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Abstract

Thispaperdescribestheuseof simulationsto studythelim-
its on Instruction Level Parallelism (ILP) in a micronet-
basedasynchronousprocessor. The impact of two fea-
tureson theexploitableILP were studied: thedependency
lengthsbetweeninstructionsin theprogram,andtheasyn-
chronoussynchronisationoverheadin thearchitecture. The
resultsdemonstratethat theattenuationin thespeedupdue
to ILP is moderate with increasesin the synchronisation
overheads(of upto50%of ALU computationcost),thanks
to the overlappingof communicationand computationin-
herentin micronetarchitectures.

1 Intr oduction

The micronet[dka94] is a network of entitieswhich com-
puteconcurrentlyandcommunicateasynchronously. This
paperexploresthe impactof dependency lengthsandsyn-
chronisationdelayson the speedupdueto ILP in multiple
ALU micronetarchitectures.Section2 givesanoverview of
theMicronet-basedAsynchronousProcessor(MAP) datap-
ath,Section3 describestheCOMPASSdesignenvironment
whichwasusedto derive theresultsof theexperimentsde-
scribedin Section4.

2 The MAP Datapath

MAP is afamily of processorsbasedonthemicronetmodel
for the designof asynchronousarchitectures. The MAP
datapath,asshown in Figure8, is a networkof execution
units, suchas the InstructionBuffer, the InstructionIssue
Unit, Control Unit, Register Bank, and integer functional
units suchas the Memory Unit and the ALUs. The 32-
bit datapathexecutesa subsetof the MIPS instructionset.
It containssixty-four, 32-bit general-purposeinteger regis-
ters,anda collectionof dedicatedregistersfor theprogram

counter, link register(for the returnaddressof a function),
stackpointer (which points to the areain memoryfor the
spilt variables),andHI andLO registers(usedfor storing
theresultsof 32-bit multiplication). Eachexecutionunit is
composedof aFunctionalMicroagent(FM) whichexecutes
a speci�c micro-operation,and communicateswith other
units via CommunicatingMicroagents(CM) employing a
four-phasehandshakingprotocol. The InstructionBuffer
cachesinstructionsfor the InstructionIssueUnit, and the
ControlUnit mediatestheir operations.On the issueof an
instruction,theappropriatecontrolsignalsareassertedand
thedestinationregisteris locked,andtheinstructionis con-
sideredissuedoncethe signalshave beenacknowledged.
TheCMs betweentheregisterbankandtheX andY buses
communicateto placetheregistervalues,asspeci�edin the
instruction,on the X andY buses,respectively. The ALU
will operateon thevaluesandtheresultsareplacedon the
Z-busandwritten backto thedestinationregister, which is
thenunlocked.

3 The COMPASSDesignEnvir onment

The COMPASS DesignEnvironmentintegratestwo major
modules- a compilerbasedon SUIF which generatesas-
semblycodeof ANSI C programsfor theMAP target,and
an object-orientedmodelling and simulationenvironment
for MAP architectures,which executesthis code. COM-
PASS thereforesupportstheexplorationof both thearchi-
tecturalandcompileroptimisationspacesin a uni�ed envi-
ronment.
A C programis compiledinto the SUIF intermediaterep-
resentationusing C2suif. Compilationpassesare written
to operateon this intermediaterepresentationandprogram
optimisationis achieved by running a seriesof different
passes.MachineSUIF providestarget-speci�cfunctional-
ity andis built on top of SUIF andencapsulatesMAP spe-
ci�c elementswhich arenecessaryfor optimisations,such
asinstructionscheduling.MachineSUIF is built from a se-
lectionof libraries,eachof which canbeextendedor mod-



i�ed to implementdifferentarchitecturalformsor compila-
tion passes.Themostimportantoneis theMachinelibrary,
whichspeci�estheMachineSUIF intermediaterepresenta-
tion known asSUIFVirtual Machine(SUIFVM). TheSUIF
intermediaterepresentationis loweredinto a SUIFVM rep-
resentationbeforeexecutingMAP speci�c optimisations.
SUIFVM representsentitiesat a lower level and is closer
to theway theMAP architectureactuallyrepresentinstruc-
tions. Ratherthanrepresentinga for statementdirectly as
SUIF does,SUIFVM would representit asa block of in-
structions(the body of the loop) anda conditionalbranch
(theterminatingcondition).As in SUIF, aseriesof passesis
usedin theMachineSUIF compilationprocess:two passes
areusedto lower theSUIF intermediaterepresentationinto
SUIFVM, followedby asecondloweringto thetargetMAP
machinelibrary. MAP speci�c optimisationpassesarenext
run, followed by registerallocationand code�nalisation,
suchasstacklayout. Finally, a printer objectoutputsthe
programin anassemblyform for executionon the instruc-
tion level simulatorof theMAP architecture.
The core of the bespoke simulator is the SPAM kernel
whichcontrolstheorderof eventsto besimulatedandkeeps
track of the timing. The Memory andSim componentsin
thesimulatorarebuilt on topof theSPAM kernel.Theout-
put of the Assembler�lls the Memory with instructions,
which is interpretedby the objectswhich model the pro-
cessorbehaviour in the Sim component.They inherit the
functionalityof theEntity class,andattachedto theentities
areportswhich allow differententitiesto sendandreceive
events. The eventscorrespondto actionsin a processor,
suchasthevalueof a registerbeingread. Theentity class
inheritsfrom thecontext class,whichensuresthattheentity
keepsprocessinginformation,andthe entity classhandles
timing andensuresthat eventsget to the right placeat the
right time.

4 Experimentsand Results

We investigatedthe in�uence of two factors,onesoftware
andtheotherhardware,whichwouldaffecttheperformance
of programsexecutingon micronetarchiectures.The �rst
factor was the dependency lengths1 of the instructionsin
theprogram.This is animportantissuein thecaseof MAP
architectureswhich have a numberof ALUs to exploit in-
structionlevelparallelism.If themix of instructionsis dom-
inatedby oneswith small dependency lengths,then there
is a greaterlikelihoodof the InstructionIssueUnit being
stalleddue to thesedependencies.This would result in a
low utilisation ratesfor thesefunctionalunits,anda lower

1The dependency lengthof any two instructionswithin a basicblock
in a programis de�ned as the shortestdistance(in termsof numberof
instructions)betweentheproducerandtheconsumerinstructions.

speedup2. The secondfactor was the delay of the Com-
municatingMicroagents(CM) andhow this in�uenced the
speedup.One of the featuresof the micronetmodel was
to overlap the communicationwith the computationand
therebyamelioratethe overheadof asynchronouscommu-
nication. We wishedto assessin a quantitative mannerthe
in�uence of increasingtheCM delayon theoverall perfor-
mance.We usedsyntheticbenchmarkswhich werestraight
line codein which thedependency lengthsbetweenthe in-
structionswereuniform acrosstheinstructions,andranged
from 1 to 5 or wasin�nite, i.e. the instructionswereinde-
pendent.Figures1, 3 and5 illustrate the speedupfor the
benchmarksin thecaseof 2, 3 or 4 ALUs, wheretheALU
delay was set at 20 Time Units (TU), and the CM delay
rangedfrom 1 to 19 TU. Figures2, 4, and6 illustratethe
speedupfor the sameparameterslisted previously, except
thattheALU delaywassetat 120TU.
Thebestspeedupcorrespondedto thosecaseswherethede-
pendency length is in�nite and the CM delay is the low-
est. As the CM delay is increasedfrom 1 TU to 19 TU,
an increaseof 1800%,the speedupin the caseof 4 ALUs
- ALU delayof 120 TU (Figure6) is attenuatedby about
40%,comparedto 62%in thecaseof ALU delayof 20 TU
(Figure5). A comparablereductionof 63%in thespeedup
is experiencedin thecaseof 2 ALUs - ALU delayof 20TU
(Figure5), comparedto 22.5%reductionin thespeedupin
the caseof the ALU with 120 TU delay. In the caseof 1
ALU, thereductionin speedupis 22.5%(Figure1) and5%
(Figure2), respectively.
In summary, theperformanceis moretolerantto increases
in the synchronisationcosts,especiallyin caseswherethe
CM delayis lessthanone-tenthof theALU delay(Figures
2, 4 and6), whichre�ects therelative implementationcosts
in practice.
Figure7 illustratesthespeedupfor the inversediscreteco-
sine transform. The implementationof this algorithm is
characterisedby basicblocksof averagesizeof 31 instruc-
tions,of which 81%areALU instructions,and19%mem-
ory instructions.93% of the instructionshave dependency
lengthsof either1 or 2 instructions. Thereis a reduction
of 21.5%in the speedupwith 4 ALUs (delay0f 120 TU)
betweenthetwo extremecasesof CM delays.
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2Thespeedupis de�ned astheratioof programexecutiontimesonone
ALU to many ALUs



Figure 1. Speedup with 2 ALUs (delay 20 TU) Figure 2. Speedup with 2 ALUs (delay 120 TU)

Figure 3. Speedup with 3 ALUs (delay 20 TU) Figure 4. Speedup with 3 ALUs (delay 120 TU)

Figure 5. Speedup with 4 ALUs (delay 20 TU) Figure 6. Speedup with 4 ALUs (delay 120 TU)
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Figure 7. Atten uation in Speedup for the Inverse Discrete Cosine Transf orm
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Figure 8. The MAP Datapath


