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Abstract

We presenta designflow for the geneition of application-specific
multiprocessorarchitectuies. In the flow, architectual parame-
ters are first extractedfrom a high-level systenspecification.Pa-
rametes are usedto instantiatearchitectual componentssud as
processaos, memorymodulesand communicatiometworks. The
flow includesthe automaticgeneation of communicatiorcopo-
cessolthat adaptsthe processoito the communicatiometworkin
an application-specifiavay. Experimentswith two systemexam-
plesshowthe effectivenessf the presentediesignflow

1. Intr oduction.
To accommodatéheeverincreasingperformanceequirementsf
applicationdomainssuchas xDSL, networking, wireless,game
applicationsetc.,multiprocessoBoCsaremoreandmorerequired.
Suchmultiprocessosystemsshouldbe specificto eachof the ap-
plicationdomainsin thefollowing aspects:
e Kindsof (application-specificprocessoruPs,DSPsASIPs,
andcoprocessorDCT, Viterbi decoderetc.).
¢ Communicatiortcomponentsmemory(e.g. multi-bankmem-
ory [8][19], specialstreambuffers [10]), peripheralg20],
etc.
e Communicatiometworks: sharedbus [15][18][23], circuit
switching[16], paclet switching[9], etc.
Asthemultiprocessoarchitecturesequireheterogeneoupr o-
cessorgfor application-specifioptimization) high-performance
complex communication networks [9] [17] and sophisticated
communication protocols[24] (e.g. broadcastingmulti-master
busesegtc.),architecturggeneratiordemandsignificantdesignef-
forts. Unfortunately for the architecturegenerationcurrentde-
signpracticesallow only limited automatior{3][26] and,for most
parts,designersesortto manuakrchitecturelesignwhichis time-
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consumingand errorprone. Sucha manualprocesscan hardly
afford designspaceexplorationin heterogeneousultiprocessor
architectureslesign.

In our work, we aim at automatinghe architecturegeneration
step.To dothat,the architectureis generatedfr om a high-level
systemdescription therebyfreeingthedesignefrom theinterface
detailsrequiredfor the architecturedesign. Thus,the automation
enableghe designerto focus on more valuabledesigndecisions
suchas processor/communicatiocomponentallocationand be-
havior/communicationrmapping/schedulingn multiprocessomr-
chitectures.In our work, the architecturegeneratioris basedon
instantiation of generic multipr ocessorarchitecture templates
andon the automatic generation of communication coproces-
sors

This paperis organizedasfollows. In Section2, we give a
review of architectureggeneratiorfor multiprocessosystems We
explain genericarchitectureaemplatesandcommunicatiorcopro-
cessordn Section3. In Section4, we introduceour designflow
and describethe high-level systemspecificationfor architecture
generation.In Section5, we addresghe architecturegeneration
flow. In Section6, we give experimentalkesults. The designflow
is evaluatedin Section7 beforeconcludingin Section8.

2. Previous Work.

The main differencebetweenclassical multiprocessotarchitec-
tures[5] and multiprocessoiSoC architecturess that the multi-
processoiSoC architectureshave specificapplicationswhile the
classicalarchitectureiave generalpurposesThis meanghatthe
two kindsof architecturaaresignificantlydifferent.In SoCmulti-
processoarchitecturesincethe specificapplicationhastight de-
sign constraintge.g. low areaand power consumptionand high
performance)application-specifioptimizationof thearchitecture
is necessaryThus,we have to usevariouskinds of processorgto
usea processospecificto theapplication e.g. usageof a DSPfor
voice processingandthe communicatiometworks can not have
regular structur es(from oneapplicationto another)to meetthe
application-specificequirementof communication(e.g. circuit
switch network in multimediaapplicationsand CAN busin auto-
motive applications).

The multiprocessoarchitecturas alsodifferentfrom the con-
ventional uP/coprocessorarchitectureasillustratedin Figure 1,
wherecommunicatiorbetweerprocessoris basecbnmasteuP)/
slave (coprocessorselationship. Interfacesof coprocessorare
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Figure 1. A conventionaluP/coprocessormarchitecture.

generallymadeof memory-mappedegistersandcangeneraten-
terruptsto the processar Multiprocessorarchitecturesntroduce
two new difficulties:

(1) Thearchitecturenayincludemorethanone(application-specific,
i.e. heterogeneousjhastemprocessor

(2) Theinter-processocommunicatiomrmay requiremoresophis-
ticatednetworksthana simplesharedous.

To designsuchan architecturejn [26], a methodis presentedo
generatenultiprocessoarchitecturesisingpoint-to-pointmodule
interconnectiomndarendez-vouprotocol.In[12], [18], and[23],
system-lisbasedarchitecturesor IP integrationareaddressedn
[23], amulti-mastersystembusbasecdn TDMA arbitrationis pre-
sented. Custommultiprocessomarchitecture§1][16] enablehigh
communicatiorbandwidthand application-specifiprocessous-
age. Specifically in termsof computationthey have application-
specificcomputatiormodules(e.g. DSPs,ASIPs, etc.). In terms
of communicatiormedia,they have fixed networks (e.g. shared
bus [1][16]) which are not scalable(e.g. the sharedbus is not
scalablein termsof communicatiorbandwidth). In generalthe
architecturesisedin conventionalmethodsof multiprocesso60C
design[26][18][23][12] and custommultiprocessoirchitectures
[1][16] are not flexible enoughto meetthe requirementf dif-
ferentapplicationdomains(e.g. only point-to-pointor sharedous
communicationis supported.) and not scalableenoughto meet
different computationneedsand different compleity of various
applications. In this paper we presentgenericarchitectureem-
platesthatareflexible andscalable.

In the caseof classicalmultiprocessolrchitecturesusageof
communication coprocessoris usedto free the processoifrom
communicatiortasks[14]. Thecompleity of communicatiorco-
processorangedrom asimpleDMA controller[11], asuperscalar
RISC processoi14], dual processorg22], even to a processor
identicalto the onefor computatiorn(Intel Paragon21]).

In recentmethodsof embeddedystemsrchitectureconstruc-
tion [4][6][18][26], processotemplateq4][26], more generally
wrappers[6][18] are usedto integrate processorand IP blocks
into the architectures.In most of thosemethods,wrappersare
manuallydesignedo adaptprocessorgor IP blocks)to standard-
izedcommunicatiorprotocol(e.g. rendez-ousin [26]) or shared
on-chipbus protocols[6][18].

Comparedo the communicationrcoprocessorsf classicalar
chitecturesthoseof SoCarchitectures,e. wrappershouldbeop-
timizedfor bothprocessorandapplicationprotocols/interconnect-
ions. In this paperwe presenta methodof architectureyeneration
basedn automaticgeneratiorof application-specifievrappers.

3. Architecture Templates.

We usegenericmultiprocessomarchitecturetemplatesdefinedin
[2] and exemplifiedin Figure2. The architecturetemplatecon-
sistsof four typesof elementsprocessorgincludingapplication-
specificcoprocessors);ommunicationcoprocessorsiP compo-
nents(memorymodulesbusbridges,peripheralsetc.),andcom-
municationnetwork(s). In the architecturetemplatesthe inter-
connectionof processorand communicationcomponentgo the
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Figure 2. Genericmultiprocessoarchitecturaemplates.

communicatiometwork(s) is accomplishedy instantiatingcom-
municationcoprocessorbetweerthem.
Architecturetemplatesare parameterizedor the four typesof
elements.Thus,architecture generationis customizingthe ar-
chitecture elementswith parameters A generatedrchitecture
canbe consideredas an instanceof a genericmultiprocessolar-
chitecturetemplate.
The mainparametersf eachtype of architecturaklementare
asfollows.
(1) Processoparameters:

e Processotypes(Pentium ARM7, 68000,DCT, Viterbi de-
coderetc.)
e Numberof processorfor eachprocessotype
e Memorysizeandmemorymap
e Local busconfigurationparameterge.g. data/addressiul-
tiplexing)
(2) Parametersf communicatiorcoprocessor

e Interconnection()f processofor IP componentyvith other
processorsr I[P components

e Communicatiorprotocolandparametergor eachintercon-
nection:e.g.master/slaerelatiort, datatypesof transferred
datafifo size,etc.

e For eachchannel,allocatedaddresshank(s)and interrupt
usage/leel.

(3) Parametersf IP component
e Sizeof datastorageallocatedaddresdank(s).etc.
(4) Parametersf communicatiometwork

e Dynamicor staticinterconnectionamongprocessorsand
IP componentyia the communicatiometwork(s).

Figure2 shaws genericmultiprocessoarchitecturesThefirst
one (Figure 2 (a)) may include several heterogeneougrocessors
(generapurposegrocessorand/orapplication-specifiprocessors),
anda setof specificlP devices(sharednemoriesFIFOs,etc.). A
fully connectegoint-to-pointnetwork is usedascommunication
network. The secondexampleof genericmultiprocessoarchitec-
ture (Figure 2 (b)) containsa system-bis insteadof the point-to-
point network of Figure2 (a).

Figure 3 shavs the generalmodel of the communicationco-
processopresentedn this paper The communicatiorcoproces-
sorconsistof two parts:processoadapteri.e. processospecific

1 We usethe samedefinitionsof master/shee portsasin [4] whereamaster
portis definedto beaportthatinitiatesthecommunicatiorandaslave port
is definedto be a port of which thecommunicatioris initiated only by its
correspondingnasterport.
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partandchanneladaptersi.e. application-specifipart. The two

partsareinterconnectedhroughan internal communicatiorbus.

This model allows to: (1) adaptthe heterogeneougeaturesof

processoto the communicatiometwork, and(2) enableeasyim-

plementatiorof differentcommunicatiorprotocolssuchasmulti-

masterbus or broadcastingThe detailsof communicatiorcopro-
cessorsvill begivenin Section5.

4. SystemSpecificationand Refinementin our
MP SoCDesignFlow.

We representhe systemwith a hierarchicalnetwork of modules

A moduleconsistof behavior andport(s), i.e. behaior andcom-
municationareseparatelyescribed Modulesareconnectedvith

eachotherby connectingtheir ports via communication chan-

nels(in short,channels) We useawrapper whenthemodulehas
differentcommunicatiorbehaior (e.g. differentcommunication
protocol)thanthe communicatiorchannel(s).

To represensystemcommunicationwe usethreeabstraction
levels of communication:systemlevel, macro-architecturéevel,
andmicro-architecturdevel. At the systemlevel, modulescom-
municatewith eachother exchangingmessage®ver the system
level channel. Thereis no specificcommunicationprotocol for
systemlevel channels.Thus, systemlevel channelgrovide only
two kinds of functions,send andreceve for the portsto access
them. At the macro-architecturéevel, eachchannelis givenits
own communicationprotocol (e.g. FIFO, handshad, etc.) and
parameterge.g. FIFO size). Macro-architecturdevel channels
provide protocol-specifidunctions(e.qg. fifo_available, fifo _write,
etc.) for the portsto accesgshem. At the micro-architecturdevel,
communicationis representedt cycle accuratdevel.

Figure4 shaws a simpleview of multiprocessoSoCarchitec-
ture generation. In our flow, architecturegenerationrmeansim-
plementingwvrappersandcommunicatiorchannelsrom a macro-
architecture down to a micro-architecture. As shawvn in Figure
4 (a), in a macro-architecturenodules(with wrappers)are con-

code: 40KB
data: 14KB

code: 20KB
data: 20KB

Figure 5. A macro-architecturspecificatiorof 1S-95sys-
tem.

nectedwith eachothervia channels After the architecturegener

ation,amicro-architecturgshavn in Figure4 (b)) is implemented
wherewrapperdan the macro-architecturareimplementedn the

forms of hardwaremodules(communicatiorcoprocessoréCCs))
and/orsoftwaremodules(operatingsystemqOSs))dependingon

whetherthe moduleis mappedon a processoor on a HW com-

ponent(e.g. HW IP). In this paper we focus on the generation
of communicatiorcoprocessorg-or thedetailsof OSgeneration,
thereadersarereferredto [7].

Comparedwith [3], we presenta more extensve methodfor
multiprocessorarchitecturegenerationin the three points men-
tionedin Sectionl: (1) genericarchitecturaemplatesxplainedin
Section3, (2) architecturegeneratiorfrom the macro-architecture
specificatiorwill beexplainedin therestof thissectionand(3) ar
chitectureggeneratiobasednthegeneratiorof application-specific
communicatiorcoprocessorwill bedetailedin Section5.

We generatea micro-architecturfrom a macro-architecture
specification. Note that, at the macro-architecturéevel, alloca-
tion of processorand mappingof behaior and communication
have beendone. Figure5 shavs a macro-architecturspecifica-
tion of an IS-95 CDMA cellular phonesystem[25][27]. In the
figure, rectanglesepresenmodulespvalsin themrepresentheir
behaior parts,and small squaresepresentheir ports. Arrows
representhannelsin the caseof Figure5, sincewrappersarenot
yetrequired they arenotshavn in thefigure.

ThelS-95systentonsistof voiceencodeanddecoderCDMA
modemtransmitter(Tx) and recever (Rx), and two simulation
modelsof basestationanduserinterface.In this casewe assume
thatanarchitectureemplateconsistingof two ARM7 processors,
two 68000processorandpoint-to-pointcommunicatiometwork
with handsha&protocol,is used.Figure5 shavs thatencodeiand
decodearemappedntwo ARM7 processorARM7 (1) and(2),
respectiely) and Tx and Rx are mappedon two 68000 proces-
sors(68000(1) and(2), respectrely). In this case,sincewe use
apoint-to-pointnetwork in the architecturéemplate eachmacro-
architecturechannelin Figure5 correspondgo a channelat the
micro-architecturdevel. The macro-architecturehannehaspa-
rametersuchascommunicatiorprotocols.In this example, FIFO
andHandshak are assignedo the macro-architecturehannels.
Protocolsof micro-architecturehannelsn the point-to-pointnet-
work (in this case handshak) is not shawvn in thefigure. The pa-
rameterf communicatiorprotocol,e.g. sizeof datastorageand
datatype are also specified. Eachport hasalso parametersuch
asmaster/slae, interruptusagejnterruptlevels,andallocatedad-
dressesln Figure5, we denotemastemortswith shadedsquares
andslave portswith blank squares.The interruptlevels andallo-
catedaddressearenotshavn in thefiguredueto the spacdimit.



Modules | CPU Merpory Comm. Comm. Cha'nnel Port Allocated
Size Channels |Protocols Size Type Address

ARM7 | ROM: 42kB | UIF = Enc FIFO 160, int Master, IRQ 0x7000

Encoder Enc = Tx FIFO 11, short Master, IRQ 0x7004

40MHz | RAM: 14KB g 7y | Handshake | 1shot | SlaveRQ | 0x7008

ARM7 | ROM: 40k | Dec= UIF FIFO 160,int | Master,IRQ |  0x7000

Decoder Rx = Dec FIFO 11, short Master, IRQ 0x7004

40MHz | RAM: 14KB ["o " nec | Handshake |  1,shot | Siave IRQ 0x7008

Enc = Tx FIFO 11, short Slave, Level 3 0x9000

M68000| ROM: 20KB Enc = Tx Handshake 1, short Master, Level 4 0x9002

™ 20 MHz | RAM: 20KB Tx = HWM FIFO 36, short Master, Level 5 0x9004

Tx = HWM | Handshake 1, short Master, Level 6 0x9006

Rx = Dec FIFO 11, short Slave, Level 3 0x9000

M68000| ROM: 20KB | Ry — Dec | Handshake 1, short Master, Level 4 0x9002

Rx 20 MHz | RAM: 20KB | HWM = Tx FIFO 36, short | Master, Level 5 0x9004

HWM = Tx | Handshake 1, short Master, Level 6 0x9006

UIF model [SystemC) UIF = Enc FIFO 160, int Slave -

Dec = UIF FIFO 160, int Slave
Tx = HWM FIFO 36, short Slave
Base Station [SystemC) Tx = HWM | Handshake 1, short Slave
HWM = Rx FIFO 36,shot | Siave
HWM = Rx | Handshake 1, short ‘ Slave

Figure 6. Parameterextractedfrom the 1S-95 specifica-
tion.
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Figure 7. Architecturegeneratiorflow.

To instantiatea micro-architecturdrom the architectureem-
plate,parameterareextractedfrom the macro-architecturepeci-
fication. Figure6 shawvs anexampleof parametersxtractedfrom
the specificationof the 1S-95 systemin Figure5. The parame-
ters are resultsof designdecisionsmadeby the designeror by
automatictools. The generatiorof suchparameterss beyondthe
scopeof this paper
5. Automatic Generation of Application Spe-
cific MP SoCAr chitectures.

5.1 Detailed Flow of Ar chitecture Generation.

Figure 7 shavs the detailedarchitecturegeneratiorflow for the
caseof 1S-95 system(shavn in Figure5). For the generatiorof
themicro-architectureywe usea processolibrary andaprotocol
library .

Theformerconsistsof alist of processotocal templatearchi-
tectureswhich consistof four typesof elementsprocessocores,
local buses|ocal IP componentge.g. local memory addresgsle-
coder coprocessorstc.) and processoradapters.Eachelement
hassimulationand synthesis/implementatiomodels: e.g. for a
processqraninstructionsetsimulatorassimulationmodelanda
hardcorelike a layout macroasimplementatiormodel. Simula-
tion modelsare usedto constructco-simulationmodelsand syn-

thesis/implementatiomodelsare usedto constructthe multipro-
cessomrchitecturdor synthesisTo allow application-specifiin-

stantiationof simulationand synthesisimplementationmodels,
themodelshave genericparameterge.g. memorysize).

The latter consistsof a list of channeladapters Eachchannel
adapterhassimulation,estimation,andsynthesismodelsthatare
parameterizedby the channelparameterse.g. direction,storage
sizeanddatatype) asthe elementsn the processotibrary. The
estimatiormodelsenablethe performance/cogstimatiorof com-
municationprotocolimplementatiorin termsof HW area,power
consumptionrun-time, utilization, etc.

In Figure7, we shaw, in the macro-architecturgpecification,
two modulesmappedon two processorsCPUxandCPUy In the
figure, two communicationprotocols,FIFO and Handshag, are
assignedo two communicatiorchannelsThesizesof datafor the
protocols(1 and11, respectiely) arealsoshavn. More detailsof
specificatiorandparametergxtractionaregivenin Section4.

As mentionedin Section3, a micro-architecturés generated
from an architecturetemplateby settingthe parameterdor the
four typesof elements:processorlocal architectures commu-
nication coprocessorslP componentsandcommunication net-
work(s). To instantiatea processolocal architecturefrom the
processolibrary, parametersuchas size of local memoryand
channel-accesaddressesre used. The communicationcopro-
cessoradaptsthe processoto the communicatiometwork andit
implementsthe protocolsof communicationchannels. Thus, to
instantiatecommunicatiorcoprocessordyoth processoand pro-
tocol librariesareused.

The processoradapter in the communicationcoprocessors
selectedrom the processofibrary andconfiguredwith the corre-
spondingarchitectureparametersallocatedaddressesyumberof
interrupts,andtheir levels). It performs(1) channelaccessletec-
tion by addresgdecoding(by a Read/WriteFSM exemplifiedin-
sideof acommunicatiorcoprocessoof Figure7), (2) channeke-
lection,and(3) interruptmanagementTheaddresslecodein the
processordaptelis configuredby alook-uptablegeneratedrom
the parametersor allocatedaddressege.g. 0x7000,0x7004,and
0x7008for ARM7 asshown in Figure6). The processoadapter
enablesa channeladaptetby sendingto it an enablesignalwhen
the channeladapteri.e. its channelis accessedy the proces-
sor Sinceenablesignalsare used,the internal communication
bus (ICB) of the communicationcoprocessorshavn in Figure 3
and7, doesnot have addresdines, which givesan easyandarea-
efficientimplementatiorof communicatiorcoprocessorsThein-
terrupt controlleris configuredfrom the architectureparameters
relatedwith interrupts(e.g.the numberof interrupts their levels).

The channeladapter implementq1) the communicatiorpro-
tocol of the macro-architecturevel channeland (2) the protocol
of theconnecte&ommunicatiometwork atthemicro-architecture
level. Therearetwo typesof channeldapteidependingnthedi-
rectionof channelcommunication:input/outputchanneladapter
For eachchannelin the macro-architecturéevel specification,a
pairof channebdaptersreselectedrom the protocollibrary with
the parametenf the communicatiorprotocol (type of communi-
cationprotocol)andthey are configuredwith the architecturepa-
rameterg(e.g. input/output,master/slae, datatype, buffer size,
interruptusage).

5.2 Communication Coprocessorsseneration.
Figure8 shaws examplesof processolocalarchitecturesandcom-
municationcoprocessorftwo shadedectangles)nstantiatedor
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the ARM7 processomf encoderand the 68000 processonf Tx
with theparametersf Figure6. In theexample thelocalarchitec-
ture consistof a processocore(ARM7 or 68000),severalmem-
ory cores,andanaddresslecoder A processoadapteandchan-
neladaptergin eachcommunicatiorprocessorareconnectedia
theinternalcommunicatiorbus (ICB).

In Figure8, channeldapterareinstantiatedvith the parame-
tersof Figure6. For instancejn the communicatiorcoprocessor
of the ARM7 processqroutputchanneladapter2 (CA2 in Figure
8) is instantiatedwith thefollowing parametersf Figure6.

e ChannelnterconnectionEnc=- Tx (pointto point)

e Communicatiorprotocol: FIFO (macro-architectureroto-
col) andhandsha& (theprotocolof communicatiometwork
in themicro-architecture)

e Channekize:11,short (16 bit width)

e Porttype: Master IRQ

o Allocatedaddress0x7004on ARM7
Thechannelinterconnectioparametedirectstheinterconnection
of CA2 with its counterpartin the communicationcoprocessor
of 68000processor The channeladapter CA2 implements(1)
thecommunicatiorprotocolof macro-architecturehanneljn this
case FIFO and(2) that of connecteccommunicatiometwork, in
this case,the handsha& protocol of the point-to-pointnetwork.
Thechannekizeof FIFO, 11 dataitemsof datatypeshort , de-
terminesthe size of datastoragein the output channeladapter
CA2 andthe width of datasignal (16 bit width) betweerthe two
connectedhanneladaptersTo connectwo channeladapterwvia
the point-to-pointcommunicatiometwork with handsha& proto-
col, two control signals(RegandAck, they arenot shavn in the
figure dueto the spacelimit) of handsha& protocolare usedbe-
tweenthe two channeladaptersaswell asonedatasignal(in this
case,16 bit data)for the datatransmissiorof FIFO asshown in
Figure8.

Theporttype(in thiscaseMasterandIRQ) determinesheus-
ageof interrupt. Theinterruptrequessignalof thechannebdapter
is connectedo the interrupt controller of the processomdapter
The allocatedaddresgin this case,0x7004on ARM7) is usedto
configurethe addresslecoder(in the processondapterfo enable
CA2 whenthe addressQx7004is accessetty the ARM7 proces-
sor  The instantiationof module adaptersand channeladapters
worksin the sameway for the othercommunicatiorcoprocessors.
6. Experiments.

In theexperimentswe usetwo systemexamples:a paclet routing
switchsystemandthe [S-95system.

point-to-pointinterconnectiorin the architecturesFor two cases
of architecturesywe generatdour andtwo communicatiorcopro-
cessorsrespectiely. Furtherdetailsrelatedto this casestudyare
availablein [2].

Cycle-accurateo-simulationsof the architecturesllowed to
measurehe lateny of communicationcoprocessor2 (4) clock
cyclesfor 68000write (read)operation$ and 4 (4) clock cycles
for ARM7 write (read)operations.

HW synthesiof the communicatiorcoprocessorgives5,156
gates(for four communicationcoprocessorspecifiedwith gen-
eratedVHDL-RTL models,exceptsix FIFOS in the caseof two
ARMT7’s + two 680005) and3,376gates(for two communication
coprocessorgxceptsix FIFOsin the caseof one ARM7 + one
68000)in termsof HW areacost(AMS 0.6 um CMOS).In both
casescommunicationcoprocessorgexceptthe FIFOs)take less
than5% overheadn total systemarea®

6.2 1S-95 System.

We measuredhe systemdesigntime to designthe IS-95 system.
Table 1 shaws the designtime for four designstepsrequiredto
implementthe systemon a four-processotargetarchitecturdéem-
plate. In the systemdesign,we appliedthe presentedarchitec-
ture generatiorflow to the architecturedesignstepand we per
formed manual designfor the otherthreedesignsteps. The pa-
rameterextractionstepincludessuchefforts asthe compilationof
applicationcodesto estimatethe sizeof requiredmemoryaswell
asthe parameteextractionfrom the architecture-leel specifica-
tion explainedin Section4. In the architecturedesign,we use
both processoandprotocollibrariesto constructhe communica-
tion coprocessorsin the table, the Software Coding steprepre-
sentssystemcall insertionin the C codeof the 1S-95 systemand
Co-simulationSetuprepresentshe building of cycle-accurateo-
simulationmodels® This experimentshaws thata multiprocessor
systemcanbe designedwithin a few days/marwith our architec-
turegeneratiorflow.

7. Evaluation.

Comparedvith cornventionalwrapperapproachef6][18][24], the
main differencesof our communicationcoprocessoare (1) de-

2The processorndits CC aresharingthe sameclock signal.

3The systemhassix FIFOsat the outputsof input/outputcontrollers.
4We estimatethatthe ARM7 processotakesabout40K gatesthe 68000
processotakesaboutl0K gatesandthelocal memoryof processortakes
aboutl0K gates.

5Currently we arealsoworking on the developmentof anautomatictool
to generateco-simulationmodels. With the tool, the designtime of the
co-simulationsetupstepcouldbe reduceddown to lessthanonehour



Table 1. Designtime in IS-95 systemdesign.

| DesignStep | DesignTime ]
ParameteExtraction ~2hrx4
ArchitectureDesign <1lhr
SoftwareCoding ~4hrx4

Co-simulationSetup
Total

~8hr(< 1hr)
< 33hr(26hr)

compositionof wrapper functionalities into softwareand hard-
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 usewrapperspur approactbenefits
alsofrom wrapperbasediesign:modulardesignandeasyintegra-
tion. Sucha decompositiorof functionalitiesenablesautomatic
generatiorof wrapperin software and hardware parts. Theinte-
grationof communicatiorprotocolimplementatiorinto the wrap-
pergivesalsoadwantages:

(1) It enablesHW/SW trade-of of communicationmplementa-
tion. By integratingthe implementatiorof communicatiorproto-
col into the communicatiorcoprocessodesign,the designercan
performtrade-of in communicatiorprotocolimplementation For
instance he/shecan performtrade-of in a FIFO channelimple-
mentationfrom full HW FIFO, mixed HW/SW FIFO, andto full
SWFIFO.

(2) Modularandscalablemplementatiorof broadcastingndmuilti-
mastercommunicatiometworks: sinceeachcommunicationco-
processocanimplementchanneladaptergor master/slee ports,
broadcastingnd/ormulti-masterbus can be easilyimplemented
by connectingthe channeladaptersto a broadcastingor multi-
masterbus. Thanksto the decompositiorof communicationco-
processointo processorndaptermandchannelbdapterssuchanin-

tegrationis alsoscalableo ary sizesof broadcasting/multi-master

networks.

8. Conclusion.

In this paper we presentedx designflow for application-specific
multiprocessoarchitecturegeneration.In the flow, our contritu-
tion is (1) genericmultiprocessolarchitecturetemplates(2) ar
chitecturegeneratiorfrom anarchitecture-leel specificationand
(3) communicatiorcoprocessorsptimizedto the applicationand
thegeneratedrchitecture Experimentshav thatthe run-timeof
communicatiorcoprocessois suficiently fastandthe areaover-
headof communicationcoprocessocan be negligible. The ex-
perimentsshav also that multiprocessomrchitecturedesigncan
be achieved in a very shortdesigncycle (in our case,oneor two
weeks/marior four-processoarchitecturedesign).
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