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Abstract
Wepresenta designflowfor thegenerationof application-specific
multiprocessorarchitectures. In the flow, architectural parame-
ters are first extractedfroma high-level systemspecification.Pa-
rametersareusedto instantiatearchitectural components,such as
processors, memorymodulesand communicationnetworks.The
flow includesthe automaticgeneration of communicationcopro-
cessorthat adaptstheprocessorto thecommunicationnetworkin
an application-specificway. Experimentswith two systemexam-
plesshowtheeffectivenessof thepresenteddesignflow.

1. Intr oduction.
To accommodatetheever increasingperformancerequirementsof
applicationdomainssuchas xDSL, networking, wireless,game
applications,etc.,multiprocessorSoCsaremoreandmorerequired.
Suchmultiprocessorsystemsshouldbespecificto eachof theap-
plicationdomainsin thefollowing aspects:� Kindsof (application-specific)processor:� Ps,DSPs,ASIPs,

andcoprocessors(DCT, Viterbi decoder, etc.).� Communicationcomponents:memory(e.g.multi-bankmem-
ory [8][19], specialstreambuffers [10]), peripherals[20],
etc.� Communicationnetworks: sharedbus [15][18][23], circuit
switching[16], packet switching[9], etc.

As themultiprocessorarchitecturesrequireheterogeneouspro-
cessors(for application-specificoptimization),high-performance
complex communication networks [9] [17] and sophisticated
communication protocols [24] (e.g. broadcasting,multi-master
buses,etc.),architecturegenerationdemandssignificantdesignef-
forts. Unfortunately, for the architecturegeneration,currentde-
signpracticesallow only limited automation[3][26] and,for most
parts,designersresortto manualarchitecturedesign,whichis time-
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consumingand error-prone. Sucha manualprocesscan hardly
afford designspaceexploration in heterogeneousmultiprocessor
architecturesdesign.

In our work, we aim at automatingthearchitecturegeneration
step.To do that,the architecture is generatedfr om a high-level
systemdescription therebyfreeingthedesignerfrom theinterface
detailsrequiredfor thearchitecturedesign.Thus,theautomation
enablesthe designerto focuson morevaluabledesigndecisions
suchas processor/communicationcomponentallocationand be-
havior/communicationmapping/schedulingin multiprocessorar-
chitectures.In our work, the architecturegenerationis basedon
instantiation of genericmultipr ocessorarchitecture templates
andon the automatic generation of communication coproces-
sors.

This paperis organizedas follows. In Section2, we give a
review of architecturegenerationfor multiprocessorsystems.We
explain genericarchitecturetemplatesandcommunicationcopro-
cessorsin Section3. In Section4, we introduceour designflow
and describethe high-level systemspecificationfor architecture
generation.In Section5, we addressthe architecturegeneration
flow. In Section6, we give experimentalresults.Thedesignflow
is evaluatedin Section7 beforeconcludingin Section8.

2. Previous Work.
The main differencebetweenclassicalmultiprocessorarchitec-
tures[5] andmultiprocessorSoCarchitecturesis that the multi-
processorSoCarchitectureshave specificapplicationswhile the
classicalarchitectureshave generalpurposes.This meansthatthe
two kindsof architecturearesignificantlydifferent.In SoCmulti-
processorarchitecture,sincethespecificapplicationhastight de-
sign constraints(e.g. low areaandpower consumptionandhigh
performance),application-specificoptimizationof thearchitecture
is necessary. Thus,we have to usevariouskindsof processors(to
useaprocessorspecificto theapplication,e.g.usageof aDSPfor
voiceprocessing)andthecommunicationnetworkscan not have
regular structur es(from oneapplicationto another)to meetthe
application-specificrequirementsof communication(e.g. circuit
switchnetwork in multimediaapplicationsandCAN bus in auto-
motive applications).

Themultiprocessorarchitectureis alsodifferentfrom thecon-
ventional � P/coprocessorsarchitectureasillustratedin Figure1,
wherecommunicationbetweenprocessorsisbasedonmaster( � P)/
slave (coprocessors)relationship. Interfacesof coprocessorsare



Figure 1. A conventional� P/coprocessorsarchitecture.

generallymadeof memory-mappedregistersandcangeneratein-
terruptsto the processor. Multiprocessorarchitecturesintroduce
two new difficulties:
(1)Thearchitecturemayincludemorethanone(application-specific,
i.e. heterogeneous)masterprocessor.
(2) Theinter-processorcommunicationmayrequiremoresophis-
ticatednetworksthana simplesharedbus.
To designsuchan architecture,in [26], a methodis presentedto
generatemultiprocessorarchitecturesusingpoint-to-pointmodule
interconnectionandarendez-vousprotocol.In [12], [18], and[23],
system-busbasedarchitecturesfor IP integrationareaddressed.In
[23], amulti-mastersystembusbasedonTDMA arbitrationis pre-
sented.Custommultiprocessorarchitectures[1][16] enablehigh
communicationbandwidthandapplication-specificprocessorus-
age.Specifically, in termsof computation,they have application-
specificcomputationmodules(e.g. DSPs,ASIPs,etc.). In terms
of communicationmedia,they have fixed networks (e.g. shared
bus [1][16]) which are not scalable(e.g. the sharedbus is not
scalablein termsof communicationbandwidth). In general,the
architecturesusedin conventionalmethodsof multiprocessorSoC
design[26][18][23][12] andcustommultiprocessorarchitectures
[1][16] are not flexible enoughto meetthe requirementsof dif-
ferentapplicationdomains(e.g. only point-to-pointor sharedbus
communicationis supported.) and not scalableenoughto meet
differentcomputationneedsanddifferentcomplexity of various
applications. In this paper, we presentgenericarchitecturetem-
platesthatareflexible andscalable.

In the caseof classicalmultiprocessorarchitectures,usageof
communication coprocessoris usedto free the processorfrom
communicationtasks[14]. Thecomplexity of communicationco-
processorrangesfrom asimpleDMA controller[11], asuperscalar
RISC processor[14], dual processors[22], even to a processor
identicalto theonefor computation(Intel Paragon[21]).

In recentmethodsof embeddedsystemsarchitectureconstruc-
tion [4][6][18][26], processortemplates[4][26], moregenerally,
wrappers[6][18] are usedto integrateprocessorsand IP blocks
into the architectures. In most of thosemethods,wrappersare
manuallydesignedto adaptprocessors(or IP blocks)to standard-
izedcommunicationprotocol(e.g. rendez-vousin [26]) or shared
on-chipbusprotocols[6][18].

Comparedto thecommunicationcoprocessorsof classicalar-
chitectures,thoseof SoCarchitectures,i.e. wrappersshouldbeop-
timizedfor bothprocessorsandapplicationprotocols/interconnect-
ions. In thispaper, wepresentamethodof architecturegeneration
basedon automaticgenerationof application-specificwrappers.

3. Ar chitecture Templates.
We usegenericmultiprocessorarchitecturetemplatesdefinedin
[2] andexemplified in Figure2. The architecturetemplatecon-
sistsof four typesof elements:processors(includingapplication-
specificcoprocessors),communicationcoprocessors,IP compo-
nents(memorymodules,busbridges,peripherals,etc.),andcom-
municationnetwork(s). In the architecturetemplates,the inter-
connectionof processorsandcommunicationcomponentsto the

Figure 2. Genericmultiprocessorarchitecturetemplates.

communicationnetwork(s) is accomplishedby instantiatingcom-
municationcoprocessorsbetweenthem.

Architecturetemplatesareparameterizedfor the four typesof
elements.Thus,architecture generation is customizingthe ar-
chitecture elementswith parameters. A generatedarchitecture
canbe consideredasan instanceof a genericmultiprocessorar-
chitecturetemplate.

Themainparametersof eachtypeof architecturalelementare
asfollows.
(1) Processorparameters:� Processortypes(Pentium,ARM7, 68000,DCT, Viterbi de-

coder, etc.)� Numberof processorsfor eachprocessortype� Memorysizeandmemorymap� Local busconfigurationparameters(e.g. data/addressmul-
tiplexing)

(2) Parametersof communicationcoprocessor� Interconnection(s)of processor(or IP component)with other
processorsor IP components� Communicationprotocolandparametersfor eachintercon-
nection:e.g.master/slaverelation1, datatypesof transferred
data,fifo size,etc.� For eachchannel,allocatedaddressbank(s)and interrupt
usage/level.

(3) Parametersof IP component� Sizeof datastorage,allocatedaddressbank(s),etc.

(4) Parametersof communicationnetwork� Dynamicor static interconnectionsamongprocessorsand
IP componentsvia thecommunicationnetwork(s).

Figure2 shows genericmultiprocessorarchitectures.Thefirst
one(Figure2 (a)) may includeseveral heterogeneousprocessors
(generalpurposeprocessorsand/orapplication-specificprocessors),
anda setof specificIP devices(sharedmemories,FIFOs,etc.).A
fully connectedpoint-to-pointnetwork is usedascommunication
network. Thesecondexampleof genericmultiprocessorarchitec-
ture (Figure2 (b)) containsa system-bus insteadof the point-to-
pointnetwork of Figure2 (a).

Figure3 shows the generalmodel of the communicationco-
processorpresentedin this paper. The communicationcoproces-
sorconsistsof two parts:processoradapter, i.e. processor-specific�

Weusethesamedefinitionsof master/slaveportsasin [4] whereamaster
port is definedto beaport thatinitiatesthecommunicationandaslaveport
is definedto bea port of which thecommunicationis initiatedonly by its
correspondingmasterport.



Figure 3. Communicationcoprocessor.

Figure 4. MP SoCarchitecturegenerationflow.

partandchanneladapters,i.e. application-specificpart. The two
partsare interconnectedthroughan internalcommunicationbus.
This model allows to: (1) adaptthe heterogeneousfeaturesof
processorto thecommunicationnetwork, and(2) enableeasyim-
plementationof differentcommunicationprotocolssuchasmulti-
masterbusor broadcasting.Thedetailsof communicationcopro-
cessorswill begivenin Section5.
4. SystemSpecificationandRefinementin our
MP SoCDesignFlow.
We representthesystemwith a hierarchicalnetwork of modules.
A moduleconsistsof behavior andport(s), i.e. behavior andcom-
municationareseparatelydescribed.Modulesareconnectedwith
eachother by connectingtheir ports via communication chan-
nels(in short,channels).We useawrapper whenthemodulehas
differentcommunicationbehavior (e.g. differentcommunication
protocol)thanthecommunicationchannel(s).

To representsystemcommunication,we usethreeabstraction
levels of communication:systemlevel, macro-architecturelevel,
andmicro-architecturelevel. At the systemlevel, modulescom-
municatewith eachotherexchangingmessagesover the system
level channel. Thereis no specificcommunicationprotocol for
systemlevel channels.Thus,systemlevel channelsprovide only
two kinds of functions,sendand receive for the ports to access
them. At the macro-architecturelevel, eachchannelis given its
own communicationprotocol (e.g. FIFO, handshake, etc.) and
parameters(e.g. FIFO size). Macro-architecturelevel channels
provide protocol-specificfunctions(e.g. fifo available,fifo write,
etc.) for theportsto accessthem.At themicro-architecturelevel,
communicationis representedatcycle accuratelevel.

Figure4 shows a simpleview of multiprocessorSoCarchitec-
ture generation. In our flow, architecturegenerationmeansim-
plementingwrappersandcommunicationchannelsfrom amacro-
architecture down to a micro-architecture. As shown in Figure
4 (a), in a macro-architecture,modules(with wrappers)arecon-

Figure 5. A macro-architecturespecificationof IS-95sys-
tem.

nectedwith eachothervia channels.After thearchitecturegener-
ation,amicro-architecture(shown in Figure4 (b)) is implemented
wherewrappersin themacro-architectureareimplementedin the
formsof hardwaremodules(communicationcoprocessors(CCs))
and/orsoftwaremodules(operatingsystems(OSs))dependingon
whetherthe moduleis mappedon a processoror on a HW com-
ponent(e.g. HW IP). In this paper, we focus on the generation
of communicationcoprocessors.For thedetailsof OSgeneration,
thereadersarereferredto [7].

Comparedwith [3], we presenta moreextensive methodfor
multiprocessorarchitecturegenerationin the three points men-
tionedin Section1: (1) genericarchitecturetemplatesexplainedin
Section3, (2) architecturegenerationfrom themacro-architecture
specificationwill beexplainedin therestof thissection,and(3) ar-
chitecturegenerationbasedonthegenerationof application-specific
communicationcoprocessorswill bedetailedin Section5.

We generatea micro-architecturefrom a macro-architecture
specification. Note that, at the macro-architecturelevel, alloca-
tion of processorsandmappingof behavior andcommunication
have beendone. Figure5 shows a macro-architecturespecifica-
tion of an IS-95 CDMA cellular phonesystem[25][27]. In the
figure,rectanglesrepresentmodules,ovals in themrepresenttheir
behavior parts,and small squaresrepresenttheir ports. Arrows
representchannels.In thecaseof Figure5, sincewrappersarenot
yet required,they arenotshown in thefigure.

TheIS-95systemconsistsof voiceencoderanddecoder, CDMA
modemtransmitter(Tx) and receiver (Rx), and two simulation
modelsof basestationanduserinterface.In this case,we assume
thatanarchitecturetemplateconsistingof two ARM7 processors,
two 68000processorsandpoint-to-pointcommunicationnetwork
with handshake protocol,is used.Figure5 shows thatencoderand
decoderaremappedontwo ARM7 processors(ARM7 (1) and(2),
respectively) and Tx and Rx are mappedon two 68000proces-
sors(68000(1) and(2), respectively). In this case,sincewe use
a point-to-pointnetwork in thearchitecturetemplate,eachmacro-
architecturechannelin Figure5 correspondsto a channelat the
micro-architecturelevel. Themacro-architecturechannelhaspa-
rameterssuchascommunicationprotocols.In thisexample,FIFO
andHandshake areassignedto the macro-architecturechannels.
Protocolsof micro-architecturechannelsin thepoint-to-pointnet-
work (in this case,handshake) is not shown in thefigure. Thepa-
rametersof communicationprotocol,e.g.sizeof datastorage,and
datatype arealsospecified.Eachport hasalsoparameterssuch
asmaster/slave, interruptusage,interruptlevels,andallocatedad-
dresses.In Figure5, we denotemasterportswith shadedsquares
andslave portswith blanksquares.The interruptlevelsandallo-
catedaddressesarenotshown in thefiguredueto thespacelimit.



Figure 6. Parametersextractedfrom theIS-95specifica-
tion.

Figure 7. Architecturegenerationflow.
To instantiatea micro-architecturefrom the architecturetem-

plate,parametersareextractedfrom themacro-architecturespeci-
fication.Figure6 shows anexampleof parametersextractedfrom
the specificationof the IS-95 systemin Figure 5. The parame-
ters are resultsof designdecisionsmadeby the designeror by
automatictools. Thegenerationof suchparametersis beyondthe
scopeof this paper.

5. Automatic Generation of Application Spe-
cific MP SoCAr chitectures.
5.1 DetailedFlow of Ar chitectureGeneration.
Figure7 shows the detailedarchitecturegenerationflow for the
caseof IS-95 system(shown in Figure5). For the generationof
themicro-architecture,weuseaprocessorlibrary andaprotocol
library .

Theformerconsistsof a list of processorlocal templatearchi-
tectureswhich consistof four typesof elements:processorcores,
local buses,local IP components(e.g. local memory, addressde-
coder, coprocessors,etc.) andprocessoradapters.Eachelement
hassimulationandsynthesis/implementationmodels: e.g. for a
processor, an instructionsetsimulatorassimulationmodelanda
hardcorelike a layoutmacroasimplementationmodel. Simula-
tion modelsareusedto constructco-simulationmodelsandsyn-

thesis/implementationmodelsareusedto constructthemultipro-
cessorarchitecturefor synthesis.To allow application-specificin-
stantiationof simulationand synthesis/implementationmodels,
themodelshave genericparameters(e.g.memorysize).

The latterconsistsof a list of channeladapters.Eachchannel
adapterhassimulation,estimation,andsynthesismodelsthatare
parameterized(by thechannelparameters,e.g. direction,storage
sizeanddatatype) asthe elementsin the processorlibrary. The
estimationmodelsenabletheperformance/costestimationof com-
municationprotocolimplementationin termsof HW area,power
consumption,run-time,utilization,etc.

In Figure7, we show, in the macro-architecturespecification,
two modulesmappedon two processors,CPUxandCPUy. In the
figure, two communicationprotocols,FIFO andHandshake, are
assignedto two communicationchannels.Thesizesof datafor the
protocols(1 and11, respectively) arealsoshown. More detailsof
specificationandparametersextractionaregivenin Section4.

As mentionedin Section3, a micro-architectureis generated
from an architecturetemplateby setting the parametersfor the
four typesof elements:processorlocal architectures, commu-
nication coprocessors, IP componentsandcommunicationnet-
work(s). To instantiatea processorlocal architecturefrom the
processorlibrary, parameterssuchas size of local memoryand
channel-accessaddressesare used. The communicationcopro-
cessoradaptstheprocessorto the communicationnetwork andit
implementsthe protocolsof communicationchannels.Thus, to
instantiatecommunicationcoprocessors,both processorandpro-
tocol librariesareused.

The processoradapter in the communicationcoprocessoris
selectedfrom theprocessorlibrary andconfiguredwith thecorre-
spondingarchitectureparameters(allocatedaddresses,numberof
interrupts,andtheir levels). It performs(1) channelaccessdetec-
tion by addressdecoding(by a Read/WriteFSM exemplifiedin-
sideof a communicationcoprocessorof Figure7), (2) channelse-
lection,and(3) interruptmanagement.Theaddressdecoderin the
processoradapteris configuredby a look-uptablegeneratedfrom
theparametersfor allocatedaddresses(e.g. 0x7000,0x7004,and
0x7008for ARM7 asshown in Figure6). Theprocessoradapter
enablesa channeladapterby sendingto it anenablesignalwhen
the channeladapter, i.e. its channelis accessedby the proces-
sor. Sinceenablesignalsare used,the internal communication
bus (ICB) of the communicationcoprocessor, shown in Figure3
and7, doesnot have addresslines,which givesaneasyandarea-
efficient implementationof communicationcoprocessors.Thein-
terrupt controller is configuredfrom the architectureparameters
relatedwith interrupts(e.g.thenumberof interrupts,their levels).

Thechanneladapter implements(1) thecommunicationpro-
tocol of themacro-architecturelevel channeland(2) theprotocol
of theconnectedcommunicationnetwork atthemicro-architecture
level. Therearetwo typesof channeladapterdependingon thedi-
rectionof channelcommunication:input/outputchanneladapter.
For eachchannelin the macro-architecturelevel specification,a
pairof channeladaptersareselectedfrom theprotocollibrary with
the parameterof the communicationprotocol(type of communi-
cationprotocol)andthey areconfiguredwith thearchitecturepa-
rameters(e.g. input/output,master/slave, datatype, buffer size,
interruptusage).
5.2 Communication CoprocessorsGeneration.
Figure8 showsexamplesof processorlocalarchitecturesandcom-
municationcoprocessors(two shadedrectangles)instantiatedfor
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Figure 8. A generatedarchitecture.
the ARM7 processorof encoderand the 68000processorof Tx
with theparametersof Figure6. In theexample,thelocalarchitec-
tureconsistsof a processorcore(ARM7 or 68000),severalmem-
ory cores,andanaddressdecoder. A processoradapterandchan-
neladapters(in eachcommunicationprocessor)areconnectedvia
theinternalcommunicationbus(ICB).

In Figure8, channeladaptersareinstantiatedwith theparame-
tersof Figure6. For instance,in thecommunicationcoprocessor
of theARM7 processor, outputchanneladapter2 (CA2 in Figure
8) is instantiatedwith thefollowing parametersof Figure6.� Channelinterconnection:Enc � Tx (point to point)� Communicationprotocol: FIFO (macro-architectureproto-

col) andhandshake(theprotocolof communicationnetwork
in themicro-architecture)� Channelsize:11,short (16bit width)� Porttype:Master, IRQ� Allocatedaddress:0x7004on ARM7

Thechannelinterconnectionparameterdirectstheinterconnection
of CA2 with its counterpartin the communicationcoprocessor
of 68000processor. The channeladapter, CA2 implements(1)
thecommunicationprotocolof macro-architecturechannel,in this
case,FIFO and(2) thatof connectedcommunicationnetwork, in
this case,the handshake protocol of the point-to-pointnetwork.
Thechannelsizeof FIFO,11 dataitemsof datatypeshort, de-
terminesthe size of datastoragein the output channeladapter,
CA2 andthewidth of datasignal(16 bit width) betweenthe two
connectedchanneladapters.To connecttwo channeladaptersvia
thepoint-to-pointcommunicationnetwork with handshake proto-
col, two control signals(ReqandAck, they arenot shown in the
figuredueto thespacelimit) of handshake protocolareusedbe-
tweenthetwo channeladaptersaswell asonedatasignal(in this
case,16 bit data)for the datatransmissionof FIFO asshown in
Figure8.

Theport type(in thiscase,MasterandIRQ) determinestheus-
ageof interrupt.Theinterruptrequestsignalof thechanneladapter
is connectedto the interrupt controller of the processoradapter.
Theallocatedaddress(in this case,0x7004on ARM7) is usedto
configuretheaddressdecoder(in theprocessoradapter)to enable
CA2 whentheaddress,0x7004is accessedby theARM7 proces-
sor. The instantiationof moduleadaptersand channeladapters
worksin thesamewayfor theothercommunicationcoprocessors.

6. Experiments.
In theexperiments,weusetwo systemexamples:apacket routing
switchsystem,andtheIS-95system.

Figure 9. A packet routingswitchsystem.
6.1 Packet Routing Switch System.
Thepacket routing switch system[13] constituteslarge-frameor
cell-switchingsystems. Figure 9 shows the block diagram. It
consistsof two input controllers(ICs) andtwo outputcontrollers
(OCs). Eachof thecontrollershandlesonecommunicationchan-
nel. Thecommunicationlinks betweeninputandoutputcontrollers
areconfiguredby anexternalsignal(Modein thefigure).

We generatetwo target architectures:one consistingof two
ARM7 processorsand two 68000processorsand the othercon-
sistingof oneARM7 processorandone68000processor. We use
point-to-pointinterconnectionin thearchitectures.For two cases
of architectures,we generatefour andtwo communicationcopro-
cessors,respectively. Furtherdetailsrelatedto this casestudyare
availablein [2].

Cycle-accurateco-simulationsof the architecturesallowed to
measurethe latency of communicationcoprocessor:2 (4) clock
cycles for 68000write (read)operations2 and4 (4) clock cycles
for ARM7 write (read)operations.

HW synthesisof thecommunicationcoprocessorsgives5,156
gates(for four communicationcoprocessorsspecifiedwith gen-
eratedVHDL-RTL models,exceptsix FIFOs3 in the caseof two
ARM7’s + two 68000’s) and3,376gates(for two communication
coprocessorsexcept six FIFOs in the caseof one ARM7 + one
68000)in termsof HW areacost(AMS 0.6 � m CMOS).In both
cases,communicationcoprocessors(except the FIFOs) take less
than5%overheadin total systemarea.4

6.2 IS-95 System.
We measuredthesystemdesigntime to designthe IS-95system.
Table1 shows the designtime for four designstepsrequiredto
implementthesystemona four-processortargetarchitecturetem-
plate. In the systemdesign,we appliedthe presentedarchitec-
ture generationflow to the architecturedesignstepandwe per-
formedmanual designfor the otherthreedesignsteps.The pa-
rameterextractionstepincludessuchefforts asthecompilationof
applicationcodesto estimatethesizeof requiredmemoryaswell
asthe parameterextractionfrom the architecture-level specifica-
tion explained in Section4. In the architecturedesign,we use
bothprocessorandprotocollibrariesto constructthecommunica-
tion coprocessors.In the table, the SoftwareCodingsteprepre-
sentssystemcall insertionin theC codeof the IS-95systemand
Co-simulationSetuprepresentsthebuilding of cycle-accurateco-
simulationmodels.5 This experimentshows thata multiprocessor
systemcanbedesignedwithin a few days/manwith our architec-
turegenerationflow.

7. Evaluation.
Comparedwith conventionalwrapperapproaches[6][18][24], the
main differencesof our communicationcoprocessorare (1) de-
�
Theprocessorandits CCaresharingthesameclocksignal.�
Thesystemhassix FIFOsat theoutputsof input/outputcontrollers.�
We estimatethat theARM7 processortakesabout40K gates,the68000

processortakesabout10K gates,andthelocalmemoryof processorstakes
about10K gates.	

Currently, we arealsoworking on thedevelopmentof anautomatictool
to generateco-simulationmodels. With the tool, the designtime of the
co-simulationsetupstepcouldbereduceddown to lessthanonehour.



Table 1. Designtime in IS-95systemdesign.
DesignStep DesignTime

ParameterExtraction 
 2 hr x 4
ArchitectureDesign � 1 hr

SoftwareCoding 
 4 hr x 4
Co-simulationSetup 
 8 hr ( � 1 hr)

Total � 33hr (26 hr)

compositionof wrapper functionalities into softwareandhard-
ware parts and decompositionof HW wrapper functionalities
into processoradapter and channel adapters and (2) the in-
tegration of communication protocol implementation into the
wrapper. Notethatsincewe usewrappers,our approachbenefits
alsofrom wrapper-baseddesign:modulardesignandeasyintegra-
tion. Sucha decompositionof functionalitiesenablesautomatic
generationof wrapperin softwareandhardwareparts. The inte-
grationof communicationprotocolimplementationinto thewrap-
pergivesalsoadvantages:
(1) It enablesHW/SW trade-off of communicationimplementa-
tion. By integratingtheimplementationof communicationproto-
col into the communicationcoprocessordesign,thedesignercan
performtrade-off in communicationprotocolimplementation.For
instance,he/shecanperformtrade-off in a FIFO channelimple-
mentationfrom full HW FIFO, mixedHW/SW FIFO, andto full
SWFIFO.
(2)Modularandscalableimplementationof broadcastingandmulti-
mastercommunicationnetworks: sinceeachcommunicationco-
processorcanimplementchanneladaptersfor master/slave ports,
broadcastingand/ormulti-masterbus canbe easily implemented
by connectingthe channeladaptersto a broadcastingor multi-
masterbus. Thanksto the decompositionof communicationco-
processorinto processoradapterandchanneladapters,suchanin-
tegrationis alsoscalableto any sizesof broadcasting/multi-master
networks.

8. Conclusion.
In this paper, we presenteda designflow for application-specific
multiprocessorarchitecturegeneration.In theflow, our contribu-
tion is (1) genericmultiprocessorarchitecturetemplates,(2) ar-
chitecturegenerationfrom anarchitecture-level specification,and
(3) communicationcoprocessorsoptimizedto theapplicationand
thegeneratedarchitecture.Experimentsshow thattherun-timeof
communicationcoprocessoris sufficiently fastandtheareaover-
headof communicationcoprocessorcan be negligible. The ex-
perimentsshow also that multiprocessorarchitecturedesigncan
beachieved in a very shortdesigncycle (in our case,oneor two
weeks/manfor four-processorarchitecturedesign).
9. References.
[1] B. Acklandet al. A Single-Chip1.6 Billion 16-bMAC/s Multipro-

cessorDSP.CustomIntegratedCircuitsConference, 1999.

[2] A. Baghdadi,D. Lyonnard,N. Zergainoh,andA. Jerraya.An effi-
cientarchitecturemodelfor systematicdesignof application-specific
multiprocessorsoc. Proc. DesignAutomationand Test in Europe,
pages55–62,Mar. 2001.

[3] R. A. BergamaschiandW. R. Lee. DesigningSystems-on-ChipUs-
ing Cores.Proc.DesignAutomationConf., June2000.

[4] Coware, Inc. N2C. available at http://www.coware.com/coware
N2C.html.

[5] D. Culler, J. P. Singh,andA. Gupta. Parallel ComputerArchitec-
ture: A Hardware/Software Approach. MorganKaufmannPublish-
ers,Aug. 1998.

[6] D. D. Gajski,J. Zhu,R. D �
 mer, A. Gerstlauer, andS. Zhao. SpecC:

SpecificationLanguage and Methodology. Kluwer AcademicPub-
lishers.,2000.

[7] L. Gauthier, S.Yoo,andA. Jerraya.Automaticgenerationandtarget-
ing of applicationspecificoperatingsystemsandembeddedsystem
software. Proc. DesignAutomationandTestin Europe, pages679–
685,Mar. 2001.

[8] T. Gleerupet al. Memory Architecturefor Efficient Utilization of
SDRAM: A CaseStudyof theComputation/MemoryAccessTrade
Off. Proc. Int’l Workshopon Hardware-Software Codesign, pages
51–55,May 2000.

[9] P. Guerrierand A. Greiner. A GenericArchitecturefor On-Chip
Packet-SwitchedInterconnections. Proc. Design Automationand
Testin Europe, 2000.

[10] F. Harmsze,A. Timmer, andJ.vanMeerbergen.MemoryArbitration
andCacheManagementin Stream-BasedSystems.Proc.DesignAu-
tomationandTestin Europe, Mar. 2000.

[11] M. Homewood and M. McLaren. Meiko CS-2 InterconnectElan-
Elite Design.Proc.of Hot Interconnects, pages2.1.1–4,Aug. 1993.

[12] IBM. The � 
���� � 
�������������� Bus Architecture. avail-
able at http://www.chips.ibm.com/product/ coreconnect/docs/ cr-
con wp.pdf, 1999.

[13] IBM, Inc. 28.4GPacket RoutingSwitch. NetworkingTechnology
Datasheets,available at http://www.chips.ibm.com/product/ core-
connect/docs/crcon wp.pdf.

[14] J. Kuskinet al. The StanfordFLASH Multiprocessor.Proc. of the
21stInt’l SymposiumonComputerArchitecture, 1994.

[15] K. Lahiri, A. Raghunathan,G. Lakshminarayana,andS.Dey. Com-
municationArchitectureTuners: A Methodology for the Design
of High-PerformanceCommunicationArchitecturesfor System-on-
Chips.Proc.DesignAutomationConf., June2000.

[16] J. A. J. Leijten et al. PROPHID: A HeterogeneousMulti-Processor
Architecturefor Multimedia. Proc. Int’l Conferenceon Computer
Design, 1997.

[17] J. A. J. Leijten et al. StreamCommunicationbetweenReal-Time
Tasksin aHigh-PerformanceMultiprocessor. Proc.DesignAutoma-
tion andTestin Europe, 1998.

[18] C. K. Lennard, P. Schaumont,G. de Jong, A. Haverinen, and
P. Hardee.Standardsfor System-Level Design:PracticalRealityor
Solutionin Searchof aQuestion?Proc.DesignAutomationandTest
in Europe, Mar. 2000.

[19] H. Lin andW. Wolf. Co Designof Interleaved Memory Systems.
Proc.Int’l WorkshoponHardware-SoftwareCodesign, pages46–50,
May 2000.

[20] R. Lysecky, F. Vahid,andT. Givargis. Experimentswith thePeriph-
eralVirtual ComponentInterface. Proc. Int’l Symposiumon System
Synthesis, Sept.2000.

[21] T. Mattsonet al. An Overview of theIntel TFLOPSSupercomputer.
Intel Technology Journal, 1stquarter1998.

[22] R. S.Nikhil, G. M. Papadopoulos,andArvind. *T: A Multithreaded
Massively Parallel Architecture. Proc. of the 19th Int’l Symposium
onComputerArchitecture, pages156–167,May 1992.

[23] Sonics, Inc. Sonics � Networks, Technical Overview.
Networking Technology Datasheets, available at
http://www.sonicsinc.com/Documents/Overview.pdf, June2000.

[24] Synopsys, Inc. SystemC, Version 2.0. available at
http://www.systemc.org/.

[25] TIA/EIA-95A. Mobile Station-BaseStationCompatibilityStandard
for Dual-ModeWidebandSpreadSpectrumCellularSystems.1995.

[26] S. Vercauteren,B. Lin, andH. D. Man. ConstructingApplication-
Specific HeterogeneousEmbeddedArchitectures from Custom
HW/SWApplications.Proc.DesignAutomationConf., June1996.

[27] S.Yoo,J.Lee,J.Jung,K. Rha,Y. Cho,andK. Choi.FastPrototyping
of an IS-95 CDMA Cellular Phone: a CaseStudy. Proc. the 6th
Conferenceof Asia Pacific Chip DesignLanguages, pages61–66,
Oct.1999.


	Main
	DAC01
	Front Matter
	Table of Contents
	Session Index
	Author Index


