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Abstract

Oneof thechallengingasksin codegeneratiorfor embeddedys-
temsis registerallocationandassignmentyvherein,onedecideson
the placementnd lifetimes of variablesin registers. Whenthere
are more live variablesthanregisters,somevariablesneedto be
spilled to memory and restoredlater. In this paperwe propose
a policy that minimizesthe numberof spills — which is critical
for portableembeddedsystemssinceit leadsto decreaseener
gy consumption. We argue however, that schedulesvith a min-
imal numberof spills do not necessarilyhave minimum lateng.
Accordingly we proposea classof policiesthat explore tradeofs
betweerassignmentkeadingto schedulesvith low latengy versus
thoseleadingto low enegy consumptionOur experimentatesults
demonstrat¢he effectivenesf the proposedpolicies.

1 Introduction

Embeddegrocessocoresusedn todaysembeddedystemsplace
heary burdenson currentcompilertechnology A numberof dif-

ficulties stemfrom architecturakpecializationsn embeddedgro-
cessorg8, 9]. In this paperwe focuson clusteed VLIW ASIPs
which arewell suitedto increasinglypenasive (portable)embed-
ded multimedia/communicationapplications. A clusteredASIP
hasa distributed set of registerfiles eachconnectedo a dedicat-
ed setof functionalunits, seee.g.,Fig. 2. Suchan organization
can significantly reducethe area/delay/pwer costof storageand
communicatiorj11], but, if not properlyaccountedor duringcode
generationcanresultin degradedperformance4, 8, 9].

A numberof researcherbave suggestedhatthe first phasen
codegeneratiorfor suchclusteredmachineshouldbethe binding
of operationsandvariablesto the datapatts clusterq4, 5, 10]. In
orderto avoid penaltiesassociatedvith datatransfers,a key ob-
jective in performingclusterassignmenis to keepoperationghat
shake variableson the sameclusterwhile maximizinginstruction
level parallelism. However, sincelocal storageresourceave fi-
nite capacitysomevariablesharingopportunitiesmay be infeasi-
ble. Indeed,whenregisterfiles fill up, variablesmay needto be
spilled to, andrecoveredfrom, memory This not only increases
enegy consumptiorbut typically alsoincreasesateng. Thefocus
of this paperis on determiningvariablereplacemenpolicies,i.e.,
registerassignmenpolicies,thatavoid suchoverloadsandexplore
tradeofs to achieve low lateny andenegy consumption.

The key ideasin this papercan be summarizedbasedon the
simpleexampleshavn in Fig.1. The figure exhibits the stateof a
singleregisterfile (of size4) upto timet anda streamof variables
thatit needgo supportj.e.,thevariableshatmustbein theregister
at eachstep. The streamis shavn at the top of the figure andfor
simplicity containsonly onevariableperstep.At timet theregister
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Figurel: Replacemempolicies,spilling andprefetchingwindows.

contains{a, c,d, e}, andthe variableb mustbe loadedat timet +
1. The basicquestionis: which of the variablescurrentlyin the
registerfile shouldb replacej.e., whatcriterion shouldbe usedin
selectinghevariableto spill ?

A forward looking policy choosedo replacevariableswhose
next useis the furthestaway. Thus,for example,sinceneitherc
nor e appeaiin the datastreamaftertime t, they aregood candi-
datedfor spilling. In §3.1we show thatsucha policy minimizesthe
overall numberof variablereplacementsThisin turnis equivalent
to maximizingthe aveiage contiguoudifetimesof variablesin the
registerfile. We call suchintenalsspilling windowssincethey cor
respondo intervalsover which onecouldchooseo performaspill
to memorywithoutnecessarilylelayingtheschedulelf we choose
to replacee attimet + 1 thenlooking backwe notethatits spilling
window would have beenquitelong, e.g.,7 time steps.

Alternatively, a badkward looking policy might chooseto re-
placethe leastrecentlyusedvariable,i.e., the well knovn LRU
policy. In §3.2 we shaw thatthis policy generatesarge prefeth-
ing windows.The prefetchingwindow associateavith a new vari-
ableenteringtheregisterrepresents window of opportunitydur-
ing whichit couldbe pre-loadednto theregisterfile. In Fig.1the
prefetchingwindows associateavith possiblereplacementhoices
areshavn in gray Thus,for example,if we chooseo replacevari-
ablec with b, a prefetchingwindow of length1 would be obtained
sincec wasusedon the previous step. By contrastif we choseto
replacevariablee with b a prefetchingwindow of length5 would
be obtained.Clearly, from the point of view of maximizingthein-
terval of time available for prefetchingthe new variableb, e is a
betterchoiceto spill.

The overall lateny of a schedulewill dependon which vari-
ablesarespilledandthesizesof boththeir spilling andprefetching
windows aswell asthelatengy of writing/readingto/from memory
Thusin §3.3we proposea family of heuristicpoliciesthatexplore
tradeofs betweerreducinghenumberof spills (andthusmaximiz-
ing the averagespilling windows) andachieving large prefetching
windows. As will be discussedn the sequel,our tradeof policy
aimsat obtainingan assignmenbf a given streamof variablesto
registerfiles resultingin low overalllateny andreducingtheener
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1.1 Previous work

Graphcoloringis acommonlyadoptedramevork to performreg-

isterallocation.Theideais to determinghenumberof colors(reg-

isters)requiredto cover theintenal graphassociatedvith thelife-

timesof variables[2]. Modified forms of this algorithmare used
in the FlexCC compiler[8], the ROCKET Compiler[12] andthe
AVIV retagetablecodegeneratof4]. A versionof thegraphcolor

ing approachcalledthelLeft EdgeAlgorithm,is agreedyalgorithm
which explicitly determines registerassignmentequiringa min-

imum numberof registers[1, 7, 8]. Specificallyit startsby sorting
thevariablesn increasingrderof birth. Then,startingfrom those
with earliestbirth, it assignghosewith non-orerlappinglifetimes
to the first register If a sub-setof variablesstill remainsunas-
signed,a new registeris createdandthe processs repeatedn the
remainingvariablesVariantsof this algorithmhave beenusedin a
numberof compilersge.g.,CodeSyr3]. Unfortunatelythismethod
doesnot exploit locality whenvariableshave non-trivial (i.e.,non-
contiguous)ifetimesin orderto reducespills for fixedsizeregister
files.

Kolson et. al., [6] proposedan optimal, though exponential
time, algorithmwhich assignsvariablesto registersso asto mini-
mizethenumberof spills. They alsoreportaheuristicwith a poly-
nomialruntimethatgivesgoodresults.However aswill beseenin
the sequelminimizationof spills neednot translateto a minimum
lateny schedule.

1.2 Paper organization

In §2 we introducenotationanddiscussthe problemsetup. In §3
we analyzethe forward, backward andtradeof replacemenpoli-
ciesin the context of a singlecluster In §4 we discussheuristics
that exploit moredetailedinformationon the dataflav’s variables
characteristicsWe briefly discussour approactfor datapathsvith
multiple clustersin §5. Experimentakesultsand conclusionsare
includedin §6 and§7 respectiely.

2 Problem formulation

Datapath and dataflow model. Our targetarchitecturecon-
sistsof storage resouces,functionalunits anda bus interconnect
asshavnin Fig. 2. Storageesourceareof two types:finite capac-
ity (R), high speedregisterfiles and“infinite” capacity low speed
memoryblocks. Functionalunitsareconnectedo theregisterfiles
from which they draw their operandsaindwhereinthey placetheir
results. We assumehat primary inputsrequiredfor executionare
loadedfrom memoryinto the registerfiles usingthe finite capac-
ity businterconnect.Similarly, primary outputsgeneratediuring
executionarestoredinto memorythroughthebus.

A dataflav is modeledby a polarDAG G(A, T) whereA is the
setof activities(operationsjo be executedandtheedgesT arela-
beledwith dataobjectscorrespondindo the programs variables.
The edgesrepresenboth precedenceonstraintsamongactiities
anddatatransferghatmaybe necessaryo bring dataobjectsfrom
produceractiities to consumemctvities. Dataobjectsarefurther
partitionednto threedisjointsetsD = PIUPOULD corresponding
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Figure3: Datastreantor agivenbinding/schedulef actvities.

to: primary inputswhich areinitially storedin memory primary
outputswhich mustbe outputto memory andlocal dataobjects
which aregenerateéndconsumednternally but neednot be out-
putto memoryl We let D, denotethe setof input dataobjects
for anactvity a € A andRD; denotea setwith the resultingdata
object.

Problem statement. Asdiscussedh theintroduction for clus-
teredmachineghe binding of actiities and dataobjectsto clus-
tersis a critical stepthat shouldbe performedearly on in code
generation4, 5, 10]. In this paperwe assumehat sucha bind-
ing has beendeterminedand we are given a partial order (i.e.,
partial characterizatiorof the schedule¥or the actiities’ execu-
tion S= (§]0<t<T-1) whereS C Ais asetof actvities to
be executedprior to thosein S1. This partial orderresultsfrom
the coarse/simplifiedschedulingproblemsusedto drive the clus-
terbindingphasethatignoresomedatapattspecificsg.g.,register
capacitieanddatatransferd5].

We first considera datapattwith a singleregisterfile, i.e., sin-
gle clusteranddiscussextensiongo datapathsvith multiple clus-
tersin §5. Also, for simplicity, we will assumehatoperandsand
resultsof actwities aredravn from andplacedin the sameregister
file. Supposean actiity a € § is scheduledn stept. Thenits
operand(s) D, mustbe presentn theregisterfile attimet andthe
resultRD,; mustbe placedin theregisterfile atstept + 1. Thuswe
cantranslateSinto asequencef dataobjectsthatmustbe support-
edby theregisterfile overtime D = (D|1 <t < T) whereD; C D
is givenby

Di=({JIDa) J ( | RDa) for 1<t<T.

acs acs 1

We shallassumehat|Dt| < RwhereR denoteghesizeof thereg-
isterfile.

Welet X; C D denotethesetof dataobjectsin theregisterfile at
timet, where|X;| < R. In orderto ensurehatD; C X; for all t, data
transfersmay needto be scheduledpossibly delayingexecution
of the actvities in §. Giventheserequirementsye canconsider
variouswaysof ‘steering’dataobjectsbetweertheregisterfile and
the memory banksso that actvities can be executedas soonas
possiblebutin the proposedrder Considetthedataflav shavn in
Fig.3, and supposehat all operationsare boundto a single ALU
connectedo a registerfile. The figure shaws the resultantdata
objectstreamfor thegiven partialorderfor theactvities.

Our problemis to find anoptimalway to ‘steer’ dataobjectsto
andfrom memorythatwill resultsin a schedulewith low lateny

andenegy consumption.

Iprimary inputs/outputsare associatedwith edges exiting/akutting in the
source/sinknodeof thepolarDAG.



3 Replacement policies - Spilling and prefetching windows
We dhall considevariousdataobjectreplacemenpoliciespaying
specialattentionontheresultingspilling andprefetchingvindows.
All policiesareparametrizedhasednthreesimplecontrolactions,
‘load, ‘replace’anddo ‘nothing: A loadb) actioncorrespondso
loadinganadditionaldataobjectb € D into theregisterfile, which
is admissibleonly if thereis freespacen thefile. Thereplacé¢a, b)
action correspondsgo replacinga dataobjecta, currentlyin the
registerfile, with dataobjectb. For thetime being,we shallassume
no furtherinformationis availableon thenatureof thedataobjects,
e.g.,Pl,PO,LD, however wewill returnto thisin §4.

3.1 Forward policy

LetD ={Dt|1<t < T} represenaregistersdatastreamwhereD;
is the setof dataobjectsthatneedto bein theregisterfile attime
t. Our goalis to selecta sequencef control actionsthat ensure
thatD; C X for eachtime stept. In general,control actionsare
parameterizetly pairsof setsof dataobjects(A, B) whereA B C
D. Suchpairsareinterpretedas replacéA, B) i.e., the action of
replacingthe dataobjectsin A with thosein B. For exampleif
A={a,b} andB = {c,d, e} thena,b wouldbereplacedvith c,d, e.
Clearlythesecorrespondo set(notnecessarilyinique)of loadand
replaceactions,e.g.,{replacéa, c),replacg¢b, d),load(e)}. Given
thesecontrolchoicesthe dynamicsof theregisterfile contentscan
bedescribedsfollows:

Admissible action space: weletU (Xs, Ds;1) denotethesetof ad-
missibleactionsat time s whenthe registercontentsare X.
An actionUs = (A,B) € U(Xs,Dsy1) is admissiblef it re-
sultsin anew registerstateXs; 1 satisfyingDsy1 C Xsy1 and
|Xs+1] < R To beadmissibleanactionUs = (A, B) mustbe
suchthatA C Xs,BNXs= 0, and|A| < |B|.

Systemdynamics: we let f denotethe systemdynamicscorre-
spondingto modifying the contentsof the registerbankac-
cordingto anadmissibleactionUs = (A, B) whichreplace#A
W|th B, i.e.,X3+1 = f(XS, Us) = (XS\A) (@] B

Costof an action: we assumehe cost,c(Us), of anactionUs =
(A, B) is givenby |B| thetotal numberof dataobjectsloaded
into theregister

Next we definethe problemassociateavith determiningthe mini-
mum costreplacemenpolicy anda simplealgorithmicsolution.

Problem1 Givena register bankof sizeR, with initial stateXg,
that needgto supportthe datasequencd find a sequencef con-
trolsU = (Us € C|0 < s< T — 1) with minimumoverall cost:

T-1
J* (Xo, 5) =min{ ZOC(US)|XS+1 = f(Xs,Us),Us € U(Xs,Dsy1)}-
U &

Algorithm 3.1 (Forward Policy) Thefollowing policy is optimal
for Problem1. Startingfromt = 0 with initial stateXy proceed
forward until T — 1. Attimet, giventhe stateof the register bank
Xt, let B=D¢y1\ X andselectactionsasfollows:

¢ if B=0, donothing

o elsereplacéA*,B) whee A* C X \ D41 is a (notnecessar
ily unique)setof max0, |X;| + |B| — R] dataobjectswith the
largestlt(a), wheeli(a) is givenby

lt(a) =min{T — 1, min[s| a€ Dsandt < s<T] }.

X[ X1 X X3 X X5 X X
ala a a x ¢ ¢ a
y y b b b b b b
dla b b x ¢ b a
X[ X1 X X3 X X5 X X
ala —-— — X ¢ — a
y|l—- b - - =5 5 =
dla b b x ¢ b a

Tablel: Forwardpolicy: stateevolution andspilling windows.

Theforwardpolicy correspondto replacingdataobjectsonly when
necessanandreplacingthoseobjectswhichwill beusedthelatest
(or not usedagainfirst, i.e., thosewith thelargestl; (). Spacepre-
cludesus from presentingour proof of optimality — it is basedon
dynamicprogrammingesults.

This policy minimizesthe numberof statechangegcost) by
keepingdataobjectswhich arelikely to be usedin the sequelin
the registerfile. As a consequence alsomaximizesthe avelage
lengthof spilling windows. Tablel exhibits the stateevolution of
the registerfile for the forward policy usingan example. The ta-
ble exhibits the datastreamD andthe statesof the registerfile X;.
Considetthefirst row of dataobjectsin theregister It shavsthata,
whichis neededn theregisterattime 1, is replacecoy x attime 4.
We call this time intenal its spilling windowanddenoteits length
by spillwin(a, x) = 4— 1 = 3. Asdiscusseth theintroductionlarge
spilling windows correspondo availabletime to make a possible
spill of a to memorycombinedwith a load of x into the register
file. Thetablebelav shavs suchspilling windows usingright ar
rows (—) to indicatethatatransactiorcantake placemoving a to
X. You changedthis soyou fix it!! Note that dataobjectb first
appearsn theregisterat time 2 andcanbe written to memory(if
needed}thereafter By contrastx is immediatelyreplacedwith c,
andhasa spilling window of length1, sothereis little leevay to
spilling x to memory beforetime 5. We may expectthe schedule
to bedelayedf accesse memoryarelengthy Thusalthoughthe
numberof statechangess a minimumandthe aveiage sizeof the
spill windows is large, we may have somedataobjectswith very
large spill windows thatarenot fully utilized andotherswith very
small spill windows that force the delayingof the schedule.This
suggestghatit may be desirableto explore alternatepoliciesthat
would generatespill windows thatareconsistentlyjarge.

3.2 Backward policy

Supposé € Dy is a dataobjectthatneedso bein theregisterfile
attimet. If theregisteris notcurrentlyfull, we cansimplyloadthe
dataobject—in factwe could have prefetchedt earlier However
if theregisteris full, a dataobjectcurrentlyin the registerfile will
needto bereplacedWe will consideragreedypolicy which looks
backin timeandselectsadataobjecta* € X; thatwasleastrecently
usedi.e.,a* € agmin,{ p;(a)|ae X} wherep(a) denoteshetime
thata waslastusedor is setto 0, i.e.,

pt(a) = max{0, maxs|ac Dsandl<s<t]}.

This backwardlooking policy is summarizedelow.

Algorithm 3.2 (Backward Policy) Startingfromt = 0 with initial
stateXp proceedforward to T — 1. Attimet, giventhestateof the
registerbankX, let B= D;1 \ X andselectactionsasfollows:

e if B=0, donothing

o elsereplacéA*,B) whee A* C X \ D41 is a (notnecessar
ily unique)setof max0, |X| + |B| — R] dataobjectswith the
smallestp(a).



X [ X1 X X3 X X5 X X
a a a a X X b b
y y b b b c c a
d a b b X c b a

X[ X1 X X3 X X5 X X
a a —- —- X = b b
y |—= b b - ¢ — a
dla b b x ¢ b a

Table2: Backwardpolicy example:stateevolution andprefetching
windows.

Suppose dataobjecta* is replacedy b in theregisterfile attime

t, thentheprefetchingvindow is givenby prefetchwir{a®,b) =t —

pt(a*). Thismeasurethetime frameduringwhich the dataobject
b could have beenloadedfrom memory Note thatif b werethe
resultof anactiity at stept — 1, onewould notbeableto prefetch
the dataobject. For the time beingwe ignore suchinformation
which is of courseembeddedn the dataflav. In the casewherea
dataobjectis loadedattimet withoutreplacemenive shalldenote
its prefetchingwindow by prefetchwir{®, b) = t.

Fact 3.1 Supposehe “backward policy” is usedto determinea

sequenc®f contols for the register bankto supportthe data se-
quenceD givenan initial conditionXg. Assumethat D satisfies
|Dt| < M for all t, and supposefor simplicity) that R = kM for

someinteger k. The prefethiing window associatedwith any re-

placemenbf a dataobjectin theregisterfile, sayreplacga®,b), at

anytimet > k satisfies

prefetchwirfa*,b) =t — pr(a*) > k— 1.

Similarlyif theregisteris notfull attimet andanobjectbis loaded
its prefetting windowis givenby prefetchwirf0,b) =t > k—1.

Dueto spaceconstraintsve have not includeda proof of Fact
3.1. lts significances thatit assuress that the prefetchingwin-
dows associateavith the backward policy will eventuallyalways
exceedsomeminimal size. Suchuniformity, hasadwantagesasit
ensuresll replacementsiill have areasonabléme to take place.
Thebackwvard policy, hawvever, hassomedravbacksof its own. It
mayincurmary morechangesn state andsincethecapacityof the
bus interconnects limited it may resultin increasedlelays. The
increasedhumberof fetchesandspills mayincreasehe lateny of
theschedulalthoughonehasconsistentlylarge’ prefetchingwin-
dows in whichto load dataobjects.Table2 shavs the stateevolu-
tion obtainedfor our simpleexampleusingthe backward policy as
well astheassociategrefetchingwindows. Notethatall prefetch-
ing windows exceed(R/M), viz., 2. Thenumberof statechangess
5 with the backward policy while it was4 with the forward policy.
As we will seein §6 suchcomparisonsre moreinterestingwhen
we quantifythelateny of a scheduldor a givendatapattanduse
it asameasureo rankthe performancef a policy.

3.3 Tradeoff policy - Latency vs. Energy Consumption

To find acompromisébetweemminimizing statechangegandthus
enegy consumptiongndobtaininglarge prefetchingwindows we
proposeo usepoliciesthatlook bothforwardandbackward. Sup-
posedataobjecta € X \ Di+1 is acandidatdor replacemerdittime
t. Thetradeof policy proposedelon takesdecisionson replace-
mentbasedon a rankingfunctionr(a) that may dependon both
pt(a) andli(a) aswell asvariousotheraspect®f the problem.

Algorithm 3.3 (Tradeoff Policy) Startingfromt = 0 with initial
stateXp proceedforward to T — 1. Attimet, giventhe stateof the
registerbankX, let B= D;41 \ X andselectactionsasfollows:

¢ if B=0, donothing

o elsereplacéA*,B) whee A* C X \ Dt41 is a (notnecessar
ily unique)setof max0, |X;| + |B| — R] dataobjectswith the
largestranksri(a), whee tiesare brokenarbitrarily.

Notethatthebackwardandforwardpoliciesarearespeciakcas-
eswith rankingfunctionsgivenby — pt(a) andlt(a) respectiely. In
looking backward, it is desirableto replacedataobjectsthathave
beenin the registerfile for a long time, sincesuchreplacements
will be associatedavith large transactiorwindows. In looking for-
ward it is desirableto retain dataobjectsthat might be reusedin
thenearfuture. We might howvever wantto preempthe formation
of large spill windows, particularlywhenthe numberof registersis
low. To achieve tradeofs betweernthesetwo policieswe consider
thefollowing rankingfunctions:

re(a) = a(li(a) —t) + B(t — pt(a)) wherea, 3 > 0 areparame-
tersthatemphasizehe minimizationof statechangesndsizesof
prefetchingwindows respectiely.

4 Heuristics that account for data object type

Below we proposesereraldatatype dependentie breakingheuris-
tics to furtherimprove our registerassignmenpolicies. They are
basedn the characterizationf dataobjects,asPl, POor LD, and
thehistoryof thedataobjectin theschedule Considerdataobjects
a,b,candd wherea is of anydatatype bisaPl,cisaPOandd is
aLD thatarecandidatesor replacemenattimet with samerank.
We proposehefollowing heuristicpolicies:

1. If awill not be neededagainthenreplacea therebysaving
the extra load operationthat might have beennecessaryf
anotherataobjectwerespilled.

2. We chooseb over d, becauseeplacinga primaryinput only
incursafuturecostof aload(whenit is neededput replacing
alocal dataobjectinvolvesanadditionalstore(sothatit can
beretrievedlater)andaload (whenit is needed).

3. We choosec over d, because primary outputneedsto be
writtento memoryeventually thusdoingsonow wouldincur
atotal costof storeandaload. Choosingto replaced would
leadto the highercostof storeandload for the local data
objectaswell asaneventualstorefor the primaryoutput.

4. Finally, if local dataobject,sayd, or primary output,sayc,
hasbeenrecordedo memoryit never needsto be storedto
memoryagain. We might saythatthereafteithe dataobject
now behaeslik e a primaryinput. Thuswe suggesthanging
its typeto Pl andapplyingthe above rulesthereafter

Note that theseheuristicsarenot known to be “optimal,” but they
have a strongintuitive basisandwork well in practice.

5 Clustered VLIW datapaths

Until now our discussiorhasfocusedon a singleregisterfile. Our
approachcan howvever be appliedto clustereddatapathsuchas
that shavn in Fig. 2. Note that, the samedataobject may nov

be requiredin differentregisterfiles. As discussedn the sequel,
this doesnot affect our policiesin ary significantway. In this new

scenariove have m datastreamscorrespondingo m registerfiles

whichwe assigrusingour policiesasbefore.Wedo, however, need
to enforcedata-dependega@onstraintacrossclusters.Specifical-
ly, we needto ensurethat a dataobjectis not readfrom a register
file by a functionalunit beforeit hasbeencreatedin someother
registerfile andcopiedto its currentlocation. In suchcasesve in-

troducestallsin the scheduldghatis waiting for the creationof the
dataobject.
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6 Experimental Results

Until herewe have discussegboliciesaimedatdecidingwhich data
objectsto spill to memory whenrequired,with a view on mini-
mizing latengy. Basedon a replacemensequence®btainedusing
the above policies, we proposeto greedily scheduletransactions
andactiities ensuringthat actities are executedin the specified
order We usea greedyschedulehat malkesthe mostof spill and
prefetchwindows, andenforcesjf needbe, synchronizatiorcon-
straintsamongstreamsassignedo differentregisterfiles, seee.qg.,
Fig.2. Spaceprecludesisfrom giving adetailedaccountingof this
process.The obtainedschedules of coursenot necessarilyopti-
mal but certainly exploits the locality of the stream,the spill and
prefetchwindows, andavailablebusesin a greedyfashion.

We will considerranking policies parameterizety a € [0, 1]
wherea + 3 = 1, see§3.3. Thusa = 1 correspondso theforward
policy anda = 0 to the backward policy. We have performedex-
tensve simulationson randomdatastreamsput noneis astelling
asthosefor real examples.We presenta representate streamof
dataobjectscorrespondingdo the loop body of a 4th order Aven-
housfilter mappedon the datapathshavn in Fig.2. Several reg-
ister file sizes,and load/storelatenciesof 1,2,3 relative to func-
tional executionare considered Fig.4 exhibits the overall lateng,
accountingfor tie breakingheuristics,primary input/outputtypes
of the dataobjects,for the rangeof ranking policies and various
load/stordatencies.The mosttelling, andrecurringpatternin the
resultswe obtainedon real exampleswasthatthe backward poli-
cy alonewasonly advantageousvhentheregisterfile wasindeed
very small,andtheload/stordateny wasalsosmall,Fact3.1sug-
gestswhy this might be the casefor larger registerfile sizesthe
forward policy tendsto provide betterresults.. Ontheotherhand
memoryaccessebave afirst orderimpacton enegy consumption
of anembeddedystem.Rankingpoliciesbasecn bothbackward
and forward tend to be more robust to changesn the datapatts
capacityandload/storelatencies. Fig.5 exhibits the averagespill

— T
0
2
Alpha=0.4 >
16 - Alpha={ b
Alpha0.8
a=1.0/5

14+ g 7
12+ 4:9“‘” 4

10 i B

Average spill window size
Y

Average pre-fetch window size

L L L L L L L
15 16 17 18 19 20 21 22

P S S
6 7 8 9 10 1 12 13 14
Number of registers

Figure5: Representate averageprefetchandspill windows.

and prefetchwindows and shaws the bias of the backward policy

to increasingorefetchingwindows while thatof theforward policy

to increasingspill windows. The benefitsof thesedependon the

numberof primaryinputs/outputsthe registersize,andthe locali-

ty in the stream.To achieve robustresultswe proposeconsidering
the parameterizegoliciestogetherensuringthatvarioustradeofs

have beenexploredin attemptingto achieze a schedulewith low

lateng.

7 Conclusions

We discussa novel approachto the register assignmenproblem
aimedat both exploiting the locality in the streamsof datato be
supportedy theregisterfilesaswell asincurringlow delaysdueto
spills to memory We proposea parameterizedlassof dataobject
replacemenpoliciesthat covers variouscompromiseghat might
needto be madewhen determininga minimum latengy schedule
for a dataflav aswell asminimizationof spills do to enegy con-
sumptionon a given datapath.Our experimentalstudieson both
syntheticdatastreamgnotreportedandreal streamshav thatthe
policiesenableoneto explore thesecompromisesn a systematic
fashion.This work is complementaryo the proposalin [5] which
strivesto find goodjoint binding/schedulingf a dataflav to clus-
tereddatapathssoasto minimizetherequireddatatransferamong
registerfiles.
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