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Abstract

Theparticular form of the taskgraphof manytelecom-
munication applications permits a high level of coarse
grained parallelism. We considera classi�cation appli-
cation on a telecommunicationoriented multi-processor
system-on-chip (MP-SoC)platform. The hardware archi-
tecture on which this type of application is executedcan
containa variablenumberof programmableprocessorsand
of dedicatedhardwareco-processors,sharingthesamead-
dressspace. Inter-task communicationsare implemented
via Multi Writer Multi ReaderFIFOs placed in shared
memory. This paperanalyzesadditionsand modi�cations
requiredto enabletheDesignSpaceExplorer DSXto meet
therequirementsfor thedeploymentof such anapplication.

1 Intr oduction

Telecommunicationapplicationscan be considereda
specialcaseof streamingapplications;They are usually
processingpacket streams,wherethe sameprocessingis
performedon eachpacket, but the actual computingde-
pendson the packet contents. Throughputrequirements
arevariable:backboneequipments,suchasrouters,require
highthroughputandlow processingperpacket,while traf�c
analysisrequireslessthroughputbut intensivecomputation
perpacket. For [17], this variableprocessingtime,depend-
ing onthepacket type,is themaincharacteristicof network
applications.

We focuson telecommunicationapplicationswritten in
theform of a setof coarsegrainparallelthreadscommuni-
catingwith eachother. Inter-taskcommunicationscanbe
donethroughmessagepassinglike in STepNP[12], mod-
eledin the form of data�o w graphslike StreamIt[6] and
Ptolemy[3] or canusethe sharedmemorycapabilitiesof
themulti-processorhardwarearchitecture.

KahnProcessNetworks(KPN [9]) proposea semantics
of inter-taskcommunicationthroughin�nite FIFOchannels
with nonblockingwrites andblocking reads.Suchin�nite

channelsare impossibleto implement,thus KPN formal-
ism hasbeenadaptedfor exampleby YAPI [5]. To deal
with theselectproblemYAPI introducestheselectfunction,
whichmakesthemodelnondeterministic.Implementations
of YAPI areCOSY[2] andSPADE [18]. Disydent(Digital
SystemDesignEnvironment[1]) is alsobaseduponKPN
andusespoint to point FIFOs. While the KPN formalism
is well suitedfor video andmultimediaapplications,that
canbemodeledby a taskgraphwhereeachcommunication
channelhasonly oneproducerandoneconsumer, it is not
convenientfor telecommunicationsapplicationswheresev-
eral tasksaccessthe samecommunicationbuffer, in order
to consume(or produce)packetdescriptors.

MWMR (Multi-Writer / Multi-Reader)channels[8] are
softwareFIFOsthatcanbeaccessedby several readerand
writer tasks. The communicationprotocol is describedin
more detail in [7]. The genericMWMR communication
channelsupportsboth hardware or software produceror
consumer, makingpossibleto decidequite late whethera
taskshouldbeimplementedin softwareor hardware.

DSX (DesignSpaceExplorer, [10]) is basedupon the
MWMR concept.It extendsDisydentby acomfortableuser
API for designspaceexploration. The aim of DSX is to
haveoneapplicationdescription,onehardwaredescription,
andmappingruleswhichcanbeeasilymodi�ed, all written
down in onecommonlanguage.It offers extensive debug
capabilities:thearduoustaskof deploymentcomesbefore
the�ne-tuning of parameters.

2 Application Speci�cation

In orderto extractthecoarsegrainparallelismfrom ase-
quentialapplication,two basicapproachesexist. The �rst
one relies on the coarse-grainedsegmentationof the se-
quentialapplication.Thealgorithmis split into functional
tasksthatexecutesequentially. Thisis calledpipelineparal-
lelism. Theotherconsistsin duplicatingthewholesequen-
tial applicationinto many clones.All thetasksaredoingthe
samejob, but eachoneon differentdata.This is known as
taskfarm parallelism. This taskfarm modelis convenient



for telecommunicationapplicationsprocessingsuccessive
andindependentpacketsin a GigabitEthernetstream.

Task graph Task farm and pipeline parallelismcan be
combinedto yield any hybrid of graphbetweenthesetwo
forms suchas�gure 1. All communicationbetweentasks

Figure 1. Example of hybrid parallelism

usepointto pointchannels,thatcanbeimplementedassoft-
ware FIFOs, in order to handlethe asynchronousbehav-
ior of the tasks. Figure1 representscommunicationchan-
nelsby arrowsbetweentasks.TheFIFOsimplementingthe
communicationchannelsareimplicit.

MWMR channels In many cases,the dataproducedby
a taskis not destinedto oneparticulartask,but ratherto a
classof tasks.Assumethat tasksT00, T01 andT02 in �g-
ure1 arethreeinstancesof thesamecomputation,andthat
T10, T11 andT12 arethreeinstancesof anothercomputa-
tion. In this case,the �rst threetaskscansendtheir out-
put to any of the threeothers. It is evident thatwe should
try to replacethenineseparatecommunicationchannelsby
onesingle,multi-accesscommunicationchannel.Figure2
showsonesingleFIFO,sharedby threeproducersandthree
consumers.

Figure 2. explicit MWMR channels

Thisnew taskandcommunicationgraph(TCG) is now a
bipartitegraphthatdescribesthe intrinsic coarsegrainpar-
allelismof theapplication,withoutprecisingthetypeof im-
plementation:As bothprogrammableprocessorsandhard-
warecoprocessorscanreadfrom or write to a given soft-
ware MWMR, eachtask can be implementedeither as a
softwaretask(runningon a a programmableprocessor),or
as a dedicatedhardware coprocessor. KPN channelscan
be implementedasa specialcaseof theproposedMWMR
communicationformalism:In orderto implementtheKPN
semantic,the taskgraphmusthave only oneproducerand

oneconsumerperchannel,andall theaccessesto theFIFOs
mustbeenclosedinto a loop [11].

3 The Target HardwareAr chitecture

The target hardware architectureis a multi-processor
systemonchipbasedonSoCLib[16]) componentsandrun-
ning theMUTEK [14] micro kernel. It containsa variable
numberof 32 bits processors(currently MIPS R3000),a
variablenumberof embeddedRAM banksandothercom-
ponentssuchaslock engine,interruptcontroller, andsev-
eral I/O coprocessors.All thesecomponentsarecommuni-
catingthrougha VCI/OCB compliantmicro-network [19].
Therearetwo typesof components:initiators andtargets.
Initiatorssendrequestpackets,routedto theappropriatetar-
getby theinterconnect,targetssendresponsepackets.

All initiatorsandtargetssharethesameaddressspace.In
suchhardwareplatform,usingalargeamountof processors,
coprocessorsandrambanks,thecentralinterconnecthasto
providea largethroughputbetweeninitiatorsandtargets.A
conventionalbus cannotoffer sucha throughputas it can
only serve onecommunicationat time. Thuswe replaceit
with a NoC, which providesthe requiredthroughput.The
NoC preventsus from usinga snoopmechanismto ensure
datacoherency.

The communicationprotocol is basedupon a shared
memorymulti-processorarchitecture. All MWMR chan-
nelsaremappedin sharedmemoryandaccessis protected
by a singlelock (onelock perchannel).Eachchannelmay
have several readersandwriters,but ignorestheir number.
As illustratedby the following write request,the MWMR
protocolrequires� vesteps:

1. getthelock protectingtheMWMR (READ access).

2. testthestatusof theMWMR (READ access).

3. transfera burstof databetweena local buffer andthe
MWMR (READ/WRITEaccess).

4. updatethestatusof theMWMR (WRITE access).

5. releasethelock (WRITE access).

For performancereasons,all transfersto or from aMWMR
channelmust be a multiple of 32 bit words. Figure 3
shows the hardwarearchitecturewith two processorsand
onememorybank.OntheTTY theprogressof theapplica-
tion canbeobserved,theLocksEnginemanagesthe locks
whenmorethanoneinitiator is present(herefour initiators:
two processorsandtwo coprocessors).Thesetwo compo-
nentsareVCI targets. The MWMR channelis locatedin
on-chipRAM; it implementsa communicationchannelbe-
tweenasoftwaretaskrunningonCPU0andahardwaretask
executedby coprocessor1.



Figure 3. Use of a MWMR channel located in
RAM, with one producer running on CPU0 and
one consumer implemented in copr ocessor 1

For performancereasons,MWMR channelsarelocated
in cacheablememory. Their coherency is guaranteedby
softwaremechanism.Eachcacheline containingMWMR
channeldatais invalidatedtwice: beforethe � ve stepac-
cessto ensurethatdatais readfrom memoryandafter the
accessto ensurethatmemoryis updated.Thelatter is only
necessaryin thecaseof a write backcachemechanism.

4 The TelecommunicationPlatform

Until now, we have presentedthe generichardwarear-
chitecture. The telecommunicationplatform can be ob-
tainedby replacingthe two coprocessorsin Figure 3 by
two applicationspeci�c coprocessorscalled InputEngine
andOutputEngine.

As usualin the domainof network processors,packets
arecut into chunksof equalsizewhichcanbehandledmore
ef�ciently andeconomizeon-chipmemory[4]. The basic
ideaof our coprocessorsis thatapartfrom this economyof
space,timecanbeeconomized,too. A packetis represented
by an eight byte descriptor, containingonly a pointer to
thebeginningof thepacket andthemandatoryinformation
to retrieve it. Necessarydataare the addressof the next
slot, the total sizeof thepacket, andan offset for eventual
additionalheaderslike for Multi ProtocolLabelSwitching
[15]. This leaves120bytesfor thepayloadandaneventual
offset.Theuseof descriptorsallowsusto avoid thecopying
of packetsin memorymostof the time. Consequently, the
MWMR channelscontainonly descriptors.

Thus, I/O coprocessorsmust have a MWMR interface
to sendand retrieve descriptorsas well as a VCI inter-
face,the latter directly connectedto the on-chip intercon-
nect. SoCLib componentsare requiredto have a VCI in-
terface,while coprocessorsuseFIFO interfaces. Thus, to
implementMWMR channelsa hardwarewrapperwith two

VCI interfacesis required: a target interfacefor con�gu-
ration and an initiator interfaceto fetch descriptorsfrom
the softwarechannelslocatedin on-chipRAM by issuing
VCI requests.This wrapperis completelytransparentfor
theuserof DSX. Figure4 shows on the lower right an In-
putEnginewith oneoutgoingVCI andthreeFIFOchannels.
InputEngineandOutputEngineare symmetricconcerning
theinterfaces.

A fundamentalassumptionof ourarchitectureis thatfor
a largemajorityof networkingapplicationsit is suf�cient to
considerthe beginning of a packet. We privilege this �rst
slot in sofaraswe storeit in on-chipRAM, takinginto ac-
countthatthispenalizesapplicationssuchasencryption/de-
cryptionor contentcontrol. Neverthelessthepolicy canbe
modi�ed easilyasonly onebit hasto bemanipulatedin or-
der to determinewhethera slot is to be storedon-chipor
not.

Figure 4. Telecomm unication platf orm

The work describedin [7] showed that a clustered ar-
chitectureusinga two level interconnectis betteradapted
thanmany initiatorsandtargetsgroupedaroundonesingle
interconnect.In suchaNUMA (NonUniform MemoryAc-
cess)architecture,memoryaccesstimes differ depending
on whethera processoraccessesa memorybank local to
thecluster, or onanothercluster. Thearchitectureproposed
in [7] hasnine clusters,two of which containonly an I/O
coprocessoreach,on-chipRAM andanexternalRAM con-
troller for packetstorage(Figure6) andnogeneralpurpose
processor. Six clusters(Figure5) containfour MIPSR3000
processorsandfour memorybankseach. The lastcluster
containsonly targets:onememorybankwherethecodeof
theapplicationis located,andonelock enginethatprovides
locksfor theembeddedOS.

5 The Classi�cation Application

Classi�cation is an importantand resource-consuming
part of many telecommunicationapplications[4] which



takesplacejust afterapacketarrivesat theframerchip (in-
put coprocessorin networking terminology). Packet head-
ers are analyzedand sometimesmore in-depth analysis,
useful for traf�c management,is performedon the packet
content.Thepacketis thensentonto oneof severalpriority
queues.We restrictto headeranalysis;moreprecisely, the
destinationaddressdeterminesto which of twelve priority
queuesthepacketwill go.

Besidesinput andoutput tasks,thereare two levels of
tasks,which makes the parallelismexpressedin our task
grapha hybrid of pipelinedandtaskfarm parallelism(see
section2). There is also a bootstraptask that organizes
startup.Figure7 shows the taskgraphof theclassi�cation
application. In the following we will describethe � ve dif-
ferenttypesof tasksin somemoredetail.

Input Task Theinput taskreadsa packet from a �le, de-
terminesits size, performssomebasicchecks,then com-
putesthe numberof slotsrequiredtaking into accountthe
offset, and�nally copiesthe slots to internalandexternal
memory, respectively. In a last step,the slot is generated,
and only its eight byte descriptoris sent to the outgoing
MWMR channel,thuslimiting the sizeof the memoryal-
locatedto the FIFOs. This write is non-blocking: if the
channelis full, the packet is droppedandits addressrecy-
cled. Addressesfor the slots are obtainedfrom either of
threesources.Bootstrap: in the beginning, the input task
needsto have a pool of internalandexternaladdressesto
allocatetheslotsto. Outputtask:whena packet leavesthe
systemwithout having beendroppedor discarded,the ad-
dressesof all its slotscanbe liberated.Classi�cationtask:
errorsaredetectedandpacketscanbediscarded.

Classi®cation Task The classi�cation task readsoneor
more descriptorsand suspendsitself if this is not possi-
ble. Whenit succeeds,it readsthe �rst slot from on-chip
memory. Thevalidity of thechecksumbitscontainedin the
headeris veri�ed. The packet hasto be droppedif oneof

Figure 5. Architecture of a processing cluster

Figure 6. Architecture of the Input Cluster

thosechecksfails. Eachslot beginswith a descriptorcon-
tainingtheaddressof thenext slotandoneINTERNAL bit.
Deallocationproceedsalongtheseaddressesfrom oneslot
to thenext until thelastslot is reached(next slot addressis
NULL). Next, dependingonits destinationaddress,theout-
goingIP routeis determinedby consultinga routing table.
This tableis locatedin asharedmemorysegmentsothatall
classi�cationtaskscanhavea localcopy in thecacheof the
processoron which they run. Updateis assuredby having
theclassi�cationtasksendinga signalto all otherclassi�-
cationtasksto invalidatetheir datacache.Our routing ta-
blesarerelatively small: for lookupa simpleiterationloop
suf�ces. For fast lookup of larger routing tables,speci�c
hardwareis required. Finally the classi�cation taskwrites
thedescriptorto oneof thetwelvepriority queues1.

Scheduling Task The scheduling task uses algorithm
which pondersby thepriority of thecurrentqueueandthe
numberof packetsthathave alreadyleft for theoutputtask
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 manner, necessitatinga non block-
ing readprimitive in ordernot to suspendexecutionon an
emptyqueue.The descriptorof theeligible packet is then
written to theuniqueoutputqueue.

Output Task Theoutputtaskis acoprocessorandassuch
a VCI initiator. It constantlyreadstheoutputqueueof de-
scriptorsand blocks if this queueis empty. The address
containedin the�rst partof thedescriptortells thememory
locationof the�rst slot. Theaddressof thedescriptorcon-
tainedin the �rst eightbyteof this slot tells theaddressof
thesecondslot, andso forth. A buffer containsthepacket
during reconstitution. Finally, the packet is written to an

1For reasonsof readability, Figure7 shows thewriting of liberatedad-
dressesto their respective FIFOsonly for thelastclassi�cationtask.



Figure 7. Task graph of the classi�cation application

output�le, with optionalinformationon latency andother
datauseful for performanceevaluation. Eachtime a slot
is readandsentto thebuffer its releasedaddressis sentto
eitherof thetwo internalor externaladdressFIFOs.

Bootstrap Task This task is responsiblefor everything
having to do with thestartupof the application,originally
locatedin the applicationmain() . The input task will
needaddressesto which it canallocatethe�rst andfollow-
ing slots,otherwisethepacket treatmentcannotstart. The
bootstraptaskis responsiblefor this; Figure7 shows thatit
writes into two FIFOs: addressesof internalslots into the
FIFO slint andaddressesof externalslotsinto theFIFO
slext . The generatedaddresseshave 128 bytesdistance
betweenthem,to accommodateoneslot.

6 DSX DesignSpaceExplorer

DSX describesthetaskgraphin acompletelystaticman-
ner. The numberof tasksis �x ed, also the associationof
channelsto portsandtheir sizes.Themanagementof soft-
waretaskswhich are implementedasPOSIX threadscre-
ated in the main() function of embeddedcode is auto-
matic, the con�guration of the MWMR wrappersis also
doneautomatically. Debug messagesare �ltered through
differentlevelsof verbosity. Furthermore,the instantiation
of the SoCLib componentsandthe rathererror-pronetask
of connectingall signalsto their respectiveportsin theSys-
temCnetlist is automaticallygeneratedandhascompletely
disappearedfrom the designer's immediateview. The de-
signer provides a descriptionsof the hardware, the task

graphandthemapping,in thePythonlanguage[13].
Thefollowing few linesdescribemostof themonopro-

cessorarchitecture. It includesthe descriptionof cached
and uncachedmemorysegments. The last � ve lines de-
scribethe interconnectionof interfacesbetweenprocessor
andcacheandaroundtheVCI interconnectwherethecache
is initiator andall othersaretargets.

def architecture(self):
vgmn = Vgmn("vgmn",

latency = self.getParam('min_latency'))
cache = Xcache('cache1',

dcache_lines=64, dcache_words=8,
icache_lines=1024, icache_words=16)

mips0 = 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,uram0,reset,excep)
locks = Locks('locks')
tty = MultiTty('tty', 'tty0')
mips0.cache // cache.cache
cache.vci // vgmn.getTarget()
ram0.vci // vgmn.getInit()
locks.vci // vgmn.getInit()
tty.vci // vgmn.getInit()

Eachtaskrequiresa shortdescriptionof its model: name,
ports,andsomeprecisionson implementation.or instance,
theInputEngineis de�ned by:

input_task = TaskModel('input_engine',
infifos = ['slint','slext'],
outfifos = ['desc'],
impl = [ SwTask('inputengine',

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



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

TheInputTaskreadsfrom theFIFOsconnectedto theports
slint andslext andwritesto theFIFOconnectedto the
port desc . It exists in a software(keyword SwTask) and
a hardware(keyword HwTask) implementation2.Thecode
of thesoftwaretaskshasto besuppliedby theprogrammer
andindicatedwhereit canbe found (here,the src subdi-
rectory). The define contains�le namesandconstants.
MWMR channelsareconnectedto ports,formingtheTCG.

tasks = Task('ie0', models.input_engine,
portmap = {'slin':cin,'slext':cext,

'desc':cdesc},
defines = {'FILE':'"packets"'}),

All Make�les aregeneratedautomatically. DSX dimensions
the memoryspaceto what really is requiredby makinga
secondcompilationpassafter mapping.Finally, if not de-
mandedotherwise,it generatesanexecutablefor bothaver-
sionconsistingentirelyof POSIXthreadsandaversionwith
SoCLibmodelsof hardwarecoprocessors.

DSX provides both blocking and non blocking primi-
tivesto accessMWMR channels.Non-blockingprimitives
arerequiredwhenthe schedulingtaskreadsfrom a prior-
ity �le if thereis a descriptoravailable. Theblockingread
andwrite primitivesreturnwhenthe requestedtransaction
is complete,i e. the requestednumberof wordswassuc-
cessfully reador written, whereasthe correspondingnon
blocking functionswill alwaysreturnan integer that indi-
catesthenumberof wordsthathave beenaccessed,evenif
the requestis not satis�ed. If the returnednumberis less
thanrequired,it is up to thesoftwaretaskto decide.

In orderto distinguishbetweeninternalandexternalad-
dressspaces,DSXallowstode�ne memspaces. Memspaces
are locatedon one memorysegment,either cacheableor
uncacheable.Barriers ensuretask synchronization.Like
channels,memspacesandbarriersareconnectedto ports,
againtheirdeclarationsarecompletelystatic.Strobesignals
for startingupthehardwareInputEngineandOutputEngine
areadequatelyplacedin the bootstraptask. Thesesignals
go to the MWMR wrapper, their namesarededucedfrom
coprocessornames.Thebootstraptaskrunsonly once,then
suspends,whereasDSX tasksrun continuously.

On theonehandtheMIPSR3000doesnotsupportmul-
tiple contexts, context switchingis thusexpensive. On the
otherhandthe MIPS R3000architectureis relatively sim-
ple,we canthusafford to adda largenumberof processors
andallocateonly onetaskper processor. For any task,its
softwareobjectsaremappedto memorybanks.For exam-
ple,all classi�cationtaskscanbemappedto theirrespective
processorsandmemorybanksin a loop.

2DSX considershardware coprocessorand software implementation
astwo implementationsof thesametaskwith the samefunctionalityand
identicalinterfaces.

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

Lock, statusanddescriptionof a MWMR channelor a bar-
rier are equally mappedto memorybanks. Note that the
memorybanksof thelock andthechannelappearexplicitly
in the mapping,which is a signi�cant improvementover
SPADE whereonly taskscanbe mapped.Memspacesare
mappedto onememorybankeach.

7 Validation and PerformanceResults

All hardware componentsare describedby simulation
modelsfrom the SoCLib library [16]. A direct mapped
write throughcachepolicy is usedfor both the 16 Kbytes
instructioncacheand 512 bytesdatacache. This article
doesnot aim at designspaceexploration;thechoiceswere
guidedby the resultsobtainedin [7]. Performanceresults
(Figure 9) were obtainedfor a mono processorplatform
with threememorybanks(onefor theapplicationcode,one
for internal slots,one for externalslots) runningone task
of eachtype,andtwo multiprocessorplatformsrunning20
classi�cation,3 schedulingandthebootstraptask,onetask
per processor. The �rst multiprocessorplatform hasonly
onelevel of interconnectionnetwork,aroundwhichthepro-
cessors,eightmemorybanks,theTTY, lock engineandco-
processorsare grouped. For the clusteredplatform with
its six processingclusters,theoptimal mappingplacesthe
threeschedulingtaskson the last cluster, togetherwith all
priority queuesandtheoutputchannel(Figure8). Theinput
�le contains8.000packetsof 54 bytes,which is the mini-
mal sizefor EthernetencapsulatedIPv4 packets: 40 bytes
plus14bytesheader. This representstheworstcasefor our
type of platform: the numberof headersto verify andof
packetsto classifyis thehighestpossiblefor thevolumeof
transmitteddata.

The graphsandhistogramsin Figure9 show theevolu-
tion of latenciesof packet traversal. For betterreadability,
the left handdiagramsshow theevolution of meanlatency
taken over 50.000simulation cycles. Packets are times-
tampedbefore leaving the InputEngineand thesetimes-
tampscomparedto the time they leave for the output �le.
Measurementbeginsoncethebootstraptaskhascompleted
its work; to ensurethis,weusebarriersynchronization.Per-
formanceson themonoprocessorplatformareweakasex-
pected(Figure9.a). The �rst packet arrivesafter5 million
cycles,thenlatenciesareincreasingwithout ever reaching
a steadystate.Thechannelbetweenthe input taskandthe
classi�cation task quickly over�ows, leadingto excessive



Figure 8. Mapping of channels and tasks on the clustered platf orm

packet loss(of 8.000,only 1552arrive). Whenscalingto
24processorsgroupedaroundaonelevel interconnect,per-
formancesimproveasexpected,but arestill notsatisfactory.
After reachingasteadystaterapidly, they varyconsiderably
around450.000cycles (Figure9.b). Resultsfor the clus-
teredplatform(Figure9.c) areweaker thanthoseobtained
in [7]. A possibleexplanationis thattheapplicationcodeis
around15%larger(staticallyallocatedspacefor themem-
ory banksnot counted)accountingfor moremissesin the
instructioncache. A smallerpeakaround230.000cycles
indicatespackets for which the effect of NUMA was not
compensated,neitherdowe observea decreaseof latencies
afteraninitial phase.

8 Conclusionand Perspectives

With the help of DSX we achieved within lessthan a
monththedeploymentof a multi threadedtelecommunica-
tion applicationonseveralvariantsof ourMPSoCplatform.
Ourgoalwasto provethatDSX canhandletaskgraphsthat
do not usetheKPN semantic,asthis kind of graphis often
usedin telecommunicationapplications.

Two telecommunicationspeci�c hardwarecoprocessors
have beenintegratedinto DSX in a �rst place. Somespe-
ci�c needsof ourapplicationwerealreadymetby DSX.

Readingfrom andwriting to a sucha large numberof
tasksef�ciently is guaranteedby usingMWMRs. Barrier
primitives for synchronizationand memspacesfor place-
mentof slotsarepart of the original versionof DSX. Our
applicationalsorequiresmechanismswhichenabletasksto
runduringa limited timeonly, whereasDSX tasksruncon-
tinuously. The integrationof a genericbootstraptaskinto
DSX itself, which managestheentireinitialization process
(startingup coprocessors,initializing variablesand �lling
up channelsif required),is currentlydiscussed.Primitives

to ensurecachecoherency by selective invalidation have
beenadded. The impactof the larger DSX executableon
theinstructioncachewill haveto beinvestigatedin morede-
tail. For performancereasons,thecodeof thetasksshould
bereplicatedoneachcluster, which is not yetpossible.

With theseadaptations,DSX will signi�cantly easethe
additionof applicationspeci�c hardwarecoprocessorssuch
astablelookupandcryptography.
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