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A commondesignmethodologyfor embeddedDSPsystemsis the
integrationof oneor moredigital signalprocessors(DSPs),pro-
grammemory, andASIC circuitry ontoa singleIC. Consequently,
programmemorysize being limited, the criterion for optimality
is that the embeddedsoftware mustbe very dense. We describe
thedevelopmentof anoptimizingcompiler, basedonaretargetable
compiler infrastructure,for the Fujitsu Elixir , a fixed-pointDSP
thatis primarily usedin cellulartelephones.For smallDSPbench-
mark programs(25-90 lines of C code), the averageratio of the
sizeof compiler-generatedcodeto thesizeof hand-writtenassem-
bly codeis 1.18. For a muchlargerprogram(morethan800 lines
of C code),the ratio of the size of compiledcodeto the size of
hand-writtencodeis similar ( 1.14).
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A commondesignmethodologyfor embeddedDSPsystemsis the
integrationof oneor moredigital signal processors (DSPs),pro-
grammemory, andASIC circuitry ontoa singleIC. An immediate
consequenceof this system-on-a-chipdesignis the limited quan-
tity of silicon areathat is dedicatedto programmemory, whose
purposeis to store the embeddedsoftware that executeson the
DSP(s). Thus,the embeddedsoftwaremustbe sufficiently dense
so asto fit within the allocatedarea. Additionally, the embedded
softwaremustbe written so asto meetvarioushigh-performance
constraints,which mayincludehard real-timeconstraints.
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Onemethodthatenablesembeddedsoftwareto begeneratedin an
efficient manneris for thedesignerto programtheapplicationin a
high-level language (HLL), suchasC or 35464 , andallow compiler
technologyto automaticallytranslatetheHLL programinto target
machineassemblycode.Thestructureof abasiccompileris asfol-
lows: the front-endtakesasinput anHLL programandgenerates
an intermediaterepresentation(IR) of this programthat is inde-
pendentof thesourcelanguageandtargetmachine.Theback-end
translatesthe IR into target machineassemblycode. In particu-
lar, the back-endperformsthe phasesof instructionselection, in-

structionscheduling, andregisterallocation, whicharecollectively
known ascodegeneration.

An optimizingcompilerfeaturestwo setsof codeoptimization
modules,in additionto thecomponentsthatweredescribedabove:
machineindependentoptimizationsapplyvariousoptimizingtrans-
formationsto the front-end-generatedIR; machine dependentor
post-passoptimizationsapply variousoptimizing transformations
to thegeneratedassemblycode.

Unfortunately, it is commonknowledgethat existing compil-
ersfor embeddedDSPsaregenerallyunableto generateassembly
codethat is sufficiently dense. It is typical for naive DSP com-
pilers to generateassemblycodewhosesizeis morethan5 times
greaterthanthe sizeof the correspondinghand-writtenassembly
code.Therearetwo reasonsfor this: first , mostexistingembedded
DSPcompilersmake useof traditionalmachine-independentopti-
mizationtechniques,in which theprimary metric is performance,
ratherthancodedensity. In somecasessuchasloopunrollingthese
two metricsarenot closelyassociated.Second, currentembedded
DSPcompilersfail to provide adequatesupportfor thespecialized
architecturalfeaturesof DSPsvia machine-dependentcodeopti-
mizations.Thesefeaturesnot only allow for the fastexecutionof
commonDSPoperations,but alsoallow for thegenerationof dense
assemblycodethatspecifiestheseoperations.

In orderto guaranteethatall codedensityandperformancere-
quirementsaresafelymet,systemdesignerstypicallyhand-program
theembeddedsoftwarein assembly, whichisaverytime-consuming,
tedious,and error-pronetask. In order to increaseproductivity,
compilersmustbe developedthatarecapableof generatinghigh-
qualitycodefor embeddedDSPs.

In thispaper, wediscusshow wehavedeveloped,basedonare-
targetablecompiler infrastructure,a high-qualitycompiler for the
Fujitsu Elixir , a fixed-pointDSP that is primarily usedin cellu-
lar telephones.Includedin thispaperis adescriptionof thevarious
specializedfeaturesof theElixir architecturethatallow for thegen-
erationof denseandefficientassemblycode.Also includedis ade-
scriptionof the machine-dependentcodeoptimizationalgorithms
that we have incorporatedinto our compiler that provide support
for eachof thesefeatures.Experimentalresultsdemonstratethat
for relatively small benchmarkprograms(25-90lines of C code),
theaverageratio of thesizeof thecompiler-generatedcodeto the
sizeof referencehand-writtenassemblycodeis 1.18. For a much
largerprogram(around800linesof C code),theratioof thesizeof
the compiler-generatedcodeto the sizeof hand-writtenassembly
codeis 1.14.

This paperis organizedas follows: Section2 describesthe
SPAM compiler infrastructure,a retargetablecompiler infrastruc-
turefrom whichtheElixir optimizingcompilerhasbeenconstructed;
Section3 describesthe Fujitsu Elixir architecture;Section4 de-
scribesthevariouscodeoptimizationsthathave beenincorporated



into theElixir compiler;Section5 providesquantitative measure-
ments7 pertainingto the quality of codethat is generatedby our
compiler, aswell astheamountof effort thatwasinvolvedin con-
structingthis compiler;finally, we presentour conclusionsin Sec-
tion 6.
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In orderto build the Elixir optimizing compiler, we have utilized
the SPAM compiler infrastructure,which is a retargetablecom-
piler infrastructurefor embeddedfixed-pointDSPs. Most efforts
in retargetablecompilationfor embeddedDSPs(see[6]) have fo-
cusedon a level of retargetabilityknown asuserretargetability. In
a user-retargetablecompilationenvironment,a descriptionof the
targetprocessoris providedto acompiler-compiler, whichfirst de-
terminesthosebuilt-in codeoptimizationalgorithmsthatareappli-
cableto thisprocessor, thenautomaticallyconstructsanoptimizing
compiler for it. User retargetability hasbeensuccessfullyincor-
poratedinto the codegenerationphaseof compilation: the Twig
andIburg [3] codegenerator-generatorstake asinputa description
of the target machineinstructionsetarchitecture (ISA), thenau-
tomaticallyconstructcodegeneratorsthatperform,in linear time,
optimalinstructionselectionfor expressiontrees.

Unfortunately, researchin user-retargetableDSP compilation
hasbeenunableto achieve high codequality in parallelwith au-
tomation– userretargetabilityis currentlylimited to instructionse-
lectionplusa very smallnumberof machine-dependentoptimiza-
tions.Themainreasonfor this is thattherecurrentlydoesnotexist
a machine-descriptionformat that enablesa compiler-compilerto
automaticallyinfer thesetof all post-passcodeoptimizationsthat
areapplicableto thetargetDSParchitecture– theseoptimizations
mustbeperformedin orderfor high-qualitycodeto begenerated.

In contrastto previous works, the SPAM compiler infrastruc-
ture enforcesa level of retargetability known asdeveloperretar-
getability, wherea developeris definedto beapersonwhohashad
experiencein compilerdesign.Built into a developer-retargetable
compilation framework is a library of parameterizedalgorithms
that perform codegenerationand machine-dependentcodeopti-
mization. Thedevelopermayretarget sucha framework to a par-
ticular DSPusingthefollowing methodology:

F first, the developerinfers the setof all post-passcodeopti-
mizationsthat areapplicableto the targetmachineby thor-
oughly studyingthe architecturalcharacteristicsof this ma-
chine.

F second,for eachapplicablepost-passoptimizationO, thede-
veloperdetermineswhetheror notaparameterizedalgorithm
for O exists in thecompilationframework. If suchanalgo-
rithm exists, thenthe developersimply providesit with the
appropriatemachine-specificparameters(it shouldbenoted
thatthespecificationof machine-specificparametersmayin-
volve thedevelopmentof a sizableamountof sourcecode);
otherwise,the developer implementsa parameterizedalgo-
rithm for O, addsthis algorithmto the built-in library, and
thenprovidesthealgorithmwith theappropriateparameters.

F finally, thedeveloperinvokesall applicablecodegeneration
andoptimizationalgorithmsin themosteffectiveorder.

Theeffectivenessof developer-retargetablecompilationis mea-
suredby the amountof codereusethat occursduring the retar-
gettingprocess.In particular, a developer-retargetablecompilation
framework is saidto exhibit sufficient retargetability if the devel-
operis ableto makeuseof asignificantquantityof sourcecodethat
alreadyexistsin theframework.
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Figure1: Structureof theSPAM compilerinfrastructure

The structureof the SPAM compiler infrastructure,which is
publicly availableon theinternetfor researchor developmentpur-
poses,is shown in Figure1 andoutlinedbelow:

TheStanford University IntermediateFormat (SUIF) compiler
[6] implementsthefront-endof theSPAM compiler. SUIFtakesas
inputa sourceprogramwritten in C, andgeneratesanunoptimized
IR.

A seriesof machine-independentscalar optimizationsapply
variouscodedensity-improving transformationsto this IR.

Theback-endof SPAM, which is known asTWIF, consistsof
two components.The first componentis a library of data struc-
turesthatencapsulatethevarioussourceprogramintermediaterep-
resentations(e.g. calling graph, control-flow graphs, expression
DAGsandtrees, etc.). Thesecondcomponentis a library of algo-
rithms thatperformcodegenerationandmachine-dependentcode
optimizationby analyzingandmanipulatingthesedatastructures.
Thesealgorithmscurrentlysupportembeddedfixed-pointDSPswith
limited parallelism.However, we arein theprocessof augmenting
the SPAM infrastructurewith new algorithmsthat will enableit
to provide supportfor other classesof embeddedDSPs,suchas
floating-pointDSPsandVLIW DSPs.
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The Fujitsu Elixir, whosearchitectureis shown in Figure2, is a
proprietaryDSP that is primarily usedin cellular telephones.It
is composedof an efficient 16-bit digital processorcore,program
anddatamemories,andsupportingperipherals.In this section,we
describethe variousarchitecturalfeaturesof the Elixir. We begin
by describingtheregisterset.
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TheElixir architecturefeaturesthefollowing setsof registers:

Two 40-bit accumulators:CXandDX.
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Figure2: FujitsuElixir architecturaloverview

Four 16-bitgeneral-purposedataregisters:A0, A1, B0, andB1.
Eight 16-bit addressregisters,which areusedto indirectly ad-

dressdatamemory:X0, X1, X2, X3, X4, X5, X6, andX7.
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The Elixir architecturefeaturestwo independent4K-word x 16-
bit datamemorybanks,ARAMandBRAM, which enabletwo data
memoryaccessesto occurin parallelprovided that the referenced
variableshave beenallocatedto differentbanks,andthe registers
involvedhavebeenallocatedappropriately.

x�� x �5����	�+0�
�
� � ~«&§�'��+0�
TheElixir ISA supportsthefollowing threeaddressingmodes:Ab-
soluteaddressing, Register-indirect addressing, and Modulo ad-
dressing. In theRegister-indirectaddressingmode,associatedwith
the addressregister file in the Elixir architectureis a specialized
auto-incrementupdatemode,which enablesanaddressregisterto
be post-incrementedor post-decrementedby the constantone at
no extra cost after a register-indirect memoryaccess.The auto-
incrementupdatemodeallows for efficient sequentialaccessingof
datamemory.
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TheElixir ALU featureshardwarethatsupportssingle-cycle16x16
multiplication andmultiply-accumulation(MAC). The ALU also
efficiently performsa rich setof logical andarithmeticoperations.
A significantamountof instruction-level parallelism (ILP) exists
betweenthe ALU anddatamemorybanks. In particular, certain
ALU operationsmaybeperformedconcurrentlywith datamemory
accessoperations.
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The Elixir architecturefeatureszero-overheadlooping hardware
[6], whichis specializedhardwarethatsupportstheefficientexecu-
tion of loopsandalsoallows for thegenerationof denseassembly
codethatspecifiesloopingconstructs.Zero-overheadloopinghard-
wareconsistsof specializedlogic that repeatedlyexecutesoneor
moreinstructionswithout incurringtheloop-index-variable-update
andconditional-branchingoverheadgenerallyassociatedwith soft-
wareimplementedloops.
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In thissection,wediscussthevariouscodeoptimizationalgorithms
that have beenincorporatedinto the Elixir optimizing compiler.
Eachof thesealgorithmsattemptsto reduceoverall codesizeby
providing supportfor oneof the specializedarchitecturalfeatures

describedin theprevioussection.Webeginbydiscussingthepointer
variableoptimization.
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This optimizationexploits theauto-incrementcapabilityof thead-
dressregistersin theElixir architectureby translatingeachpointer
variableaccesswith post-incrementin the sourceprograminto a
register-indirectmemoryaccesswith auto-incrementin theassem-
bly program.It is assumedby this optimizationthatanunlimited
numberof addressregistersareavailable– hence,eachuseof reg-
isterindirectioninvolvesasymbolic, ratherthanaphysical, address
register.
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This optimizationexploits the specializedzero-overheadlooping
hardware in the Elixir architectureby transforminglooping con-
structssuchthatthey executeon this hardware.Specifically, given
a loopingconstructin which theiterationcountis staticallyknown
and the loop index variable is usedas a counteronly, this opti-
mizationinsertsanappropriateloop hardware-controllinginstruc-
tion prior to theloop body(this instructionis eithera REPor DO,
dependingonwhetherthebodyis comprisedof asingleinstruction
or multiple instructions,respectively).
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This phaseallocatesthe local programvariablesto registers,as-
suming that an unlimited numberof registersare available. In
particular, eachreferencein the sourceprogramof a non-pointer
(pointer)localvariableis replacedby asymbolicdata(address)reg-
isterreference,asopposedto a directdatamemoryreference.It is
the goal of the subsequentregisterassignmentphaseto mapeach
symbolicdata(address)registerontoaphysicaldata(address)reg-
ister, while keepingto aminimumthenumberof symbolicregisters
thatneedto bestoredin memory.
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The heuristic for performingcodecompaction,employed in the
Elixir compiler, is the list schedulinglocal compactionalgorithm
[4], which performscodecompactionwithin basic block bound-
aries.List schedulingschedulestwo memoryaccessesinto a long
instructionword provided that no datadependenciesareviolated.
Additionally, an ALU operationO is scheduledwith datamem-
ory accessesprovided that no datadependenciesareviolatedand
it is permissiblefor O to executein parallelwith datamemoryac-
cesses.TheElixir compilerperformscompactionbefore variables
have beenallocatedto memorybanksandsymbolicregistershave
beenassignedto physicalregisters. If the compilerwere to per-
form compactionaftermemorybankallocationandregisterassign-
ment,thenthequality of thecompactedcodecouldsuffer (dueto
thestringentmemorybankallocationandregisterassignmentcon-
straintsthat are imposedon compactedinstructionsby the Elixir
ISA).
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In orderfor an instructioncontainingtwo memoryaccessesto be
legally specified,thereferencedvariablesmustbeallocatedto dif-
ferentmemorybanks,andthesymbolicregistersinvolvedmustbe
appropriatelyassignedto physicalregisters.Otherwise,theparal-
lel memoryaccessesmustbedecomposedinto two sequentialac-
cesses.Thegoalof thememorybankallocationphaseis to intelli-
gentlyallocatevariablesto memorybanksARAM andBRAM such



thata minimum numberof parallelmemoryaccessesareillegally
specified.
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Theobjective of thesymbolicdataregisterassignmentphaseis to
assigneachsymbolicdataregisterto aphysicaldataregister, while
keepingto a minimumthenumberof symbolicregistersthatneed
to be spilled to (i.e. storedin) datamemory. The Elixir compiler
makes useof the graphcoloring heuristic that was proposedby
Briggsetal. [2].
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The moduloaddressingcodeoptimizationattemptsto exploit the
specializedmoduloaddressingmodein the Elixir ISA, which al-
lows for the implementationof circulardatabuffers. In particular,
this optimizationsearchesthe codefor non-arithmeticusesof the
modulo operator, replaceseachsuchuseby a modulo-addressed
memoryaccess,andinsertsat the appropriatelocationsassembly
instructionsthatdefinea circularbuffer.
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Given a sequenceof arrayaccesseswithin a loop, thearrayindex
allocationoptimization[1] utilizestheauto-incrementcapabilityof
the addressregistersin order to efficiently walk throughthe ele-
mentsof thearrays.Thisalgorithmis basedonfindingaminimum-
cardinality disjoint path covering of an acyclic indexing graph,
which conveys the distancebetweeneachpair of arrayindicesin
the loop. Additionally, this algorithmassumestheexistenceof an
unlimitednumberof addressregisters.
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Given a compactedinstructioncontainingtwo datamemoryac-
cesses,the compilermustemploy register-indirect addressingfor
eachaccess.Givenan instructioncontaininga singlememoryac-
cess,thecompilermayemploy eitherabsoluteor indirectaddress-
ing. However, sinceeachuseof absoluteaddressingin the Elixir
ISA incursa one-word penalty(an additionalinstructionword is
requiredto encodethe absoluteaddress),the compiler references
all local variablesusingtheregister-indirectaddressingmode.

Now, in orderfor amemorylocationto beindirectlyaddressed,
theremustexist anaddressregisterthatpointsto this location.One
methodof ensuringthat suchan addressregisterexists is to per-
form addressarithmeticon anaddressregister– in theElixir ISA,
addressarithmeticis implementedby eitherloadinganaddressreg-
isterwith thedesiredaddress,or by addinganoffset to anaddress
register. However, notethattheauto-incrementupdatemodeallows
for efficient sequentialaccessingof memory. Consequently, in-
steadof generatingexpensive addressarithmeticinstructionsprior
to eachindirect memoryaccess,the compiler could intelligently
order thelocalvariableswithin thetwo datamemorybanksandal-
low addressarithmeticto besubsumedinto cheaperauto-increment
arithmetic.Determiningsuchanintelligentvariableorderingis the
goalof theOffsetAssignment(OA) problem[5].

TheOA algorithmemployedby theElixir compileroperateson
an intraproceduralbasis,so it is not ableto determinetheoptimal
memory location for eachglobal variable. Hence,the compiler
referencesall globalvariablesusingtheabsoluteaddressingmode.
Furthermore,thealgorithmassumestheexistenceof anunlimited
numberof addressregisters.

Size Size CodeSize
Benchmark (Hand) (Compiled) Ratio
hup 17 20 1.18
yhaten 28 36 1.29
kncal 36 38 1.06
dt pow 148 176 1.19

Table1: Comparisonof Elixir compiledcodewith referencecode
(smallbenchmarks)
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This phaseis analogousto the symbolicdataregisterassignment
phase,exceptthatthegraphcoloringprocessis appliedto thesym-
bolic addressregistersin theassemblycode.

² {�}"(�+�	E� &§+ � ����)Ä,6+1�T��) ���
In thissection,wepresenttwo setsof experimentalresults.Thefirst
setof resultspertainsto thequalityof codethatis generatedby the
Elixir optimizingcompiler. Thesecondsetquantitatively describes
the amountof developereffort that was involved in constructing
this compiler.
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It is not uncommonfor naive DSPcompilersto generateassem-
bly codewhosesize is more than 5 times greaterthan the size
of thecorrespondinghand-writtenassemblycode. In orderto de-
terminethe quality of codegeneratedby the SPAM-basedElixir
compiler, we obtainedtwo setsof DSPbenchmarkprograms.The
first setof benchmarksis comprisedof four hand-writtenassembly-
codedprogramsthatform partof a largeFujitsucellulartelephone
application. Associatedwith eachof theseprogramsis an algo-
rithmic descriptionof theprogram,which we have translatedinto
semantically-equivalentCsourcecode– thesizeof thissourcecode
rangesfrom 25 to 90 lines(excludingcomments).Thesecondset
of benchmarksis comprisedof the large G721andG729speech
encoding/decodingapplications.TheG721benchmarkconsistsof
approximately800 linesof C sourcecode,while theG729bench-
markconsistsof approximately10,000linesof C sourcecode.

Table1 presentsresultspertainingto the quality of codethat
is generatedby theElixir compilerfor thefirst setof benchmarks.
Basedon theseresults,it canbeseenthat theaverageratio of the
sizeof thecompiler-generatedcodeto thesizeof thecorrespond-
ing hand-writtencodeis 1.18,which is significantly lessthanthe
codesizeratio that is typically associatedwith naive DSPcompil-
ers. A closeanalysisof the compiler-generatedandhand-written
coderevealedthatthereweretwo primaryreasonsfor thecompiled
codeoverhead. First, the Elixir compiler did not perform code
compactionwithin loopsas efficiently as the assemblyprogram-
mer. Second,thecompiledcodecontainedmoreaddressarithmetic
instructionsthanthehand-writtencode.

In Table 2, experimentalresultsare presentedthat pertainto
thequality of codethat is generatedby theElixir compilerfor the
G721andG729benchmarks.Table2 demonstratesthat theElixir
compiler generatedgood-qualitycodefor the G721program. In
particular, the ratio of the sizeof the G721compiledcodeto the
sizeof thecorrespondinghand-writtencodeis 1.14,which is also
muchlessthanthe codesizeratio typically associatedwith naive
DSPcompilers.Althoughhand-writtencodeis notyetavailablefor
G729,we estimatethat thesizeof this code(in instructionwords)
will be approximatelytwo times the sizeof the correspondingC
sourcecode.Thus,wepredictthattheratioof thesizeof compiler-
generatedcodeto thesizeof hand-writtencodefor thedecoderand



Bench CodeSz CodeSz CodeSz Compile
mark C / Hand Compiled Ratio Time

G721 800/ 2,300 2,615 1.14 1 min.
G729dec 4,000/ - 11,915 - 25 min.
G729cod 6,000/ - 24,562 - 1 hr.

Table2: Comparisonof Elixir compiledcodewith referencecode
(largebenchmarks)

CodeSize(lines of code) Reuse
DSP Total Reused Algo Struc Rate
C25 24,100 14,800 5,600 9,200 61.4%
56K 27,400 17,400 8,200 9,200 63.5%
Elixir 29,150 17,400 8,200 9,200 59.7%

Table3: Codereusemeasurements

codercomponentsof G729will be approximately1.49 and2.05,
respectively.

As shown in Table2, it shouldbepointedoutthatona200MHz
SunMicrosystemsSPARC20with 128MBof RAM compilationof
G721requiredapproximately1 minute;andcompilationof thede-
coderandcodercomponentsof G729 requiredapproximately25
minutesand1 hourrespectively.
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As partof our researchin developer-retargetableDSPcompilation,
we have usedthe SPAM compilerinfrastructureto build optimiz-
ing compilersfor two otherfixed-pointDSPsbesidesthe Fujitsu
Elixir, namelythe Texas InstrumentsTMS320C25, andMotorola
DSP56000[6] (which will subsequentlybe referredto astheC25
and56K, respectively). Theeffectivenessof developer-retargetable
compilationis measuredby the amountof codereusethat occurs
during the retargettingprocess.With respectto theSPAM infras-
tructure,we definereusablesourcecodeto encompassthebuilt-in
optimizationalgorithmsanddatastructuresin theTWIF back-end.
Furthermore,we characterizethe useof built-in sourcecodein a
particularcompilerasan instanceof codereuseif andonly if this
sourcecodeis utilized in at leastoneothercompiler.

Table3 presentsmeasurementsthatquantitatively describethe
amountof codereusethatoccurredduring theconstructionof the
threeoptimizingDSPcompilers.Thistableisorganizedasfollows:
the threeDSPsare listed in the first column; the secondcolumn
specifiesthe total size (in lines of code)of the sourcecodethat
implementsthe correspondingcompiler– thesenumbersonly in-
cludesourcecodethatformspartof TWIF, aswell asany machine-
specificsourcecodethathasbeenwrittenby thedeveloper(e.g.for
purposesof specifyingmachine-specificparameters);thethird col-
umnspecifiesthe total size(in linesof code)of all sourcecodein
thecompilerthatwasreused(i.e. codethatwasemployedin atleast
oneothercompiler);thenext two columnsspecifythetotal size(in
linesof code)of thereusedcodethatrepresentsbuilt-in algorithms
anddatastructures,respectively; thefinal columnspecifiestheper-
centageof sourcecodein eachcompilerthatwasreused.

Table 3 demonstratesthat a significantamountof codereuse
occurredduring the retargettingof theSPAM infrastructureto the
threefixed-pointDSPs– the averagepercentageof sourcecode
in eachcompiler that is utilized in at leastoneothercompiler is
61.5%. This high rateof codereusemaybeattributedto two fac-
tors. First, the entire datastructureslibrary in TWIF is utilized
in eachcompiler. Second,many of thebuilt-in optimizationalgo-
rithmsin TWIF areutilized acrossmultiple compilers.

Anothermetric thatquantitatively describestheamountof de-

velopereffort involvedduringthecompiler-constructionprocessis
overall developmenttime – on average,approximately100 hours
were spentdeveloping eachcompiler. However, we believe that
overall developmenttime is an inappropriatemetric for developer
effort for thefollowing reason:sincemostdeveloperswill initially
have little familiarity with the SPAM infrastructure,thesedevel-
operswill mostlikely initially requireconsiderablymorethan100
hoursto developa compiler. We believe thatoverall codereuseis
amuchbettermetricfor developereffort, sinceit is independentof
thedeveloper’s familiarity with theSPAM infrastructure.
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We have describedthedevelopmentof a high-qualitycompilerfor
the Elixir DSP. This compiler is built on top of the SPAM com-
piler infrastructure,which is a developer-retargetablecompilation
framework for embeddedfixed-pointDSPs. Most work in retar-
getableDSPcompilationhasfocusedontheautomaticconstruction
of optimizing compilersfrom a given target machinedescription;
however, due to the extremedifficulty in automaticallyinferring
thesetof all post-passoptimizationsthatareapplicableto thetar-
getmachine,theseworkssuffer in termsof thequalityof codethat
is generated.In contrast,the developer-retargetablecompilation
methodologyenablesawiderangeof post-passoptimizationsto be
supportedin a retargetablemanner, althoughsomedevelopereffort
is generallyrequired.

Experimentalresultsdemonstratethat our compilergenerates
good-qualitycodefor avarietyof DSPbenchmarkprograms.Specif-
ically, for a groupof smallprograms,theaverageratio of thesize
of compiledcodeto the sizeof hand-writtencodeis 1.18; for the
largerprogramG721,theaverageratioof thesizeof compiledcode
to thesizeof hand-writtencodeis 1.14;andalthoughhand-written
codefor the G729applicationis currentlyunavailable,we expect
the ratio of the sizeof compiledcodeto the sizeof hand-written
codefor the decoderandcodercomponentsto be approximately
1.49and2.05,respectively.
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