeenusedfrequentlyto describea specializedorocessoandsynthesizesimu-
latorsandcompilersfor it. A comprehensie suney of ADLs hasbeendonein [12]. Somedesign
languagexapturethe systemin a Register TransferLevel, suchasUDL/I [3] andMIMOLA[/1Q].
The latter oneis usednot only for simulation,testgeneratiorand code generationbut also for
hardwaresynthesis.

Othergroupshave alsodevelopedlanguagedbasedon XML, suchasXADL[ 7] is designedo
describesoftwarearchitecturesandits mainfeaturesareextensibility and e xibility .



To modelentireembeddedytems the languageEADL[ 11] wascreatedo captureboth hard-
ware and software component@ndtheir interactions.|t is meantto facilitate designspaceexplo-
ration andscalablehardware-softvare co-veri cation. This languagealiffersfrom our approachn
thefollowing ways:it abstractall typesof platformelementsnto threekinds of componentssoft-
ware,hardwareandbridgecomponentsThesecomponentabstracill the processorshussesand
embeddedS of the platform. Anotherdifferenceis thatthe designemustcodein EADL to alter
theplatformandto do ary manipulation®oniit.

The Dalton Project[14] allows the designelto tunethe platform speci cationsto optimizethe
systemperformancebut it is orientedmainly for power consumptionanddoesnot allow platform
transformations.

In our approachthe userdoesnot have to deal with the complities of ary codeor XML
structure. Our frontend GUI easeghe designprocessso that the designercan concentratecon
transformingandremappinghe platformto achiese optimumperformance.

Thisreportis structuredn thefollowing way: in Sectiord we de ne theelement®f oursystem,
in Section5/we describethe datastructureusedin ourtools,includingthe formalismandrulesfor
ESEDS.In Section6/we presenthe platformmanipulationghatour tools allows andin Section?,
we shav how our tools performwhenmanipulating3 differentmultimediaplatforms. Finally we
presenthe conclusionsn Section8.

4 SystemDe nition

We have implementedhe TLM basedlesigninto atool namedEmbeddedystem&nvironmentor
ESE[6]. TheentireESEdesign ow is shavn in Figurell. Our ESE Frontendhasa GUI where
the designercandraganddrop componentdo createthe platform. This frontendwill managehe
XML datastructureto insulatethe usersfrom the compleity of ESEDSandits internalstructure.
This reportwill describethe ESE Data Structure while the TLM GeneratarTLM Estimatorand
Baclkendsynthesigool will notbediscussedhere.

Our systemwill bede ned with two componentgseeFigure2):

1. Application

2. Platform

4.1 Application

Theapplicationis thecomponentvhich thedesignemwishesto runontheembeddedystem.t may
becomposeaf oneor severalprogramsvhichwill runonprogrammablembeddegrocessorand
otherspecializedunction which will eitheralsorun on embeddegrocessor®r synthesizednto
specializechardwareunits. Theapplicationcanbe composeaf oneor moreprocesses.
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4.2 Platform

Theplatformis composef processoranemoriespr HardwarelPs,asmentionedaborein [5].

Our systemmodel can be viewed as a combinationof a behaioral speci cationthat de nes
its functionality and a setof designdecisionsto implementthe desiredfunctionality As for the
speci cation part, our tool doesnot needthe C codeitself, andonly needsthe informationat the
processevel. In orderto specifythe systemthereareseveral stepso betaken:

1. Partition theapplication theapplicationshouldbe partionednto several processesseparat-
ing the mainprocesqat leastone)andthe specializedunctionsthatshouldnot residein the
sameprocessorThis processs illustratedin Figure3.

Process
,1

€-—===-=-- » | Process

Application N

Process

Figure3: Partitioningprocesses

2. Choose platform construct platformwith thebasiccomponentsr useapre-huilt platform
specializedfor the type of applicationto be executed. Figure/4 shavs a platform with 2
processors? sharedoussespnememoryandonetransduce(TX in the gure).

3. Processmapping assigna computatiorelementin the platformfor eachprocesgo be exe-
cuted.For instancethe main processhouldbe mappednto a programmablg@rocessqrand
the specializedunctionssuchas lters andmathematicalinits shouldbe mappednto hard-
warelP elementgassuminghatthey will be synthesizednto hardware). This s illustrated
in Figure5|



Figure4: Platformde nition

Figure5: Processnapping



4. Channelcreationandrouting For eachpair of communicatiorprocessesa communication
channelmustbe created,an interfacemustbe assignedand a route mustbe selected. The
interfaceis alsocalled”procesgport”, which refersto the speci ¢ portwhich theprocesswill
useto communicatevith theother processTheprocesss shavn in Figure6. Thelaststepis
routeselectionwhichis the paththe datashouldgo to reachits receving processAll routes
mayincludetransducerandoneor morebussesln the exampleshown in Figure 6, channel
Ch1cango throughonesharedous andchannelCh2throughonetransduceandtwo shared
busses.

Figure6: Channemapping

5 EmbeddedSystemsEnvironment Data Structure

Oursystemde nition will bestoredin aspecialdatastructurenamedESEData Structue (ESEDS)
oreds le. This le will containall informationaboutthe application(not the applicationitself)
andall thedetailsaboutthe platform. Thereasorof having awell-de ned andstrict (but complete)
systendatastructureis to achiese thesegoals:

1. AutomaticTLM Geneation: Theedsle will containsufcient informationfor thegeneration
algorithmsto produceanexecutableSystemCTLM.

2. PlatformtransformationsThe userwill be capableof transformingthe platformin different
waysin orderto do architecturesxploration. Thetransformationgnclude: addinganddelet-
ing objects(processorssommunicatiorelementschannels)modifying routesfor channels,
moving processefrom oneprocesoto another



3. PCAM synthesis Using the systemfeaturesde ned by the user our Backendsynthesigool
cangenerate pin-cycle accuratanodelof the system.

5.1 ESEDSFormalism

We storeESEDS les in XML format. XML [1] is amarkuplanguagehatis designedo describe
information, it usesplain text and usesuserde ned tagsto interpretinformation. XML les are
composeaf elementswhich arethe building blocks. Eachelementmay have attributeswhich are
extrainformationontheelementAlso, anelemenimaybehierarchical:it maycontainoneor more
sub-elementsnderit.

The setsof ruleswhichthe ESEDSmustconformto is describedn anXML SchemaDe nition
(XSD) [2]. Theschemade nesthe setof elementof a ESEDS the setof valid attributesof each
element,the setof child elementsundera hierarchicalelement,the datatypesfor elementsand
attributes thedefaultand x edvaluesfor elementsandattributesandthe numberof child elements.

Theschemale nition de neswhichtypesof elementsana ESEDShave, notthenumbersince
thatis de nedin the XML le. Sinceit alsode nesthetype of subelementsachelementhas,the
bestwayto illustratethisis with atreediagram,n Figure7.

Figure7: ESEDSelementhierarcly

All objectscontaina setof attributesandmay containa setof childrenobjects.The only object
in theESEDS les is the DESIGNelementwhich containsall otherobjects.



5.1.1 Design

The DESIGNelements theroot elemeniof all ESEDSdocumentsit canbe saidthatit is a setof
processinglement{PEs),memoriesandhardwarelPs,andthe communicatiorelementdetween
them(transducers)lt alsocontainsconnectionandchanneinformation.

Formally, the objectsof aDESIGNd are:< P,B; T, C; R;Chpop; Chmem>; Chyifo, Where

P is the setof Processindzlements

B is thesetof Busses

T is thesetof Transducers

C is thesetof Connections

Ris thesetof Routes

Chpzp is the setof Process-to-proceshiannels
Chmemis thesetof Memorychannels

Chiito is thesetof Fifo channels

Its attributesaresetby (ng; by; Cq; 14; S4; Pg) Whereng is the nameof thedesign by is the FPGA
boardmodel,cq, l4, S and pg arethe compilation linking, simulationandpost-simulatioroptions,
respectiely.

Its wholetreeis shavnin Figure7. A simpleexamplewith onePE,onebus,onetransduceand
the connectiondetweerthemis shavn below:

5.1.2 Processingelement (PE)

As shavnin listing 1, a PEis a child of the DESIGNelementandis a processarOthercatayories
arehardwarelP or memory Its childrenarede ned formally by < L;I;M >:

L: representshe setof processesunninginsidethe PE. It stategheC les plusheaderles
thatcomposedhatprocess.

I: representshe portsthe procesaisesto communicatewith otherprocessesyia communi-
cationchannels.

M: representshe setof memories

Givena PE X, the setof attributesis (ny;tx; S; ix; dx; dbx) whereny is the nameof the PE, ty is the
type,s, is thesynthesioption,ix anddy aretheinstructionanddatacachesizes anddby is thedelug
option. A samplePE XML codeis shavn below: In this example,the PEO hasoneprocesshamed
PEQPO which is de ned by the source les pl.cand xed.h. It hasa processort (or interface)
de nedfor asendfunction,which canbeusedby ary selecteccommunicatiorchannel.

9



Listing 1: SampleEDS le

1 |<!-- ESE API Version0 .1.0 b -- >

2 | <DESIGN name = "bare_ese " board = "VIRTEX2">

3 <PE name = "PEQ' category = "PROCESSORtype = "MICROBLAZE ismem = "Q0">
4 </ PE>

5 <TX name = "CEOQ'>

6 <TXIF name = "CEO_PORT_0 bus = "Bus0" arbpolicy = "FCFS'>

7 </ TXIF >

8 <TXFIFO name = "CEO_fifo " size = "0" partstyle = "SPLIT">

9 </ TXFIFO>

10 </ TX>

11 <BUS name = "BusO" category = "BUS type = "OPB>

12 <SYNCTABLE

13 </ SYNCTABLE

14 <ARBITABLE policy = "FCFS'>

15 <ARBPRIO pename = "PEQ" prionumber = "0"/>

16 </ ARBITABLE>

17 <ADDRTABLE

18 <TXENTRYname = "CEO CEO_PORT_0/>

19 </ ADDRTABLE

20 <PKTTABLE

21 </ PKTTABLE

22 </ BUS>

23 <CONNpe = "CEQ' bus = "Bus0" peRole = "S" port = "CEO_PORT 0/>
24 <CONNpe = "PEQ" bus = "Bus0" peRole = "M port = "MICROBLAZE_PORT_U>
25 | </ DESIGN>

5.1.3 Bus

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

1. AD: oneaddresgable,containsall the high andlow addressefor eachcommunicatiorchan-
nel, memory processoandtransduceconnectedo the bus.

2. AB: onearbitrationtable,containghe arbitrationtableto be usedby the busarbiter;it shavs
the priority of eachprocessn thebus.

3. SY: onesynchronizationable,containssynchronizatiorentriesfor eachpair of communicat-
ing processesDetailsinformationsuchassynchronizationtype (interruptor polling), which
processds theinitiator or resetterwhereis the ag located(resetteror initiator) andthe sen-
sitivity (edgeor level).

4. PK: onepaclettable,detailsthe pacletizationoptionsfor all channels.

A busx hasthefollowing attributes: (ny; tx; px) whereny is the nameof the bus, ty is thetype of the
busand py is the nameof the PEwhichis parked (if busparkingis enabledn this bus).

10
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In listing 3, the bus hasone channelchl going throughit, and hasone transducerand one PE
connectedThis canbe seenin the addresgable (line 9-13). The synchronizatiortablein line 2-5
shaws that thereis just one synchronizatiorentry, for the only channelchl which communicates
processe€EQPORTO andmbQ It is importantto note that even thoughthe addresse# the
addresgsable mustbe setmanuallyby the user the synchronizatiortableis createdautomatically

Listing 2: PEelement

<PE name = "PEQ"' category = "PROCESSORtype = "MICROBLAZE ismem = "0">
<LEAF name = "PEO_POQ" cfiles =" pl.c" hfiles =" fixed .h">
<INTERFACE name = "intl " type = "Send" send = "send_channell "/>
</ LEAF>
</ PE>

Listing 3: BUS element

<BUS name = "Bus0" category = "BUS type = "OPB xpos = "10" ypos = "230">
<SYNCTABLE
<SYNCENTRYsyncid = "0" chname = "chl" initiator = "CEO_PORT_O
resettor = "mb0" type = "INTERRUPT flagLocation = "mb0O'
sensitivity = "None" flagSetMethod = "SIGNAL" />

</ SYNCTABLE

<ARBITABLE policy = "FCFS'>
<ARBPRIO pename = "PEQ" prionumber = "0"/>
</ ARBITABLE>
<ADDRTABLE
<PROCENTRYhame = "mb0' enable = "FALSE'/>
<CHP2PENTRYname = "chl" pair = "mb0 CEO_PORT_0/>
<TXENTRYname = "CEO CEO_PORT_O lowaddr = "0x80000000 "/>
</ ADDRTABLE
<PKTTABLE
<PKTENTRYchname = "chl" transfertype = "None" />
</ PKTTABLE
</ BUS

by the ESEFrontendduringchannekreationgandrouteselection.

5.1.4 Transducer(TX)

A transducerelaysdatatransferdrom a procesdn a busto anothemprocesonnectedo another
bus. It is neededvhenthe designhasstwo hardwaremodulesvhosebus protocolsaredifferent. It
synchronizesvith eachproces$eforeacceptingor transferingary data.ln thecaseof atransducer

with onecommunicatiorchannelthe generateKML codeis shavn in listing 4.

Thetransducecontainsoneor moretransducemterfacesandoneFIFO.

11




Listing 4: TX element

1 [<TX name = "CEQ' chlist = "chl" xpos = "70" ypos = "370">

2 <TXIF name = "CEO _PORT_O0 bus = "Bus0" arbpolicy = "FCFS'>

3 <TXREQname = "CEO_PORT_0_req_mb0_mbl SEND type = "SEND

4 srcprocs = "mb0' destprocs = "mbl' routes = "RT_0 _PEO _PEI"
5 txrole = "S" storagesize = "4" place = "LOCAL >

6 <PKTSIZEBITS Isb = "8" msb = "31"/>

7 </ TXREQ

8 </ TXIF >

9 <TXIF name = "CEO _PORT_1 bus = "Busl" arbpolicy = "FCFS'>

10 <TXREQname = "CEO_PORT_1 req_mbO_mbl RECY type = "RECV

11 srcprocs = "mb0' destprocs = "mbl' routes = "RT_O_PEO_PE1"
12 txrole = "S" storagesize = "4" place = "LOCAL >

13 <PKTSIZEBITS Isb = "8" msb = "31"/>

14 </ TXREG

15 </ TXIF >

16 <TXFIFO name = "CEO_fifo " size = "1000" partstyle = "SPLIT">

17 <PARTITION channels = "chl" size = "256"/>

18 </ TXFIFO>

19 [</TX>

We canseein listing 4 thatthe transducercontainstwo transduceinterfacesTXIF, andonetrans-
ducerFIFO (TXFIFO). Thetransducehasonechannelandits partitionin the fo hasasizeof 256
bytes,asseenin line 17. The elementdnsidethe transduceinterfacesarethe transducerequests
(TXREQ. Theseelementslescribeeachcommunicatingchannebetweerprocesseandalsolinks
themto the ROUTE elementhatbelongsto them.

5.1.5 Communication Channels

Therearethreetypesof communicatiorthannelsmemorychannel{CHMEM), process-to-process
channelg(CHP2P and fo channelg(CHFIFO). The channelsare abstractelementsthat re ect
the communicationbetweeneithera memoryanda processor betweentwo processes.They do
not specifythemselesthe physical path of the data, this informationis describedn the ROUTE
elementwhich is assignedo every mappedchannel. All typesof channelsneedan INTERRACE
from the process.This will bethe port from which the processwill useto transferdata. Formally,
thechannek hasattributesde ned by (sx; dx; rx;ix) Wheres, is the sourceprocesr memory dy is
the destinatiorprocessor memory ry is therouteandiy is the setof assignednterfaces.Channels
do not have ary childrenobjects.

12



5.1.6 Route

A routeis assignedo a channel,and pointsto/from eithera processingelementor transduceto

another It alsolists the physical paththroughbussesandtransducersFormally, a routex hasthe

following attributes: (s; dy; bx;tx) wheres, is the sourceprocessingelement/transducedy is the
destinatiorprocessinglement/transducgby is a setof bussesandty is setof transducersRoutes
do not have ary childrenobjects.

5.1.7 Connection

Thiselementepresentthephysicalconnectiorbetweenwo objects. Theattributesin aconnection
x are(ox; by) whereoy is aprocessingelementor transduceandby is a bus.

5.2 ESEDSRules

The formal descriptionof ESEDSallows the creationof rules,which will sene to checkfor cor

rectnessn the structureof the EDS le. The ESEfrontendmustenforcetheserulesstrictly, since
the synthesisandgeneratiortoolsdependon it for their correctfuncionality GivenaedsmodelM

andadesignd with its objects< P,B;T;C; R;Chp2p; Chmem™:

Therecanbeonly oneDesignelementn eachEDS le
ProcessindelementgPE) canonly be connectedo onebus
Eachroutecanbeassignedo only onechannel
Process-to-proceshannelsnustbelinkedto two processes
Memorychannelsnustbelinkedto oneprocessandonememory
Eachroutemusthave onebusandary numberof transducers

For every channekhatgoesto a processinglementthereis a portassingedo it

For every channelthat goesthrougha bus, it musthave an addresgangesetin anaddress
entryin its addresgable , asynchronizatiorentryin its synchronizatioriable anda paclet
entryin its paclettable

For every channekhatgoesthrougha transducerit musthave atleasttwo transducerequest
entriesin its transduceiterfaceanda partitionin its transducerfo.

13



6 Platform Manipulations

Having our modelin awell-de ned datastructure allows usto developtoolsthatwill manipulate
the systemto t our needs.Someof theseneedsinclude usingthe EDS le to produceand exe-
cutablesystemlevel modelandtransformingthe platform (anthusthe system}o explore different
architectureoptions.

6.1 Basicplatform operations

Thebasicoperation®nthe platformare:
1. LoadingEDS les from disk
2. Saving EDS les to disk
3. ExportingeEDSdesigngo disk
4. Adding EDSobjectsto the platform
5. DeletingEDS objectsto the platform

Loadingand saving EDS les involvesnot only the EDS les themseles, but alsoa setof les
attachedo eachprocesgC andH les) in a directory hierarcly that representour design. In
Figure8 we canseehow anEDS projectis saved.

The export operationgathersall thesesles andcompressetheminto a single.bzip le, pre-
servingthis directoryhierarcly.

6.2 Moving processes

One possibleoperationthe usermight useis to move a processfrom a PE to anotherPE. This
needmight arisewhendoing designexploration: the procesanay be slowing down a speci ¢ PE
becausef an heary load of processein the Real Time OperatingSystem(RTOS) . This canbe
seerusingthecomputatiorestimatiortool duringthe SystemGsimulationof the TLM. In this case,
theusercanmove the procesgso anotherembeddegrocessofPE)to lightentheloadandspeedip
executiontime of the system.

This procesdhasto take into accountseveral dependenciesetweernESE objects. The changes
neededn theplatformare:

1. Moving theprocesdrom sourcePEto targetPE
2. Moving all portsthatinvolve thatprocess

3. Presere theunderlyingdirectory/ les structureof the PEsandprocesses.

14



Figure8: ESEDS projectdirectorystructure

15



6.3 Application plus mapping speci cation

Mappingrefersto the procesf assigningeithera processo a PE or a physical routeto a CHP2P
or CHMEM. To assigna procesdo a PE,the procedureconsistf creatinga LEAF andassigning
C les andheaderles toit. Thiswasillustratedin Figureb.

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

1. DynamicRouting: the routeis selectedat run-time. The pacletis directedto the next node
(transducerjhatis freeandis closerto the nal destination.

2. StaticRouting:therouteis selectedat compile-time sothe pathof the datais alreadyknown
andcannotchangeregardlessof the circunstances.

Theapproactwe have chosernis staticrouting,sothe usermustdecidewhich routethe channelwill
have.

To maparouteto a given channelthe userhasto selectthe setof bussesandtransducershat
will be linked to the channel. Several optionsmay exist for this step, since datacan travel by
severaldifferentroutesto reachits destinatiorn(eithera memoryor anothemprocess)We canseein
Figure9 thatfor a channelchl, therearetwo differentrouting options: eitherthe red path,which
will go throughbus2,transducer2busl,transducersand nally bus3,or the greenpath,which is
shortersinceit' Il gothroughbus2,transducer3andbus3.

6.4 ESE Object con gurations

TheESEfrontendshallalsoallow settingcon gurationoptionson eachelement.Therearemultiple
optionsfor eachelementwe list belov the mostimportant:

1. Compilationandlinking optionsfor the designandfor eachprocess
Synchronizatiortype andsensitvity for eachchannel
Synchronizationag locationfor eachpair of communicatingorocesses
Pacletsizefor eachchannel

Transducerfo type:sharedfo or split fo

Partition sizesfor split fo

Arbitration policy for busses

© N o o > W DN

Procesgpriorities
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Figure9: Routingoptionsfor achannel
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7 Experimental Results

In orderto testthe performancef the ESEDSandourtools,we chose3 multimediaapplicationsa
JPEGdecoderaMP3decodeandaH264decoderThetestsetupfor eachapplicationis composed
of two phases:

1. A simpleone-processarlatformis createdhostingall processeside. Thedatastructures
saved, exportedbeforerunningthe functional TLM generatoandthe TLM estimatortools.
Finally, thetimed TLM is run andthe estimatediming is recoded.

2. Severalprocessorareaddednto thesystemalongwith oneor moresharedussesandtrans-
ducersthisis the platformtransformatiorstep.All processesredistributedevenly between
all processorsNext, thecommunicatiorchannelsarecreatecandroutesareassignedo each
oneof them(remappingstep). The TLMs aregeneratecgain andtiming is recorded.

Every stepin eachphasehasits time recordedandit doesnotaccountor theusers responsdime,
but only for the tool's executiontime. All testswere performedon an Pentium4, 3 GHz, 1 GB
RAM machinerunningLinux kernel2.6.

The Jpey applicationconsistsof 5 processesthe mp3 decoderhas 3 and the h264 decoder
consistof atotal of 13 differentprocesses.

Thetransformedlatforms(afterphase2pf themultimediaapplicationsareshovn in Figure 10,
FigurellandFigurel2. Theboxesrepresenprocessorandtransducergheroundedooxesrepre-
sentthe processeandthelines presenthe bussesandtheir connectionsThe channelsandroutes
arenotrepresenteih the gure.

Figure10: JPEGdecodemplatform

The experimentalresultsarepresentedn Table1l. As we cansee,the basicoperations'(load,
saveandexport) time the sameorderor magnitudein the simpleand parallelplatforms(seealso
Figure13). The H264 platformis muchmorecomple, andthisis re ectedin the higherloadand
savetimes. Thiscanbeseeralsoin the platformtransformationandremappingesults(Figure 14).
The H264 hassigni cantly morechannelssoit's naturalto seethat the remappingtime is much
highet
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Figurell: MP3 decodeplatform

Figurel2: H264decodeplatform

Tablel: Platformoperationsxperimentakesults

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
Platformtransformatior(s) - 0.914 - 0.695 - 10.310
Remappinds) - 0.528 - 0.326 - 6.584
FuncTLM Gen(s) 1.181 3.001 1.062 0.846 1.144 2.053
TimedTLM Gen(s) 22.660 325 83 109 168 179
Estimatediming (cycles) || 72.910° | 15.81C° || 3.5110° | 2.6610° || 6.9410' | 1.3510'%
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In the caseof function generatiorof TLMs (Figure 15), thetime rangesbetweenl and3 sec-
onds,andtakinginto accounthevariability of the systems resourceswe couldsaythatthegener
ationtime is approximatehthe samefor all platforms.

For thetimed TLM generationthe differencesarebiggerbecausef the annotatiortime. This
is proportionalto the size of the sourcecode, so the bigger the application,the longerit takes
(Figurel6). We canseein thelastrow of Tablel thattheestimatedxecutiontime of themultimedia
applications(in cycles)indeedgoesdown after the platform is transformedand remappedo a
parallelone.In Figure17 we canseethe percentagef speedupfterthetransformations.

Figure13: BasicESEOperations

8 Conclusions

In this report,we presentedhe descriptionof the EmbeddedystemsErnvironmentDataStructure
(ESEDS),its formalismandrules.As a summarywe cansaythat:

ESEDSprovidesa completedescriptionof the system:applicationand platform, enoughto
manipulatethe platformto transformit andexplore new platformcon gurations.

The basicoperationon the platform, mappingandplatform transformationganbe donein
asmallamountof time, allowing the designetto focuson designspaceaxploration.

Thewell structureddatastructureallows othertoolsto be developedto take the systemspec-
i cation asinputandproduceeitherafunctional TLM, timedTLM or cycle-accuratenodel.
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Figure14: Platformtransformationgndmapping

Figurel5: FunctionalTLM Generation
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Figurel6: Timed TLM Generation

Figurel7: Executionspeedugfterplatformtransformations
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