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Abstract

Theparticular form of the taskgraph of manytelecom-
munication applications permits a high level of coarse
grained parallelism. We considera classi cation appli-
cation on a telecommunicatiororiented multi-processor
system-onduip (MP-SoC)platform. The hardware archi-
tecture on which this type of application is executedcan
containa variablenumberof programmablerocessosand
of dedicatechardwatre co-processcs, sharingthe samead-
dressspace Inter-task communicationsare implemented
via Multi Writer Multi ReaderFIFOs placed in shaed
memory This paperanalyzesadditionsand modi cations
requiredto enablethe DesignSpaceExplorer DSXto meet
therequirementdgor thedeploymenbf sud anapplication.

1 Intr oduction

Telecommunicationapplicationscan be considereda
special caseof streamingapplications; They are usually
processingpaclet streams wherethe sameprocessings
performedon eachpaclet, but the actual computingde-
pendson the paclet contents. Throughputrequirements
arevariable:backboneequipmentssuchasroutersrequire
highthroughputaindlow processingerpaclet, while traf c
analysisrequiredessthroughputut intensive computation
perpaclet. For [17], this variableprocessindime, depend-
ing onthe paclettype,is themaincharacteristiof network
applications.

We focuson telecommunicatiompplicationswritten in
the form of a setof coarsegrain parallelthreadscommuni-
catingwith eachother Intertaskcommunicationsan be
donethroughmessag@assingike in STepNP[12], mod-
eledin the form of data o w graphslike Streamlt[6] and
Ptolemy[3] or canusethe sharedmemorycapabilitiesof
themulti-processohardwarearchitecture.

KahnProcesdNetworks (KPN [9]) proposea semantics
of intertaskcommunicatiorthroughin nite FIFOchannels
with nonblockingwrites andblocking reads. Suchin nite
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channelsare impossibleto implement,thus KPN formal-
ism hasbeenadaptedfor exampleby YAPI [5]. To deal
with theselectproblemYAPI introducegheselectunction,
which makesthe modelnondeterministicimplementations
of YAP| areCOSY[2] andSFADE [18]. Disydent(Digital
SystemDesignEnvironment[1]) is alsobasedupon KPN
andusespoint to point FIFOs. While the KPN formalism
is well suitedfor video and multimediaapplications,that
canbemodeledby ataskgraphwhereeachcommunication
channelhasonly oneproducerandone consumeyit is not
corvenientfor telecommunicationapplicationsvhereser-
eral tasksaccesshe samecommunicatiorbuffer, in order
to consumgor produce)pacletdescriptors.

MWMR (Multi-Writer / Multi-Reader)channeld8] are
software FIFOsthat canbe accessethy severalreaderand
writer tasks. The communicatiorprotocolis describedn
more detail in [7]. The genericMWMR communication
channelsupportsboth hardware or software produceror
consumermaking possibleto decidequite late whethera
taskshouldbeimplementedn softwareor hardware.

DSX (DesignSpaceExplorer, [10]) is basedupon the
MWMR conceptlt extendsDisydentby acomfortableuser
API for designspaceexploration. The aim of DSX is to
have oneapplicationdescriptionpnehardwaredescription,
andmappingruleswhich canbeeasilymodi ed, all written
down in onecommonlanguage.lt offers extensive detug
capabilities:the arduoustask of deploymentcomeshefore
the ne-tuning of parameters.

2 Application Speci cation

In orderto extractthecoarsegrainparallelismfrom a se-
guentialapplication,two basicapproachegxist. The rst
one relies on the coarse-grainedegmentationof the se-
guentialapplication. The algorithmis split into functional
taskgthatexecutesequentially Thisis calledpipelineparal-
lelism The otherconsistdn duplicatingthe whole sequen-
tial applicationinto mary clones.All thetasksaredoingthe
samejob, but eachoneon differentdata. This is known as
taskfarm parallelism This taskfarm modelis corvenient



for telecommunicatiorapplicationsprocessingsuccessie
andindependenpacletsin a GigabitEthernetstream.

Task graph Task farm and pipeline parallelismcan be
combinedto yield any hybrid of graphbetweenthesetwo
formssuchas gure 1. All communicatiorbetweentasks

Figure 1. Example of hybrid parallelism

usepointto pointchannelsthatcanbeimplementedssoft-
ware FIFOs, in orderto handlethe asynchronoubeha-
ior of thetasks. Figure 1 represent€ommunicatiorchan-
nelsby arrovs betweertasks.The FIFOsimplementingthe
communicatiorchannelsareimplicit.

MWMR channels In mary casesthe dataproducedby
ataskis not destinedto one particulartask, but ratherto a
classof tasks.AssumethattasksT00, TO1 andT02in g-
ure 1 arethreeinstancef the samecomputationandthat
T10,T11landT12 arethreeinstanceof anothercomputa-
tion. In this case,the rst threetaskscansendtheir out-
putto ary of the threeothers. It is evidentthatwe should
try to replacethe nine separateommunicatiorchannely
onesingle, multi-accescommunicatiorchannel.Figure 2
shavsonesingleFIFO, sharedy threeproducersandthree
consumers.

Oxill

Figure 2. explicit MWMR channels

This new taskandcommunicatiorgraph(TCG)is now a
bipartitegraphthatdescribeghe intrinsic coarsegrain par
allelismof theapplicationwithoutprecisingthetypeof im-
plementation:As both programmablgrocessorandhard-
ware coprocessorsanreadfrom or write to a given soft-
ware MWMR, eachtask can be implementedeitheras a
softwaretask(runningon a a programmablerocessor)or
as a dedicatedhardware coprocessor KPN channelscan
beimplementechsa specialcaseof the proposedMWMR
communicatiorformalism: In orderto implementthe KPN
semanticthe taskgraphmusthave only one producerand

oneconsumeperchannelandall theaccessetw the FIFOs
mustbeenclosednto aloop[11].

3 The TargetHardware Ar chitecture

The target hardware architectureis a multi-processor
systenonchipbasedn SoCLib[16]) componentandrun-
ning the MUTEK [14] micro kernel. It containsa variable
numberof 32 bits processorgcurrently MIPS R3000), a
variablenumberof embeddedRAM banksandothercom-
ponentssuchaslock engine,interruptcontroller and ses-
erall/O coprocessorsAll thesecomponentsarecommuni-
catingthrougha VCI/OCB compliantmicro-network [19].
Therearetwo typesof componentsinitiators andtargets.
Initiatorssendrequespaclets,routedto theappropriatear-
getby theinterconnecttargetssendresponsgaclets.

All initiatorsandtargetsshareahesameaddresspaceln
suchhardwareplatform,usingalargeamountf processors,
coprocessorandrambanks the centralinterconnechasto
provide alargethroughpubetweerinitiatorsandtargets.A
corventionalbus cannotoffer sucha throughputasit can
only sene onecommunicatiorat time. Thuswe replaceit
with a NoC, which providesthe requiredthroughput. The
NoC preventsus from usinga snoopmechanisnto ensure
datacohereny.

The communicationprotocol is basedupon a shared
memory multi-processorarchitecture. Al MWMR chan-
nelsaremappedn sharednemoryandaccesss protected
by asinglelock (onelock perchannel).Eachchannelmay
have severalreadersandwriters, but ignorestheir number
As illustratedby the following write requestthe MWMR
protocolrequires ve steps:

1. getthelock protectingthe MWMR (READ access).
2. testthestatusof the MWMR (READ access).

3. transfera burst of databetweena local buffer andthe
MWMR (READ/WRITE access).

4. updatethe statusof the MWMR (WRITE access).
5. releasghelock (WRITE access).

For performanceeasonsall transfergo or from aMWMR

channelmust be a multiple of 32 bit words. Figure 3
shaws the hardware architecturewith two processorsand
onememorybank.OntheTTY theprogresf theapplica-
tion canbe obsered, the Locks Enginemanageshe locks
whenmorethanoneinitiator is presentherefour initiators:
two processorandtwo coprocessors)Thesetwo compo-
nentsare VCI targets. The MWMR channelis locatedin

on-chipRAM; it implementsa communicatiorchannebe-
tweenasoftwaretaskrunningon CPUOandahardwaretask
executedby coprocessot.
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Figure 3. Use of a MWMR channel located in
RAM, with one producer running on CPUOand
one consumer implemented in coprocessor 1

For performancaeasonsMWMR channelsarelocated
in cacheablanemory Their coherenyg is guaranteedy
software mechanism.Eachcacheline containingMWMR
channeldatais invalidatedtwice: beforethe ve stepac-
cessto ensurethatdatais readfrom memoryandafter the
accesgo ensurghatmemoryis updated.The latteris only
necessann the caseof awrite backcachemechanism.

4 The TelecommunicationPlatform

Until now, we have presentedhe generic hardware ar
chitecture. The telecommunicatiorplatform can be ob-
tained by replacingthe two coprocessorin Figure 3 by
two applicationspeci ¢ coprocessorgalled InputEngine
andOutputEngine

As usualin the domainof network processorspaclets
arecutinto chunksof equalsizewhich canbehandledmore
efciently andeconomizeon-chipmemory[4]. The basic
ideaof our coprocessoris thatapartfrom this economyof
spacetime canbeeconomized{oo. A pacletis represented
by an eight byte descriptor containingonly a pointerto
the beginning of the paclet andthe mandatoryinformation
to retrieve it. Necessaryataare the addressof the next
slot, the total size of the paclet, andan offsetfor eventual
additionalheaderdik e for Multi ProtocolLabel Switching
[15]. Thisleaves120bytesfor the payloadandaneventual
offset. Theuseof descriptorallows usto avoid the copying
of pacletsin memorymostof thetime. Consequentlythe
MWMR channelgontainonly descriptors.

Thus, I/O coprocessorsnusthave a MWMR interface
to sendand retrieve descriptorsas well as a VCI inter-
face,the latter directly connectedo the on-chipintercon-
nect. SoCLib componentsare requiredto have a VCI in-
terface,while coprocessorsise FIFO interfaces. Thus, to
implementMWMR channelsa hardwarewrapperwith two

VCI interfacesis required: a target interfacefor con gu-
ration and an initiator interfaceto fetch descriptorsfrom
the software channeldocatedin on-chipRAM by issuing
VCI requests.This wrapperis completelytransparentor
the userof DSX. Figure4 shaws on the lower right an In-
putEnginewith oneoutgoingVCl andthreeFIFO channels.
InputEngineand OutputEngineare symmetricconcerning
theinterfaces.

A fundamentahssumptiorof our architecturas thatfor
alargemajority of networking applicationst is sufcient to
considerthe beginning of a paclet. We privilege this rst
slotin sofaraswe storeit in on-chipRAM, takinginto ac-
countthatthis penalizespplicationsuchasencryption/de-
cryptionor contentcontrol. Neverthelesghe policy canbe
modi ed easilyasonly onebit hasto be manipulatedn or-
der to determinewhethera slot is to be storedon-chip or
not.
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Figure 4. Telecomm unication platf orm

The work describedin [7] shaved that a clusteed ar
chitectureusing a two level interconnects betteradapted
thanmary initiators andtargetsgroupedaroundonesingle
interconnectln suchaNUMA (Non Uniform MemoryAc-
cess)architecture memoryaccesgimes differ depending
on whethera processomlccesses memorybanklocal to
thecluster or on anothercluster Thearchitecturgoroposed
in [7] hasnine clusters,two of which containonly an 1/O
coprocessoeach,on-chipRAM andanexternalRAM con-
troller for paclet storaggFigure6) andno generalpurpose
processarSix clusterg(Figure5) containfour MIPS R3000
processorandfour memorybankseach. Thelastcluster
containsonly targets: onememorybankwherethe codeof
theapplicationis located andonelock enginethatprovides
locksfor theembeddedsS.

5 The Classi cation Application

Classi cation is an importantand resource-consuming
part of mary telecommunicatiorapplications[4] which



takesplacejust afterapacletarrivesattheframerchip (in-

put coprocessoin networking terminology). Packet head-
ers are analyzedand sometimesmore in-depth analysis,
usefulfor trafc managements performedon the paclet
content.Thepacletis thensentonto oneof severalpriority

gueues.We restrictto headernalysis;moreprecisely the
destinationaddressleterminego which of twelve priority

gueueghe pacletwill go.

Besidesinput and output tasks,thereare two levels of
tasks,which makesthe parallelismexpressedn our task
grapha hybrid of pipelinedandtaskfarm parallelism(see
section2). Thereis also a bootstraptask that organizes
startup.Figure 7 shows the taskgraphof the classi cation
application. In the following we will describethe ve dif-
ferenttypesof tasksin somemoredetail.

Input Task Theinputtaskreadsa pacletfroma le, de-
terminesits size, performssomebasicchecks,then com-
putesthe numberof slotsrequiredtakinginto accountthe
offset, and nally copiesthe slotsto internaland external
memory respectiely. In alaststep,the slotis generated,
and only its eight byte descriptoris sentto the outgoing
MWMR channelthuslimiting the size of the memoryal-
locatedto the FIFOs. This write is non-blocking: if the
channelis full, the pacletis droppedandits addressecy-
cled. Addressedor the slots are obtainedfrom either of
threesources.Bootstrap:in the beginning, the input task
needsto have a pool of internaland external addresseso
allocatethe slotsto. Outputtask: whena pacletleavesthe
systemwithout having beendroppedor discardedthe ad-
dresse®f all its slotscanbe liberated. Classi cationtask:
errorsaredetectechndpacletscanbediscarded.

Classi®cation Task The classi cation task readsone or
more descriptorsand suspendstself if this is not possi-
ble. Whenit succeedsit readsthe rst slot from on-chip
memory Thevalidity of thechecksunbits containedn the
headeliis veri ed. The paclet hasto be droppedif oneof
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thosechecksfails. Eachslot beginswith a descriptorcon-
tainingtheaddres®f thenext slotandoneINTERNAL bit.
Deallocationproceedsalongtheseaddressefrom oneslot
to thenext until thelastslotis reachednext slotaddresss
NULL). Next, dependingnits destinatioraddresstheout-
going IP routeis determinediy consultinga routing table.
Thistableis locatedin asharednemorysegmentsothatall
classi cationtaskscanhave alocal copy in the cacheof the
processoon which they run. Updateis assuredy having
the classi cationtasksendinga signalto all otherclassi -
cationtasksto invalidatetheir datacache. Our routing ta-
blesarerelatively small: for lookupa simpleiterationloop
sufces. For fastlookup of larger routing tables,speci ¢
hardwareis required. Finally the classi cationtaskwrites
thedescriptorto oneof thetwelve priority queues.

Scheduling Task The schedulingtask uses algorithm
which pondersby the priority of the currentqueueandthe
numberof pacletsthathave alreadyleft for the outputtask
in order to reachthe percentageassigned(example: the
highestpriority queueis read40% of the time in the long
run, the lowest5% etc.). The FIFOs are testedfor eligi-
bility in a roundrobin manney necessitatinga non block-
ing readprimitive in ordernot to suspendexecutionon an
emptyqueue. The descriptorof the eligible pacletis then
written to the uniqueoutputqueue.

Output Task Theoutputtaskis acoprocessoandassuch
a VCl initiator. It constantlyreadsthe outputqueueof de-
scriptorsand blocksif this queueis empty The address
containedn the rst partof the descriptoitellsthe memory
locationof the rst slot. The addresof the descriptorcon-
tainedin the rst eightbyte of this slot tells the addresof
the secondslot, andsoforth. A buffer containsthe paclet
during reconstitution. Finally, the paclet is written to an

1For reason®f readability Figure 7 shaws thewriting of liberatedad-
dresseso theirrespectie FIFOsonly for thelastclassi cationtask.
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output le, with optionalinformationon lateny and other
datauseful for performanceavaluation. Eachtime a slot
is readandsentto the buffer its releasedaddresss sentto
eitherof thetwo internalor externaladdres$-IFOs.

Bootstrap Task This taskis responsiblefor everything
having to do with the startupof the application,originally
locatedin the applicationmain() . The input task will
needaddresseto whichit canallocatethe rst andfollow-
ing slots, otherwisethe paclet treatmentcannotstart. The
bootstraptaskis responsibldor this; Figure7 shavs thatit
writes into two FIFOs: addressesf internalslotsinto the
FIFOslint andaddressesf externalslotsinto the FIFO
slext . The generatechddressebave 128 bytesdistance
betweerthem,to accommodatenesiot.

6 DSXDesignSpaceExplorer

DSX describeshetaskgraphin acompletelystaticman-
ner. The numberof tasksis x ed, alsothe associatiorof
channelgo portsandtheir sizes. The managemendf soft-
waretaskswhich areimplementedas POSIX threadscre-
atedin the main() function of embeddedcodeis auto-
matic, the con guration of the MWMR wrappersis also
doneautomatically Delug messagesare Itered through
differentlevels of verbosity Furthermorethe instantiation
of the SoCLib componentandthe rathererrorpronetask
of connectingall signalsto theirrespectre portsin the Sys-
temCnetlistis automaticallygenerateaindhascompletely
disappearedrom the designers immediateview. The de-
signer provides a descriptionsof the hardware, the task

application

graphandthemapping,in the Pythonlanguagd13].

Thefollowing few linesdescribemostof the monopro-
cessorarchitecture. It includesthe descriptionof cached
and uncachedmemory segments. The last ve lines de-
scribethe interconnectiorof interfacesbetweenprocessor
andcacheandaroundthe VCI interconnectvherethecache
is initiator andall othersaretarmgets.

def architecture(self):
vgmn = Vgmn("vgmn",
latency = self.getParam('min_latency"))
cache = Xcache('cachel’,
dcache_lines=64, dcache_words=8,
icache_lines=1024, icache_words=16)
mipsO = Mips('mips0’)

cram0 = Segment(‘cram0',Cached)

uram0 = Segment(‘'uram0',Uncached)

reset = Segment(‘reset’,Cached,addr=0xbfc00000)
excep = Segment(‘'excep’,Cached,addr=0x80000080)
ram0 = MultiRam('ram0',cram0,uramO,reset,excep)
locks = Locks('locks")

tty = MultiTty('tty', 'tty0")

cache.cache
vgmn.getTarget()
vgmn.getlinit()
vgmn.getlnit()
vgmn.getlinit()

mips0.cache  //
cache.vci 1
ramO.vci  //
locks.vci 1
tty.vci 1

Eachtaskrequiresa shortdescriptionof its model name,
ports,andsomeprecisionson implementationor instance,
the InputEnginas de ned by:

input_task = TaskModel('input_engine',
infifos = ['slint','slext1,
outfifos = ['desc,
impl = [ SwrTask('inputengine’,

stack_size=0',
sources = ['src/input_engine.c'],



defines = ['FILE" ),
HwTask(InputEngine)] )

Thelnput Taskreadsrom the FIFOsconnectedo theports
slint andslext andwritestotheFIFO connectedo the
portdesc . It existsin a software (keyword SwTask) and
a hardware (keyword HwTask) implementatioR. The code
of the softwaretaskshasto be suppliedby the programmer
andindicatedwhereit canbe found (here,the src subdi-
rectory). Thedefine containsle namesandconstants.
MWMR channelsareconnectedo ports,formingthe TCG.

tasks = Task(ie0', models.input_engine,
portmap = {'slin":cin,'slext"cext,
'desc':cdesc},
defines = {'FILE":"packets"}),

All Make les aregenerate@utomatically DSX dimensions
the memoryspaceto what really is requiredby makinga
secondcompilationpassafter mapping. Finally, if notde-
mandedtherwisejt generateanexecutabldor bothaver
sionconsistingentirelyof POSIXthreadsandaversionwith
SoCLibmodelsof hardwarecoprocessors.

DSX provides both blocking and non blocking primi-
tivesto accesMWMR channels.Non-blockingprimitives
arerequiredwhenthe schedulingtask readsfrom a prior-
ity le if thereis a descriptoravailable. The blockingread
andwrite primitivesreturnwhenthe requestedransaction
is complete,i e. the requestechumberof wordswassuc-
cessfullyreador written, whereasthe correspondingion
blocking functionswill alwaysreturnan integer that indi-
catesthe numberof wordsthathave beenaccessedvenif
the requestis not satis ed. If the returnednumberis less
thanrequired,t is up to the softwaretaskto decide.

In orderto distinguishbetweennternalandexternalad-
dressspacesDSX allowsto de ne memspacedMemspaces
are locatedon one memory segment, either cacheableor
uncacheable Barriers ensuretask synchronization.Like
channelsmemspacesnd barriersare connectedo ports,
againtheirdeclarationgsrecompletelystatic. Strobesignals
for startingup the hardwarelnputEngineandOutputEngine
areadequatelyplacedin the bootstraptask. Thesesignals
go to the MWMR wrapper their namesare deducedrom
coprocessonames.Thebootstragaskrunsonly once then
suspendsyhereadDSX tasksrun continuously

Ontheonehandthe MIPS R3000doesnot supportmul-
tiple contexts, context switchingis thusexpensve. On the
otherhandthe MIPS R3000architecturds relatively sim-
ple, we canthusafford to addalarge numberof processors
andallocateonly onetask per processar For ary task, its
softwareobjectsaremappedo memorybanks. For exam-
ple,all classi cationtaskscanbemappedo theirrespectie
processorandmemorybanksin aloop.

2DSX considershardware coprocessoand software implementation
astwo implementation®f the sametaskwith the samefunctionality and
identicalinterfaces.

for i in range(nclassif):
mapper.map(“classif%d" %i,
run = hardware.mipsli],
stack = hardware.cram[i],
desc = hardware.cram[i],
status = hardware.uraml[i],
code = hardware.uramli])

Lock, statusanddescriptionof a MWMR channelor a bar

rier are equally mappedto memorybanks. Note that the
memorybanksof thelock andthechannebppeaexplicitly

in the mapping,which is a signi cant improvementover
SPADE whereonly taskscanbe mapped.Memspacesre
mappedo onememorybankeach.

7 Validation and Performance Results

All hardware componentsare describedby simulation
modelsfrom the SoCLib library [16]. A direct mapped
write throughcachepolicy is usedfor both the 16 Kbytes
instruction cacheand 512 bytes data cache. This article
doesnot aim at designspaceexploration;the choiceswere
guidedby the resultsobtainedin [7]. Performanceesults
(Figure 9) were obtainedfor a mono processoiplatform
with threememorybanks(onefor theapplicationcode,one
for internal slots, one for external slots) running one task
of eachtype,andtwo multiprocessoplatformsrunning20
classi cation,3 schedulingandthe bootstrapask,onetask
per processar The rst multiprocessoplatform hasonly
onelevel of interconnectiometwork, aroundwhichthepro-
cessorseightmemorybanksthe TTY, lock engineandco-
processorsare grouped. For the clusteredplatform with
its six processinglusters,the optimal mappingplacesthe
threeschedulingtaskson the last cluster togetherwith all
priority queuesndtheoutputchannelFigure8). Theinput

le contains8.000pacletsof 54 bytes,which is the mini-

mal sizefor EthernetencapsulatetPv4 paclets: 40 bytes
plus 14 bytesheader This representthe worstcasefor our
type of platform: the numberof headerdo verify and of
pacletsto classifyis the highestpossiblefor the volumeof
transmittecdata.

The graphsandhistogramsn Figure9 shaw the evolu-
tion of latenciesof paclet traversal. For betterreadability
theleft handdiagramsshaw the evolution of meanlateng
taken over 50.000simulation cycles. Packets are times-
tampedbefore leaving the InputEngineand thesetimes-
tampscomparedo the time they leave for the output le.
Measuremeneginsoncethe bootstragaskhascompleted
its work; to ensurehis, we usebarriersynchronizationPer
formanceson themonoprocessoplatformareweakasex-
pected(Figure9.a). The rst pacletarrivesafter5 million
cycles,thenlatenciesareincreasingwithout ever reaching
a steadystate. The channelbetweenrthe input taskandthe
classi cation task quickly over ows, leadingto excessie
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paclet loss (of 8.000,o0nly 1552 arrive). Whenscalingto
24 processorgroupedaroundaonelevel interconnectper
formancesmproveasexpectedput arestill notsatishctory
After reachinga steadystaterapidly, they vary considerably
around450.000cycles (Figure 9.b). Resultsfor the clus-
teredplatform (Figure 9.c) arewealer thanthoseobtained
in [7]. A possibleaxplanationis thattheapplicationcodeis
around15% larger (staticallyallocatedspacefor the mem-
ory banksnot counted)accountingfor more missesin the
instructioncache. A smallerpeakaround230.000cycles
indicatespaclets for which the effect of NUMA was not
compensatedeitherdowe obsere a decreasef latencies
afteraninitial phase.

8 Conclusionand Perspectives

With the help of DSX we achiezed within lessthana
monththe deploymentof a multi threadedelecommunica-
tion applicationon sereralvariantsof our MPSoCplatform.
Ourgoalwasto provethatDSX canhandletaskgraphshat
do not usethe KPN semanticasthis kind of graphis often
usedin telecommunicatiompplications.

Two telecommunicatiospeci ¢ hardwarecoprocessors
have beenintegratedinto DSX in a rst place. Somespe-
ci ¢ needsof ourapplicationwerealreadymetby DSX.

Readingfrom andwriting to a sucha large numberof
tasksef ciently is guaranteedy usingMWMRs. Barrier
primitives for synchronizationrand memspacesor place-
mentof slotsare part of the original versionof DSX. Our
applicationalsorequiresmechanismsvhich enabletasksto
runduringalimited time only, whereaDSX tasksrun con-
tinuously The integrationof a genericbootstraptaskinto
DSX itself, which manageshe entireinitialization process
(startingup coprocessorsitializing variablesand lling
up channelsf required),is currentlydiscussedPrimitives

to ensurecachecohereng by selectve invalidation have
beenadded. The impactof the larger DSX executableon
theinstructioncachewill haveto beinvestigatedn morede-
tail. For performanceaeasonsthe codeof the tasksshould
bereplicatedon eachcluster whichis notyet possible.
With theseadaptationsDSX will signi cantly easethe
additionof applicationspeci ¢ hardwarecoprocessorsuch
astablelookupandcryptography

References

[1] I. Augé,F. Pétrot,F. Donnet,andP. Gomez.Platform-based
designfrom parallelc speci cations.CAD of IntegratedCir-
cuitsand Systems24(12):1811-182@)ec.2005.

[2] J.-Y. Brunel, W. M. Kruijtzer, K. Kenter F. Pétrot,
L. PasquierK. Kock,andW. J. M. Smits. COSY communi-
cationlIP’s. In Proceedings37th Confeenceon DesignAu-
tomation pagesA06—409NY, June 5-92000.ACM/IEEE.

[3] J.Buck,S.Ha,E.A. Lee,andD. G. MesserschmittPtolemy:
a framework for simulatingand prototypingheterogeneous
systems. Readingsin hardware/softwae co-design pages
527-5432002.

[4] D. Comer NetworkSystenDesignusing NetworkProces-
sors. PrenticeHall, 2003.

[5] E.A.deKock,W. J.M. Smits,P. vanderWolf, J.-Y. Brunel,
W. M. Kruijtzer, P. Lieverse,K. A. Vissers,andG. Essink.
Yapi: applicationmodelingfor signal processingsystems.
In DAC '00: 37thconfeenceon Designautomation pages
402—-405New York, 2000.ACM Press.

[6] M. Drake, H. Hoffman, R. Rabbah,and S. Amarasinghe.
MPEG-2Decodingin a StreamProgrammingd-anguage.In
International Parallel and Distributed ProcessingSympo-
sium Rhodedsland,GreeceApr. 2006.

[7] E. Faure. Communicationsnaérielles-laicielles dansles
sysemessur puce orientes télecommunicationgHW/SW
communicationsin telecommunicatiororiented MPSoC)
PhDthesis,UPMC, 2007.



1.8e+07

1.6e+07

1.4e+07

1.2e+07

latency

1e+07

8e+06 |

6e+06 |

4e+06 : : : :
5e+06 1le+07 1.5e+07 2e+07 2.5e+07 3e+07

simulation cycles

700000

600000

500000 |

400000

latency

300000 |

200000

100000 .
5e+06 1le+07

simulation cycles

120000
110000 -
100000 -
90000 |
80000 [
70000 -
60000 -
50000 -
40000 |
30000
20000

latency

1e+06 2e+06 3e+06 4e+06 5e+06 6e+06 7e+06
simulation cycles

packets

packets

packets

o i bl

0

5e+06 1e+07 1.5e+07 2e+07 2.5e+07 3e+07 3.5e+07
latency

0

100000 200000 300000 400000 500000 600000
latency

0
0 100000 200000 300000
latency

Figure 9. Evolution (left) and histograms (right) of packet latencies: (a) mono processor (b) 24
processor non clustered (c) 6*4 processor clustered platf orm

[8] E.Faure,A. Greiner andD. Genius. A generichardvare/-
software communicationmechanismfor Multi-Processor
Systemon Chip, targeting telecommunicatiorapplications.
In ReCoSo0C'06 Proceeding®fthe2006confeenceon Re-
con®guilble Communication-centri§oCs 2006.

[9] G. Kahn. The semanticsof a simple languagefor parallel
programming. In J. L. Rosenfeld editor, Information Pro-
cessing74, pagesA71-475North-Holland,NY, 1974.

[10] N. Pouillon and A. Greiner. DSX. URL=https://lwww-
asim.lip6.fr/trac/dsx/wiki/MjpgCourse2006-2007.

[11] T. M. Parks. Boundedschedulingof processnetworks PhD
thesis,University of Californiaat Berkeley, CA, USA, 1995.

[12] P. Paulin, C. Pilkington, and E. Bensoudane. StepNP:A
system-lgel exploration platform for network processors.
IEEE Des.Test 19(6):17—262002.

[13] PythonSoftwareFoundationPythonprogrammindanguage
- of cial website.URL=http://www.python.og, 1990-2007.

[14] F. Pétrot,P. Gomez,andD. Hommais. Lightweightimple-
mentationof the POSIX threadsAPI for an on-chip mips
multiprocessomwith VCI interconnect. In A. A. Jerraya,
S. Yoo, D. Verkest,andN. Wehn, editors, Embeddedsoft-

[15]

[16]

[17]

(18]

[19]

ware for SoG part1, chapter3, pages25-38.Kluwer Aca-
demicPublisherNov. 2003.

E. RosenA. ViswanathanandR. Callon. Multiprotocol la-
bel switchingarchitectureTechnicakeport,RFC,US, 2001.
SOCLIB Consortium. Projet SOCLIB: Plate-formede
mocklisationet de simulationde sysemesintegréssur puce
(SOCLIB project: An integratedsystem-on-chipnodelling
and simulation platform). Technicalreport, CNRS, 2003.
http://wwwsoclibfr.

L. Thiele, S. Chakraborty M. Gries, and S. Kuenzli. A
framework for evaluatingdesigntradeofs in paclet process-
ing architecturesln Proceeding®f the39thcont on Design
automation pages380—-885NY, USA, 2002.ACM Press.
P. vanderWolf, P. Lieverse M. Goel,D. L. Hei, andK. Vis-
sers. A mpeag-2 decodercasestudyasa driver for a system
level designmethodology In CODES'99: Proceedingf
the 7th internationalworkshopon Hardware/softwae code-
sign pages33-37,New York, 1999.ACM Press.

VSI Alliance. Virtual ComponentnterfaceStandard OCB
2 2.0). Technicalreport,VSI Alliance, Aug. 2000.



