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Abstract

Low-power Issues for SoCs by Christian Piguet,
CSEM.
For innovativeportableproducts,Systemsn Chips(SoCs)
containing several processos, memoriesand specialised
modulesare obviouslyrequired. Performancesbut also
low-power are main issuesin the designof sud SoCs.
Are thesdow-powerSoCsonly constructedvith low-power
processos, memoriesandlogic blocks?If thelatter are un-
avoidable manyotherissuesare quite importantfor low-
powerSoCssud asthe wayto syndironisethe communi-
cationsbetweerprocessos as well astestprocedues,on-
line testing softwae designand developmentools. This
paperis a geneal frameavork for the designof low-power
SoCsstartingfromthesystentevelto thearchitectuelevel,
assuminghatthe SoCis mainlybasedonthere-useof low-
powerprocessos, memoriesandlogic peripheals.

Asynchronous and Locally Synchronous low-power
SoCsby M. RenaudinTIMA? andC. Piguet, CSEM.
SoCswith manyprocessos, co-processos, memoriesand
periphemls cannotbe syndironisedwith a single master
clok, dueto larger and larger wire delaysin deepsub-
micron technologies. Several clocking schemeshavebeen
proposed,sud as GALS (Globally AsyntironousLocally
Syndironous)out alsofull asyn@ronousarchitectures. This
paper will presentthe advantayes and disadvantges of
theseSoCclocking strategiesaswell astheimpactson low-
power

Low-power Softwarefor SoCsby T. Omres,C. Kulka-
rni, K. Dandkaertand E. Brockmeyer, IMEC3.
For embeddedSoCs containing several processos, one
has to write several piecesof softwae for eact proces-
sor starting typically from a high-level specificationus-
ing the C/C++ language. In order to tackle this problem,
we proposeto first transformthe original specificationby
meanfasystematiscriptof platform-independersource

codetransformationsThatis illustratedby applyingglobal
loop transformationtechniquesto identify asyndronous
partitions exhibiting little communicatiorand high local-
ity of accesscharacteristics.In a secondstage, we explore
multiple—instructionmultiple—data(MIMD) mappingonto
a given(partly) predefineglatformusingadvancedspace—
timeanalysistechniquego maintainlow datatransferrates
while achieving high systenthroughput. At the SoClevel,
accunate costfeedbak including high-level powerestima-
tion is required. From this essentialinformation, enegy
trade-ofs betweenapplication sub-modulegan for exam-
ple beusedto refinethesolutionfurther. In thecaseof map-
ping onto programmablecoreswith a shailed memoryhier-
archy, a final refinementonsistsin reomanisingthe data
layoutfor efficientcache utilisation.

1 Low-power issuesfor SOCs by Christian
Piguet, CSEM*.

1.1 Intr oduction

Accordingto the SIA 1999-200(Roadmapthemoveto-
ward embeddedSystemson Chip is quite clear Systems
on Chip (SoCs)consistto integrateseveral component®n
the samechip in orderto improve performancesand re-
ducethe cost. Few yearsago, a systemwas a multichip
device containinga microprocessqisereralmemorychips,
DRAM chips,FPGA chips,RF (BICMOS) or analogchips.
More andmore,all thesecomponentsvill beintegratedon
asinglechip,includingmicroprocessorgluelogic, memo-
ries,ROM andSRAM, corventionalanalogblocks,DRAM
memoriesFPGA-like logic, RF receiver or transmitterand
finally MEMS. The total numberof transistorson a single
chipcouldbeoveronebillion (predicted27] to bebetween
4t0 19billions in 2014dependingn thecircuit type).

For SoCs,very importantdesignproblemshave to be
solved. They aremainly the silicon complexity (reliability,



power, interconnect)the systemcomplexity (logic, MPU,
memoriesRF, FPGA, RF, MEMS), the designprocedures
(300to 800peoplefor thedesignof asinglechip, |.P re-use,
designlevels), verificationandtest. Somepartial answers
have beengivento the compleity problem,suchasdesign
re-use.The SIA Roadmag27] predictsthatin 2012reuse
of processorslogic blocks, and peripheralswould reach
about90% of theembeddedogic onthe chip.

1.2 Low-power Design Methodologiesand CAD
tools

Future SoCs will contain several different processor
coreson a single chip. It resultsin parallelarchitectures,
whichareknown to belesspowerhungrythanfully sequen-
tial architecturedasedon a singleprocessof24]. Thede-
sign of sucharchitecturedasto startwith very high-level
modelsin languagesuchas SystemC, DL or MATLAB.
The very difficult taskis thento translatesuchvery high-
level modelsin applicationsoftwarein C andin RTL lan-
guagegVHDL, Verilog)to beableto implementhesystem
onseveralprocessors.

Onecould think that mary tasksrunningon mary pro-
cessorsequirea multitaskbut centralisedperatingsystem
(OS), but regardinglow-power, it would be betterto have
tiny OS (2K or 4K instructions)for eachprocessof16],
assuminghateachprocessoexecutesseveraltasks.Ohvi-
ously this solutionis easieraseachprocessois different
evenif performancesouldbereduceddueto theinactivity
of aprocessothathasnothingto do ata giventime frame.

Each more or less specialisedprocessomwill be pro-
grammedin C andwill executeafter compilationits own
code. Low-power software techniqueshave to be applied
to eachpieceof software,includingpruning,in-lining, loop
unrolling andso on. For re-configurableprocessor cores,
retagetablecompilershaveto beavailable. Theparallelex-
ecutionof all thesetaskshasto be synchronisedhrough
communicationlinks betweenprocessora&nd peripherals.
It resultsthat the co-simulationdevelopmenttools have to
deal with several piecesof software running on different
processorand communicatingoetweeneachother Such
atool hasto provide a high-level power estimationtool to
checkwhich arethepower hungryprocessorsnemorieor
peripheralsaswell asthe power hungry software routines
or loops.

Sucha tool is far from being commercially available.
Embeddedow-power software emepgesas a key design
problem.Thesoftwarecontentof SoCwill increaseaswell
asthecostof its development.

1.3 Low-power SoCAr chitectures

Low-power SoCswill be basedon low-power compo-
nents,suchasprocessorcores,memoriesandlibrariesthat
areavailablewith niceperformancesd,e. 20°000to 100’000
MIPS/watt[1] for somecores(usingLP techniquesuchas
gatedclocks). However, memoriesarethe mainconsumers
onaSoCandsereraltechniquestthearchitectureandelec-
trical levels have to be appliedto reducetheir power con-
sumption(generallybasedon caches DWL, bitline split-
ting, low swing).

However, low-power architecturediave alsoto be used.
As mentionedearlier parallel architectureswith various
specialiseccores[24] exploit a natural parallelism,which
is not basedon processomarraysfor which software par
allelising is too difficult andfor which the communication
costis too high. Furthermorethe useof specialisecindre-
configurablecorescould improve performancesn sucha
way thatsupplyvoltagecouldbereducedesultingin lower
powerconsumptionUsingaverydedicateado-processoio
a giventaskcould improve the speed/pwer performances
of severalordersof magnitude.

The 1997 SIA Roadmap27] recogniseghat, in 2007,
asynchronouslesignwill be usedin mary designs.If 9 is
the distancetravelled by a signalin one clock cycle, due
to higherfrequencieaindincreasingnterconnectelays,a
chipwill containseveraltime zonesof sizeso  §. Duealso
to the increasingdie size, this numberof time zoneswill
grow very rapidly with the new technologiesup to 10’000
zonesin 2012. To synchronisel0’000time zonesis a true
asynchronougroblem[27]. It is why asynchronougdesign
is stronglyrequiredfor chip architecturesn thefuture[25].
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Figure 1. Comparison of the Power Consump-
tion of Async hronous versus Synchronous
Architectures

Asynchronousrchitecturesireoften presentedsbeing
capableof reducingsignificantly the power consumption
[25]. Looking attheresultsfrom mary papersjt turnsout
thatthe largestpower savings are obtainedwith circuits or
applicationghat presenta very irregular behaviour. An ir-



regularbehaiour is, for instancea processothat presents
a quite tricky instructionsetwith multi-bytesinstructions
executedin a variousnumberof cyclesandphases.Or an

applicationfor which the controllerhasto very often stop

and restartdependingon the application. A very regular

behaiour is a 32-bit RISC corefor which all instructions
arealways executedin oneclock. Figure 1 illustratesthis

basiclaw. Basically SoCswill presentmore an irregular

behaiour thanaregularone.

At the architecturelevel, power and Vdd management
with behaiour predictionof the userwill be usedexten-
sively, aswell aslow-power communicatiorprotocolsbe-
tweenthevariousprocessorsn a singlechip. Theseproto-
colshaveto bekeptsimpleandwill beasynchronoudueto
thefactthatthe variouscoreswill be clocked (if not asyn-
chronouscores)with mary differentfrequencies.

1.4 Low-power Designand Testability Issue

At the low-level, low-power libraries andlogic synthe-
sisembeddedvith placeandroutearerequired,aswell as
estimationof interconnectdelayswith copper low-k and
SOI. However, the mainissueis Vdd aslow as0.6to 0.3
Volt in 2014. With very deepsub-microntechnologiesand
very low Vdd, the static power will increasesignificantly
dueto low Vt. Sereraltechniqueswith doubleVt, source
impedancewell polarisation,dynamicregulationof Vt are
todayunderinvestigatiorandwill benecessarilysedn the
future.

SoCstestability and delug when first silicon hasbeen
returnedfrom the foundry area mainissue.Generally the
meantime to fix a bug is oneweek. Today it is not pos-
sible do determineif more bugswill be presentin a one
billion transistorchip, andif a oneweekperbugis realistic
or not. However, it hasto be mentionedthatit shouldbe
much moredifficult to fix a bug in I.P. blocksthatyou do
not have designedhancurrentpractise.In this new design
contet, it is estimatedthat half of the total designeffort
will be devotedto verificationtasks,ncludingdelug of the
embeddedoftware[27].

2 Asynchronous and Locally Synchronous
low-power SOCs by Marc Renaudin,
TIMA 2 and Chritian Piguet, CSEM®.

2.1 Intr oduction

SoCs chips will contain with mary processors,co-
processorsmemoriesand peripherals. As it is quite dif-
ficult today to designa clock tree for a single processor
(clock skew, pawer consumption)one can be easily con-
vincedthat the situationwill beworsein a few years,due

to interconnectdelays,mary processorsand differentfre-
guencieslt resultsthatfuture SoCscannotbesynchronised
with asinglemasterclock. It is thereforemandatoryto pro-
poseotherclocking schemesncluding fully asynchronous
architectures.

2.2 Clocking schemes

Onehasfundamentallythe choicebetweertwo clocking
schemes:

e GALS (Globally Asynchronous.ocally Synchronous)
o fully asynchronouarchitectures.

The first choice results from the evolution of syn-
chronousarchitectures. Basic building blocks are syn-
chronousprocessorand peripherals put dueto the clock
distribution problem,the communicationbetweerproces-
sorsare performedasynchronously The secondchoiceis
a more radical choice that selectsasynchronougoresas
well asasynchronousommunications.From the concep-
tual point of view, this solutionis betterasit is a coherent
techniqueandnotamix of synchronous/asynchronsiech-
niguesasproposedy thefirst solution.

2.3 Globally AsynchronousLocally Synchronous
SoCs

The high-level modelof GALS is mary processocores
thatcanbe clockedat any andpossiblyvariablefrequeng.
Therecanalsobe asynchronousogic blockson the same
SoC.Thesecoresandblockshave to communicatehrough
asynchronougterfaces. Thereis no relationshipbetween
the frequeng of a givenblock thathasto sendsomemes-
sagedo ary other(or others)block(s). Therearetwo basic
solutionsto allow the blocksto communicateroperly:

e to synchroniseheir clocksby adjustingthe PLL of the
two (or more) blocks. This solutionproposedn [15]
consistsn N*N PLL for N*N timezonestwo adjacent
PLL being synchronisedoy PFDs (PhaseFrequenyg
Detectors)n caseof acommunication.

e to performanasynchronousommunicatiorfor which
meta-stabilityhasto be avoided. One hasto check
thedataandclock timing to avoid collisions,by intro-
ducinga clock delay (stretchableor pausableclock).
Severalregistersclocked by delayedclocksgenerated
locally avoid metastability Sucha techniqueworks
well for two communicatingolocks, but is not suited
for communicatingrom oneto several blockswhich
could resultin a clock-datacollision for the chosen
delayedclock. It is why delayingdatainsteadof the
clockis better[14], butit increasehardware.



2.4 Fully AsynchronousSoCs

A more drastic changeis to adoptasynchronousogic
by default for designingall the componentof a SoCand
usethe "clock” asa resourceonly whenrequired. Such
an approachrequiresto masterasynchronougircuit de-
sign, which is not yet an easytask, but on the otherhand
bringsvery interestingfacilitiesthatthe goal of this session
is to discuss|t is shovn thatasynchronoublocksarevery
easyto reuseandeasyto integratein a complex heteroge-
neousntegratedsystenmbecausehey arelocally controlled,
they provide flexible andefficient interfacingmechanisms,
they have a lower meanpower consumptiorwhile provid-
ing maximumperformanceandfinally they generatdower
electromagnetinoiseandsmallercurrentgpeaksn thesup-
ply [25] [20]. Significantprototypesdesignedy industrial
andacademideamsarereportedanddiscussedo illustrate
theseproperties.

2.5 Power consumptionissuesn GALS and fully
asynchronousSoCs

Comparison:

e GALS: lessareathanfully asynchronousjueto larger
areaof fully asynchronousores

e GALS: morepowerthanfully asynchronous?LL are
large consumersgdelayedclocksor datagenerallyre-
quire adjustabledelaysto take into accountprocess
variations, temperature,...but these delays require
consuminghardware. Furthermore for irregular be-
haviour, fully asynchronougoresconsumedessthan
synchronougores.And SoCswill bemainly designed
for applicationswith irregularbehaiour.

e GALA SoCsareby constructiorconsumingminimum
enegy, theirpowerconsumptiormaybeautomatically
anddynamicallyadaptedo the processingoower re-
quiredby the datastreamandthey do not requirespe-
cific hardware/softvarelayersto turn-off inactive pro-
cessingpartsor peripherals.

3 Low-power software for SOCs by T.
Omnes,C. Kulkar ni, K. Danckaert and E.
Brockmeyer, IMEC 3.

For embeddedsoCscontainingseveral processorspne
hasto write several piecesof software for eachproces-
sor starting typically from a high-level specificationus-
ing the C/C++ language. Becausethe cost-critical part
of this high-level specificationis the data-dominategbart

[28], we have developeda systematicscript of codetrans-
formationsknown as the Data Transferand StorageEx-
ploration (DTSE) methodologyfor power, area,price and
speedmulti-objective data-dominatecembeddedsoftware
design[7]. The most tedious and error-prone parts of
the DTSE methodologyare being supportedby IMEC’s
ACROPOLIS/ATOMIUM computeraided design (CAD)
ervironment[22] [13]. In this paper we discussthe main
stepsof DTSEinvolvedin producingpower vs. speedsoft-
ware for eachprocessomf a programmableplatform [9]
consistingof several processorsnd offering memoryand
interconnecteconfiguratioropportunitieg29] in theideal
case.

3.1 Data-locality improving Loop Transforma-
tions

Looptransformationgreattheheartof DTSE.As oneof
thefirst stepqafterpreprocessingndpruning)in thescript,
they areableto significantlyreducethe requiredamountof
storageandtransfers.As suchhowever, they only increase
the locality andregularity of the code. This enabledater
stepsin the script (notablythe datareuse memory(hierar
chy)assignmenandin-placemappingsteps)o arrive atthe
desiredreductionof storageandtransfers.

Crucialin our methodologyis thatthe codetransforma-
tions have to be appliedglobally, i.e. with the entirealgo-
rithm asscope.This is in contrastwith mostexisting loop
transformatiorresearchwherethe scopeis limited to one
procedurer evenoneloopnest.Thiscanenhancehelocal-
ity within thatloop nest,butit doesnotsolvetheglobaldata
flow andassociateduffer spaceneededbetweenthe loop
nestsor procedureslin orderto allow theseglobaltransfor
mations,the stephasto be appliedbeforeary partitioning
decisionis takenw.r.t. the HW/SW-systembeing designed
[12].

To performgloballoop transformationsywe make useof
amethodologyasednthepolytopemodel[19, 30]. In this
model,eachn-level loop nestis representedeometrically
by ann-dimensionapolytope. The orderin which theiter-
ationsare executedcanbe representetby an orderingvec-
tor which traversesthe polytope. To performthe transfor
mations,we have developeda two-phaseapproach.In the
first phaseall polytopesareplacedin onecommoniteration
space.During this phasethe polytopesare merelyconsid-
eredas geometricalobjects,without executionsemantics.
In the secondphase a global orderingvectoris definedin
this globaliterationspace.



3.2 Logically Shared but Physically Distrib uted
Data Mapping

After data-localityimproving loop transformationfiave
beenapplied thecostof adata-dominatedogically Shared
but PhysicallyDistributed(LSPD)memorysystems deter
minedmostly by:

e Theinter-processobandwidth,which is given by the
maximumsumof all ingoingandoutgoingdependeng
edgedrom eachpatrtition;

e The intra-processotbandwidth, which is given by
global basic group level conflict analysis at the
processotevel [33].

The conventionalapproachusedby automaticparallelisa-
tion compilersis to partition the iterationspacen a Single

ProgramMultiple Data (SPMD) fashion,asit appearsaf-

ter data-localityimproving loop transformationsThis often

resultsin a high intra-processobandwidthrequirementy

theprincipleof pushingthebottleneckoneabstraction-leel

furtherdown. To alleviate this situationwhereparallelisa-
tion is performedregardlessof processctevel constraints
and processotevel optimisationis performedonly locally

webelievethatspace—timanalysisof (partly) unrolledloop

bodiescanhelpin:

e Reducingthe intra-processobandwidthrequirements
with limited impact on datalocality by re-mapping
data accesse®nto processorausing the full Multi-
ple InstructionMultiple Data(MIMD) capabilitiesof
moderndistributedsystemg32] [10];

e Discovering low-cost space—timecomputation pat-
terns that can sene asthe basisfor (very) low-cost
distributed object architecturesn platform-basedle-
sign.

Using our proposedatternanalysiswe show (atleast)an
overall time x consumption(C x T) improvementabove
100% comparedo a customsharedmemoryapproachon
a small C/C++ platform-baseddesignexample[23]. By
constructionthistechniquesupportgheinteractiveembed-
ded software design[21] (even) of large-scaleand paral-
lel multimediaandis beingintegratedwithin our prototype
ACROPOLIServironment.

3.3 CycleBudgetvs. Power trade-offs

In contrasto currentdesignpractisefor (programmable)
processomapping,which mainly targetsperformancewe
focuson a systematidrade-of betweencycle budgetand
enegy consumedn the backgroundnemoryorganisation.

The latter is a crucial componentin mary of today’s de-
signs, including multi-media, network protocolsand tele-

comsignalprocessing We have a systematiavay andtool

to explore both freedomsandto arrive at Paretocharts,in

which for a given applicationthe lowestcostimplementa-
tion of thememoryorganisatioris plottedagainstheavail-

ablecycle budgetper sub-module This by makingoptimal

usageof a parallelisedmemoryarchitecture.We indicate,
with resultson a digital audiobroadcastingeceiver andan

imagecompressiomlemonstratghow to effectively usethe

Paretoplot to gain significantly in overall systemenegy

consumptiorwithin the globalreal-timeconstraints.

The new prototypetool hasbeenappliedto driversfrom
multiple applicationdomainsto prove the effectivenessas
demonstratedy resultsin otherrecentpaperg2, 5, 3, 31].
The actualtechniqueunderlyingthe SCBD explorationis
discussedn [4]. Herewe will analysethe resultsandthe
detailedevolution of the SCBD tool for the Binary Tree
Predictive Coderdriveronly. Theexperimentclearlyshavs
thetrade-of betweermemoryorganisatiorcost(powerand
area) and the memory subsystemcycle budget. All the
resultsare obtainedwithin reasonabléool executiontime
(severalminutes)on a Pentiumll-400. A Motorolalibrary
memorymodelis usedto estimatethe on-chipmemorycost
(see[8]). For the off-chip componentswe have usedan
EDO DRAM seriesof Siemens.

Binary TreePredictive Coding(BTPC)[26] is aloss-less
or lossyimagecompressioralgorithmbasedon multi res-
olution. Theimageis successiely split into a high resolu-
tion imageand a low resolutionquarterimage,wherethe
low-resolutionimageis split up further. The pixelsin the
high-resolutiorimagearepredictechasedn patternsn the
neighbouringpixels. Theremainingerroris thenexpected
to achieve high compressiomatioswith a Huffman coder
The power numbersn this sectionarebasedon realmem-
ory models.

Figure2 shavs thetrade-of for the completecycle bud-
getrange. This is obtainedby letting the tool explore the
cycle budgetstartingfrom the fully sequentiabudget,and
thenprogresghroughthe mostinterestingmemoryorgani-
sationg(from a costpoint of view) to reducethe cycle bud-
getfor multiple differently optimisedimplementationg3].
The numberof allocatedon chip memoriesis four for the
entire graph shavn in this figure. In the sequentialbud-
get(aboutl8M cycles),only single-portmemoriesareem-
ployed. When a dual-portedmemoryhasto be added,a
clear discontinuity is presentin the enegy function. In
orderto reducethe budgetbelonv 8M cycles, dual-ported
memoriesare neededhough. The allocationof two dual-
portedmemoriesallows to decreasehe cycle budgetup to
thecritical path(6.5M cycles). Theworstcaseneededim-
age”bandwidthcanbe guaranteedby insertingthreeinter-
mediateon-chip memories(two dual port and one single



port). Thesethreeintermediatenemoriescandeliver up to
five pixelspermemorycycle withoutthe cost(or infeasibil-
ity) of afive-portmemory
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Figure 2. Pareto curve for Binary Tree Predic-
tive Coder.

The memorysubsystentostcanbe tradedof for costs
in the other subsystems.The global systemcostin terms
of power/enegy consumptionput also chip/boardareaor
dollars, canbe significantly reducedat the price of an ac-
ceptablancreasan cyclesspentin a particularsub-module
atthecostof lesscyclesfor anothellesscost-sensitie sub-
module. Exploiting this trade-of is only feasiblefor real
complex systemsdif it can be systematicallyexplored and
whenthe usefultrade-of spaceis effectively visualisedso
thatadesignercanquickly evaluatethe costof differentcy-
cle budgetsfor a given sub-module.We have a methodol-
ogy supportedby tools to effectively achiese this. It has
beendemonstratedor several other real-life applications
(from differentdomains)like DAB channeldecoder cav-
ity detectorandanIP-switch.

3.4 CacheconsciousMain Memory Data Layout

Cachemissedorm amajorbottleneckfor real-timemul-
timediaapplicationglueto theoff-chip accesset themain
memory This resultsin both a major accessbandwidth
overheadandrelatedpower consumptioraswell asperfor
mancepenalties.

In this section,we illustrate a new techniguefor organ-
ising datain the main memoryfor datadominatedmulti-
mediaapplicationsso asto reducethe majority of the con-
flict cachemisses. The main goal of this stepis to stati-
cally organisedatain the mainmemorytakinginto account
the cacheparameterandprogramcharacteristicsThis in-
volvesa combinationof arraysplitting andarrayinterleav-
ing (or arraymemging) so asto recursvely allocatedatain
themain memory whereeachrecursve sizeis equalto the

cachesize[18]. Themainadvantageof thistechniquds the
ability to trade-of memorysize versuspower versusper
formanceascomparedo otherexistingtechniquesA more
detaileddiscussiorof this stepis availablein [17]. Thisstep
hasbeenautomatedisa prototypetool in the ACROPOLIS
projectatIMEC.

Experimentn real-life demonstratorglustratethatwe
are able to reduceup to 82% of the conflict missesfor
applicationswhich arealreadyaggressiely transformedat
source-lgel. At thesametime, we alsoreducethe off-chip
dataaccesseby up to 78%. Thusour approachis compli-
mentaryto the more corventionalway of reducingmisses
by reoganisingthe executionorder

3.5 Conclusion

For embeddedsoCscontainingseveral processorsge-
signingefficient softwarefor eachprocessois a (very) dif-
ficult and(very)time-consumingaskthatcanbeperformed
manuallyby atraineddesignefonly) atthe priceof a(very)
significantdegradationof the quality of hisfinal implemen-
tation. Embeddedsoftware designtools that could help
in this processare far from commerciallyavailable today
In order to tackle this problemfor data-dominateappli-
cations,we proposethe Data Transferand StorageExplo-
ration(DTSE)methodologyto systematis¢he organisation
of thedesignemwork. In addition,we show thatnovel CAD
supportconsistingof four main stepscan be introduced
to automate(almost)all the critical work involvedin this
multi-objective application-specifiplatform mappingtask
before applyingcorventionalhardware-softvareco-design
[6] [11]. This supportis currently exactly the purposeof
IMEC’s ACROPOLIS/ATOMIUM environment[22] [13].
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