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Abstract

The paper presentsa preliminary evaluation of
novel techniquesthat addressa growing problem –
power dissipationin on-chip interconnects. Recent
studieshaveshownthat around50% of the dynamic
powerconsumptionin modernprocessors is within on-
chip interconnects. The contribution of interconnect
power to total chip power is expectedto be higher
in future communication-boundbillion-transistorar-
chitectures. In this paper, we proposethe designof
a heterogeneousinterconnect,where somewires are
optimizedfor low latency and others are optimized
for low power. We showthat a large fraction of on-
chip communicationsarelatencyinsensitive. Effecting
thesenon-criticaltransfersonlow-powerlong-latency
interconnectscan result in signi�cant powersavings
without unduly affecting performance. Two primary
techniquesare evaluatedin this paper: (i) a dynamic
critical path predictor that identi�es resultsthat are
not urgentlyconsumed,and(ii) an addressprediction
mechanismthat requires addressesto be transferred
off thecritical pathfor veri�cation purposes.Our re-
sultsdemonstrate that 49% of all interconnecttrans-
fers canbeeffectedon power-ef�cient wires,while in-
curring a performancepenaltyof only2.5%.

1. Intr oduction

The shrinkingof processtechnologieshasenabled
hugetransistorbudgetson a single chip. To exploit
thesetransistorsfor high performanceprocessing,nu-
merouspartitionedarchitectureshave beenproposed
[9, 15, 17, 18, 19, 20]. A partitionedarchitectureem-
ploys smallprocessingcores(alsoreferredto asclus-

ters) with an interconnectfabric and distributes in-
structionsof asingleapplicationacrosstheprocessing
cores.By implementingsmallcores,fastclockspeeds
and low designcomplexity can be achieved. Since
a singleapplicationis distributed acrossthe clusters,
partitionedarchitecturesinevitably entailfrequentdata
transfersacrossthe chip. Thus,future processorsare
likely to beextremelycommunication-bound, from the
pointof view of performanceandpower.

Studies[1, 14, 19] have shown thatwire delaysdo
not scaledown at thesamerateaslogic delays.As a
result, the delayto senda signalacrossthe diameter
of a chip will soonbeof theorderof 30 cycles.These
longwire delaysserveasaseriousperformancelimiter
at future technologygenerations.Further, it hasbeen
shown thaton-chipinterconnectsaccountfor roughly
50%of the total power dissipationin modernproces-
sors[16]. Thus,the designof the interconnectfabric
hasa strongin�uence on processorperformanceand
power.

Thispaperexaminesperformanceandpower trade-
offs in the designof the inter-clustercommunication
network. Most evaluationson partitionedor clustered
architectureshave focusedon instructiondistribution
algorithmsthatminimizecommunicationandloadim-
balance.However, power optimizationsof the inter-
connectat the microarchitecturallevel have received
little attention. We proposeandevaluatemicroarchi-
tectural techniquesthat can exploit a heterogeneous
network with varyingperformanceandpower charac-
teristics.

A performance-centricapproachattemptsto opti-
mize wires to minimize delay. This entails the use
of optimally spacedrepeaters,large drivers,andwide
wires,all of whichincreasepowerdissipationin thein-



terconnect.By optimizingwires for power ef�ciency,
performanceis compromised.For example,by elimi-
natingrepeaters,wire delaybecomesaquadraticfunc-
tion of wire length. To alleviate power consumption
bottlenecksin future processorgenerations,we pro-
posethe designof a heterogeneousnetwork, where
half the wires are optimizedfor delay and the other
half for power. We demonstratethat data transfers
on the interconnectfabrichave varyingdelayrequire-
ments. Many transfersarenot on the programcriti-
calpathandcantoleratelongercommunicationdelays.
By effectingthesetransfersonthepower-ef�cient net-
work, signi�cant reductionsin power are observed
with minimal impactonperformance.Weidentify two
majorsourcesof non-criticaltransfers- (i) valuesthat
are not urgently sourcedby consuminginstructions,
and(ii) valuesthatarebeingtransferredto verify ad-
dresspredictions.

The restof thepaperis organizedasfollows. Sec-
tion 2 describesthe communication-boundprocessor
that servesasthe evaluationframework. We propose
techniquesthat canexploit a heterogeneousintercon-
nectin Section3 andevaluatethemin Section4. Sec-
tion 5 discussesrelatedwork andwe concludein Sec-
tion 6.

2. The BaseClustered Processor

Mostproposalsfor billion-transistorprocessorsem-
ploy a partitionedarchitecture[9, 15, 17, 18, 19, 20].
The allocationof instructionsto computationalunits
canbe performedeitherstatically [9, 12, 15, 17, 18,
23] or dynamically[5, 19, 20]. All of thesedesigns
experiencea largenumberof datatransfersacrossthe
chip. For the purposeof this study, we focuson one
exampleimplementationof a partitionedarchitecture
– a dynamicallyscheduledgeneral-purposeclustered
processor. Thesolutionsproposedin thispaperareap-
plicableto otherarchitecturesaswell andarelikely to
beequallyeffective.

Theclusteredprocessorthatservesasanevaluation
platformin thisstudyhasbeenshown to work well for
many classesof applicationswith little or nocompiler
enhancements[2, 5, 8, 11, 12, 26]. In this processor
(shown in Figure1), thefront-endis centralized.Dur-
ing registerrenaming,instructionsareassignedto one
of 16 clusters. Eachclusterhasa small issuequeue,
physicalregister �le, and a limited numberof func-
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Figure 1. The 16-cluster system with four sets of
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tionalunitswith a singlecyclebypassnetwork among
them. If an instruction's sourceoperandsarein a dif-
ferentcluster, copy instructionsareinsertedin thepro-
ducingclustersandthevaluesarecopiedinto physical
registersin theconsumingcluster. To minimizecom-
municationcostandloadimbalance,weimplementin-
structionsteeringheuristicsthatrepresentthestate-of-
the-art. Theseheuristicsincorporateinformation on
dependencechains,critical operands,load, physical
location, etc., and have beenextensively covered in
otherpapers[5, 11, 24].

The load/storequeue(LSQ) andL1 datacacheare
centralizedstructures. Effective addressesfor loads
and storesare computedin one of the clustersand
thensentto thecentralizedLSQ.TheLSQ checksfor
memorydependencesbeforeissuingloadsto thedata
cacheandreturningdatabackto the requestingclus-
ter. While distributedLSQandcacheimplementations
have beenproposed[13, 26], we employ a centralized
LSQ andcachebecausea distributed implementation
entailssigni�cant complexity andoffers only modest
performanceimprovements[4, 13].

Aggarwal andFranklin[3] pointout thatacrossbar
hasbetterperformancewhenconnectingasmallnum-
berof clusters,while aring interconnectperformsbet-
ter whenthenumberof clustersis increased.To take
advantageof bothcharacteristics,they proposea hier-
archicalinterconnect(Figure1), whereacrossbarcon-
nectsfour clustersanda ring connectsmultiplesetsof
four clusters.This allows low-latency communication
betweennearbyclusters.Eachlink ontheinterconnect
hasathroughputof two transferspercycleto dealwith
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thehigh traf�c that is inevitable in sucha partitioned
architecture.

3. ProposedTechniques

3.1 Moti vation

A majorbottlenecklimiting theperformanceof any
partitionedarchitectureis the communicationof data
betweenproducerandconsumerinstructionsin differ-
entprocessingunits. An idealdesignwould employ a
high speedwire thatconsumedaslittle power aspos-
sible. Magenet al. [16] show that 90% of the dy-
namicpower consumedin the interconnectis in 10%
of thewires.Theglobalwiresin thepartitionedarchi-
tecture,suchasthe crossbarandinter-crossbarwires
thatconnectthedifferentclustersarelikely to bema-
jor contributorsto interconnectpower. Datacommun-
ciation on the interconnectcanbe categorisedasfol-
lows: register values,storedata, load data, and ef-
fective addressesfor loadsandstores.Registervalue
transfersaccountfor 54% of all inter-clustercommu-
nication,while the transferof datafor storeinstruc-
tions accountsfor around5%, dataproducedby load
instructionsaccountsfor 15%, andthe transferof ef-
fective addressesaccountsfor 24%of all communica-
tion. In the subsequentsubsections,we show that a
numberof transfersin eachof thesecategoriesis la-
tency insensitive.

3.2 Power­Performance Trade­Offs in Inter con­
nectDesign

The premisebehindthepaperis that thereexists a
trade-off betweenperformanceand power consump-
tion in thedesignof on-chipinterconnects.An inter-
connectthat is optimizedfor low power is likely to
have longerdelaysandthishasadebilitatingeffecton
programperformance(quanti�ed in Section4). There-
fore, we proposethe designof a heterogeneousin-
terconnectwherehalf of the wires areoptimizedfor
low delay and the other half are optimized for low
power. As part of a preliminary evaluation,our fo-
cus hasbeenthe identi�cation of latency insensitive
interconnecttransfersanda quanti�cation of the per-
formanceimpactof effectingthemonlow power, long
latency wires.A detailedcharacterizationof thepower
andperformanceof different interconnectimplemen-
tationsremainsfuture work. Here, we qualitatively

discussoneof thetechniquesthatcanbeemployedto
reduceinterconnectpower, althoughat a performance
cost.

Banerjee[7] developeda methodologyto calculate
the repeatersize and interconnectlength that mini-
mizesthetotal interconnectpower dissipationfor any
given delay penalty. The premisebehind their ap-
proachis also basedon the fact that not all global
interconnectsare on the critical path and hence,a
delay penalty can be toleratedon thesenon-critical
power ef�cient interconnects. As processtechnolo-
giesscalebeyond 130nm,leakagepower contributes
signi�cantly to theinterconnectpowerandhencetheir
techniqueprovidesgreaterpower savings. For a de-
lay penalty of 20%, the optimal interconnectsaves
50% and70%power in 100and50 nm technologies.
Clearly, with technologyscaling,leakagepower dissi-
pationbecomesthedominatingcomponentof thetotal
power dissipationandthe useof small repeaterscan
helplower thetotal interconnectpower.

3.3 Identifying Critical RegisterOperands

To identify latency insensitive communications,the
�rst groupof datatransfersthatwe targetareregister
valuesthatgetbypassedto consuminginstructionsas
soonasthey aregeneratedby producinginstructions.

Bypassof RegisterValues

In general,eachinstructionexecutedby aprocessor
requiresoneor moreinput registeroperandsfor its ex-
ecution.Theinstructionsproducingtheoperandswake
up theconsumerassoonasthey generatetheoperand
values. A consumerinstructioncannotissueuntil all
of the input operandshave arrived. The operandthat
is producedlast is more critical and needsto arrive
at the consumerasearly aspossible,while the other
operandscanarriveaslateasthelastoperand.In some
cases,evenif all theoperandsareready, theinstruction
canwait in theissuequeueif thereis heavy contention
for the functionalunits. A tablethatcanclassifydata
basedon their arrival time andusagecanbe usedto
sendthemeither througha fast critical network or a
slow non-criticalnetwork.

We begin with a high-level descriptionof how crit-
icality informationis gathered.Eachinstructionin the
issuequeuekeepstrackof thetimedifferencebetween
thearrival of aninputoperandandits actualexecution.

3



If thetime differenceis signi�cant, thetransferof the
inputoperandis consideredlatency insensitive. When
the instructioncompletes,alongwith the completion
signalto thereorderbuffer (ROB), acoupleof bitsare
transmitted,indicatingthecriticality natureof eachin-
put operand.TheROB is augmentedto keeptrackof
a few PCbits for theproducerof eachinput operand.
Thesebitsareusedto index into aCriticality Predictor
thatis a simplearrayof saturatingcounters,similar to
a branchpredictor. Whenan instructionis dispatched
to a cluster, its criticality predictionis alsosentto the
cluster. When the instructioncompletes,its result is
transferredto consumerson the low latency or low
powernetwork dependingonthecriticality prediction.
Thus,somenon-trivial hardwareoverheadhasbeenin-
troducedin the centralizedfront-end. This overhead
maybeacceptablein anarchitecturewherethepower
consumedby on-chipcommunicationsfar outweighs
the power consumedin the criticality predictor, re-
name,and ROB stages.This implementationserves
asanexampledesignpoint to evaluatethenumberof
non-criticaltransfers.Othersimplerimplementations
of criticality predictorsarepossible– for example,in-
structionsfollowing low-con�dencebranches.As fu-
ture work, we plan to evaluatethe behavior of other
criticality predictors.

Transfer of ReadyRegisterOperands

The above discussiontargets register values that
have to be urgently bypassedto dependentinstruc-
tions assoonasthey areproduced.Thereexists an-
otherclassof registerinput operandsthatarealready
readywhenan instructionis dispatchedby the front-
end. Sinceit might take many cyclesfor the instruc-
tion to be dispatchedto a clusterand for it to begin
execution,the transferof its readyregister operands
to the consumingclusteris often latency insensitive.
We observed thatall suchtransferscanbeeffectedon
the slow power-ef�cient network with a minimal im-
pacton performance.Suchan implementationis es-
peciallyfavorableasit doesnotentailadditionalhard-
wareoverheadfor predictionmechanisms.

3.4 Communicationsfor CacheAccess

CacheAccessin the BaseCase

The earlier subsectiondescribesthe identi�cation

of register valuesthat arenot urgently consumedby
other instructions.Registervaluesrepresenta subset
of thetraf�c observedontheinter-clusternetwork. All
loadsandstorescomputetheir effective addressesin
theclustersandforwardthemto thecentralizedLSQ.
A loadin theLSQwaitsuntil its memorydependences
are resolved beforeaccessingthe L1 datacacheand
forwarding the result back to the requestingcluster.
For storeinstructions,thedatato bestoredin thecache
is computedin oneof theclustersandforwardedto the
centralizedLSQ. The LSQ forwardsthis datato any
dependentloadsand eventually writes it to the data
cachewhen the storecommits. Thus, in addition to
the transferof 64-bit registervalues,the inter-cluster
network is alsoresponsiblefor thetransferof loadef-
fective addresses,storeeffective addresses,loaddata,
andstoredata.

Non-Critical Load Data

Thedataproducedby aloadinstructionmaybecrit-
ical or not, dependingon how quickly theconsuming
instructionsissue. The criticality predictordescribed
in the previous subsectioncan identify load instruc-
tions thatproducecritical data.Thus,it is possibleto
employ the techniquesdescribedearlier to sendload
dataon eitherthe critical or non-criticalnetwork. In
orderto not furthercomplicatethedesignof thecriti-
cality predictor, for thepurposesof this study, we as-
sumethatall loaddatais sentto therequestingcluster
via thefastcritical network.

Non-Critical Store Data

Storedata,on theotherhand,is oftennon-critical.
Thelatearrival of storedataattheLSQmaydelayexe-
cutionin thefollowing ways:(i) dependentloadshave
to wait longer, (ii) thecommitprocessmaybestalledif
thestoreis at theheadof thereorderbuffer. As our re-
sultsin thenext sectionshow, bothof theseeventsare
infrequentandstoredatacanbe indiscriminatelysent
on a slower, power-ef�cient network. In our bench-
mark set,about5% of all interconnecttraf�c canbe
attributed to storedata,providing ampleopportunity
for powersavings.

Non-Critical Load and Store Effective Addr esses

Load andstoreeffective addresstransfersareusu-
ally on thecritical path– storeaddressesareurgently
requiredto resolve memorydependencesandloadad-
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dressesarerequiredto initiatecacheaccess.For many
programs,accurateaddresspredictionandmemoryde-
pendencespeculationcanacceleratecacheaccess[4].
For loads,at the time of instructiondispatch,the ef-
fective addressandmemorydependencescanbe pre-
dicted. This allows the cacheaccessto be initiated
without waiting for the clustersto produceload and
storeeffective addresses.As soonasthe cacheis ac-
cessed,datais returnedto the clusterthat housesthe
loadinstruction.Whentheclustercomputestheeffec-
tive address,it is sentto the centralizedLSQ to ver-
ify that theaddresspredictionwascorrect.Theeffec-
tiveaddressandmemorydependencepredictorscanbe
tunedto only make high-con�dencepredictions,caus-
ing themispredictrateto bemuchlower than1% for
mostprograms[4]. With suchanimplementation,the
transferof theeffective addressfrom theclusterto the
centralizedLSQ is no longeron thecritical path– de-
laying theveri�cation of addresspredictionsdoesnot
signi�cantly degradetheinstructionexecutionrate.

3.5 Summary

Thus,weobservethattherearetwo primarysources
of delay-insensitive transfers in a communication-
boundprocessor. (i) Data that is not immediatelycon-
sumedby dependentinstructions: Of these,register
resultsproducedby instructions,including loads,can
beidenti�ed asnon-criticalby ourcriticality predictor.
Storedatais alwaysconsiderednon-critical.Inputreg-
isteroperandsthathave alreadybeengeneratedwhen
theconsumerinstructionis dispatched,arealsoalways
considerednon-critical. (ii) Data transfers that verify
predictions: If load andstoreeffective addressesare
accuratelypredictedat thecentralizedLSQ, thetrans-
ferof theseaddressesfrom theclustersto theLSQhap-
pensonly for veri�cation purposesanddoesnot lie on
thecritical pathfor any instruction's execution.

Section4 identi�es theperformanceimpactof send-
ing delay-insensitive transfersonapower-ef�cient and
slower network.

4. Results

4.1 Methodology

Oursimulatoris basedon Simplescalar-3.0 [10] for
theAlpha AXP ISA. Separateissuequeuesandphys-
ical register �les aremodeledfor eachcluster. Con-

Fetchqueuesize 64
Branchpredictor comb. of bimodaland2-level

Bimodalpredictorsize 2048
Level 1 predictor 1024entries,history10
Level 2 predictor 4096entries

BTB size 2048sets,2-way
Branchmispredictpenalty at least12cycles

Fetchwidth 8 (acrossup to 2 basicblocks)
Dispatchandcommitwidth 16

Issuequeuesize 15percluster(int andfp, each)
Register®le size 30percluster(int andfp, each)

Re-orderBuffer size 480
IntegerALUs/mult-div 1/1 (in eachcluster)

FPALUs/mult-div 1/1 (in eachcluster)
L1 I-cache 32KB 2-way
L1 D-cache 32KB 2-way set-associative,

6 cycles,4-wayword-interleaved
L2 uni®edcache 2MB 8-way, 25cycles

I andD TLB 128entries,8KB pagesize
Memorylatency 160cyclesfor the®rst chunk

Table 1. Simplescalar sim ulator parameter s.

tentionontheinterconnectsandfor memoryhierarchy
resources(ports,banks,buffers, etc.) aremodeledin
detail. To modela wire-delay-constrained processor,
eachof the 16 clustersis assumedto have 30 physi-
cal registers(int andfp, each),15 issuequeueentries
(int andfp, each),andonefunctionalunit of eachkind.
While wedonotmodelatracecache,wefetchinstruc-
tionsfrom upto two basicblocksin acycle. Important
simulationparametersarelistedin Table1.

The latencieson the interconnectswould depend
greatlyon thetechnology, processorlayout,andavail-
able metal area. The estimationof someof these
parametersis beyond the scopeof this study. For
the basecase,we make the following reasonableas-
sumptions:it takesa cycle to senddatato the cross-
bar router, a cycle to receive datafrom the crossbar
router, and four cycles to senddata betweencross-
bar routers. Thus, the two most distantclusterson
thechip areseparatedby 10 cycles. Consideringthat
Agarwal et al. [1] project30-cycle worst-caseon-chip
latenciesat 0.035� technology, we expectthis choice
of latenciesto berepresentative of wire-limited future
microprocessors1. We assumethat eachcommunica-
tion link is fully pipelined,allowing the initiation of
a new transferevery cycle. Our resultsalsoshow the
effect of a network that hascommunicationlatencies
that are a factor of two higher. By modeling such
a communication-boundprocessor, we clearly isolate

1It mustbenotedthattheL2 wouldaccountfor a largefraction
of chiparea.
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theperformancedifferencesbetweenthedifferentsim-
ulatedcases.Similar resulttrendswerealsoobserved
whenassuminglatenciesthatwerelowerby afactorof
two. As Agarwal et al. predict[1], IPCsobservedare
low dueto averyhigh clock rateandpresenceof wire
delaypenalties.

Weuse21of the26SPEC-2kprogramsasabench-
markset2. Theprogramswerefast-forwardedfor two
billion instructions,simulatedin detail for a million
instructionsto warm up variousstructures,and then
measuredover thenext 100million instructions.The
referenceinputsetwasusedfor all programs.

To understandthe inherentadvantagesof the criti-
cality predictor, thesimulationswereperformedwith-
out any addressprediction. This is becauseaddress
predictionaddsto thebene�tsof theexisting method-
ology andthe combinedresultswould not re�ect the
useof thecriticality predictorclearly. At theendof the
section,potentialbene�ts of the criticality predictor
with addresspredictionarediscussed.For all simula-
tions, threedifferentinterconnectcon�gurationshave
beenused. In the base(high-performance) case,the
interconnectsbetweenthe clustersare optimizedfor
speedandallow two transferseverycycle. To modela
processorthathasinterconnectsoptimizedfor power,
we simulatea model (low-power) like the basecase,
but with wire latenciestwice asmuchasthosein the
high-performancecase.Thedifferencein theaverage
IPC betweenthesetwo caseswas found to be 21%,
underlining the impropriety of an approachthat fo-
cusessolelyon low power. Thecriticality-basedcase
assumesa heterogeneousinterconnectwith a combi-
nation of both the power optimized and the perfor-
manceoptimizedwires. In every cycle,wecan start
one transfereachon the performance-optimizedlink
andon the power-optimizedlink. The latency of the
performance-optimizedlink is like that of the high-
performancecase,while the latency of the power-
optimizedlink is like that of the low-powercase. In
the criticality-basedcase,all storedatagoesthrough
thepower optimizedwireswhile all loaddatautilizes
the fast wires. The readyoperands,operandswhich
areavailablefor theconsuminginstructionat thetime
of dispatch,areall sentthroughthe power optimized
wires. The criticality predictoris usedto choosebe-

2Sixtrack, Facerec, andPerlbmkwerenot compatiblewith our
simulationinfrastructure,while AmmpandMcf weretoomemory-
boundto beaffectedby processoroptimizations.

Figure 2. Graph sho wing perf ormance of the
criticality-basedappr oach, compared to the
high-performanceand low-powercases.

tweenthe fastandtheslow interconnectfor bypassed
registervalues.

4.2 Effectson Performance

Tounderstandtheperformanceof thecriticality pre-
dictor, we refer to Figures2 and3. In Figure2, the
grey barsdepictIPCfor thelow-powercase,theblack
barsdepicttheimprovementsin IPCobtainedby mov-
ing to the criticality-basedcase,and the white bars
show the differencein IPC betweenthe criticality-
basedandhigh-performancecases.Thegraphclearly
shows that increasingthedelayfor every singletrans-
fer hasa muchlarger impacton performancethanin-
creasingthedelayfor selectedtransfersbasedon crit-
icality. Figure3 shows theIPC gapbetweenthehigh-
performanceandcriticality-basedcasesandthecorre-
spondingpercentageof transfersthat get senton the
low-power interconnect. Note that thesemodelsas-
sumeno addresspredictiontechniques,requiringthat
all effectiveaddressesbesentonthelow-latency inter-
connect.

Thedifferencein theaverageIPCbetweenthehigh-
performanceand low-powercasesis 21%. For the
criticality-basedcase,the criticality predictoris em-
ployed only for bypassedregister transfers.The per-
centageof bypassedregistertransfersthatgetsenton
the low-power network is roughly 29%. In addition,
all storedataandreadyregisteroperandsget senton
the low-power network. From Figure3, We seethat
about36.5%of all transferscanhappenon the low-
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Figure 3. Plot sho wing the percenta ge of all
transf ers that happen on the low­po wer inter ­
connect (not inc luding predicted effective ad­
dresses) and the corresponding perf ormance
loss.

power network. Theoverall lossin IPC is only 2.5%,
showing thatwehaveidenti�ed averyfavorablesubset
of transfersthatarerelatively latency insensitive.

In eon and vortex, performanceincreasesslightly
compared to the base case – the ability of the
criticality-based interconnect to accomodatemore
datareducescontentionin the links. Gap is the only
programwheretheunpredictablenatureof thecodere-
sultsin a 11%IPC lossbecauseof inaccuraciesin the
criticality predictor.

This study highlights the importanceof consider-
ing thedesignof wireswith differentlevelsof perfor-
manceandpower in different partsof the processor.
Figure2 showsusthatreadyregistertransferstendnot
to beon thecritical pathandhencecanusetheslower
and power optimizedwires. It also tells us that the
designof bypassesrequirescarefulperformanceand
power considerations.The useof a criticality predic-
tor helpsus steerdatato preserve performancewhile
reducingpower.

Studies[4] haveshown thataround52%of effective
addresseshave high con�dence predictions. Trans-
ferring high con�dence addresspredictionson the
criticality-basedinterconnectcan potentially achieve
greaterpower savings. Figure4 depictsthe different
kindsof transfersthathappenon theinterconnectasa
fractionof the total transfers.We seethathigh con�-
dencepredictionsthatgo throughthecriticality-based
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Figure 4. Graph sho wing diff erent kinds of
non­critical transf ers as a fraction of total
transf ers

links accountfor 12.5%of the total transfers.This is
in additionto thealreadyexisting non-criticalregister
andstoredatatransfers.Overall, we have 49%of the
traf�c (including addressprediction values)through
thepower optimizedlinks.

In futurecommunication-boundprocessors,we ex-
pect more than 50% of chip power to be consumed
within theinterconnects.Assumingthatour approach
targetsroughly80%of on-chipinterconnectsandthat
the low-power wiresconsumehalf asmuchpower as
the high-power wires, overall chip power shouldre-
duceby about10%with ouroptimizations.

5. RelatedWork

Tuneetal. [24] andSrinivasanetal. [22] developed
severaltechniquesfor dynamicallypredictingthecriti-
cality of instructions.Sengetal. [21] usedtheQOLD
heuristic suggestedby Tune to �nd critical instruc-
tionsandredirectthemto differentunitsoptimizedfor
powerandperformance.TheQOLD heuristicpredicts
an instructionto becritical if it reachesthe top of the
issuequeue,i.e. theinstructionhasbeenwaiting for a
long time for its operands.They usedslow low power
unitsfor executingthenon-criticalinstructionsto limit
theperformanceimpact.A recentstudyby Balasubra-
monianetal. [6] evaluatesthedesignof heterogeneous
cachebanksandtheuseof criticality to assigninstruc-
tionsanddatato eachbank.

Magen [16] show that around50% of a proces-
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sor's dynamicpower is dissipatedin the interconnect
alone.They characterizeinterconnectpower in a cur-
rentmicroprocessordesignedfor poweref�ciency and
proposepower awarerouting algorithmsto minimize
power in the interconnect.They show that tuning in-
terconnectsfor power optimizationscouldyield good
results.

Several microarchitecturalpower simulatorshave
beenproposedto date.Recently, Wangetal. [25] pro-
posedan interconnectionpower-performancesimula-
tor to studyon-chipinterconnectsin futureprocessors.

6. Conclusions

Thepowerconsumedbyon-chipinterconnectsis al-
readyamajorcontributor to totalchippower [16]. Fu-
turebillion transistorarchitecturesarelikely to expend
signi�cantly morepower transferringvaluesbetween
thedifferentcomputationalunits. Varioustechniques,
suchasfewer repeaters,low-capacitancedrivers, low
voltageswings,etc., can be employed to reducethe
power within the interconnects,but at the cost of
longerwire delays.

Our resultsshow that a large fraction of on-chip
communicationsarelatency tolerant. This makesthe
casefor a heterogeneousinterconnect,wheresomeof
thewiresareoptimizedfor high speedandtheothers
for low power. Assumingsucha heterogeneousinter-
connectis possible,we evaluateits potentialto limit
performancedegradation,whileeffectingamajorityof
transferson the power-ef�cient network. Our results
show thatlatency tolerantnon-criticaltransferscanbe
classi�edasfollows: (i) registervaluesthatarenotur-
gentlyreadby consuminginstructions(accountingfor
32.3%of all interconnecttransfers),(ii) storedatathat
is often not forwardedto subsequentloads(account-
ing for 4.1%of all transfers),(iii) predictedload and
storeeffectiveaddressesthatarebeingtransferredonly
for veri�cation purposes(12.8%of all transfers).As
a result,roughly49% of all inter-clustercommunica-
tionscanbeoff-loadedto power-ef�cient wireswhile
incurringaperformancelossof only 2.5%.If theinter-
connectis entirelycomposedof power-ef�cient long-
latency wires, theperformancedegradationis ashigh
as 21%. Thus, a heterogeneousinterconnectallows
usto strike a betterbalancebetweenoverall processor
performanceandpower.

Thispaperservesasapreliminaryevaluationof the

potentialof a heterogeneousinterconnect.A morede-
tailedanalysisof thepower-performancetrade-offs in
interconnectdesignwill help us better quantify the
performanceand power effect of suchan approach.
Thetechniquesproposedherecanbefurtherextended
to apply to other processorstructures,such as the
ALUs, register�les, issuequeues,etc.
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