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1. Introduction

The designof a Systemon a Chip (SoC) is a
challengingtask, and tackled quite differently by
different companies.The problemsinvolved are in
factcommonto mary marketplacesFirst,themarket
requirementsendto be vagueandchangeduringthe
project. With a long designcycle, a systemis often
outdatedby the time it is completed.Second,the
marketplaceis tiered. The hardware and software
requirementgor thehigh endaredifferentfrom those
of thelow end,sodifferentdesignpointsarerequired.
Third, there are tight cost and powver consumption
constraintsLastly, the softwareeffort is greaterthan
the hardware effort, especially becausetraditional
methods use assembly language for the DSP
algorithms.Fromthe CAD perspectie we canclaim
that SoC designis imposingnew constraintson the
tools, without a clear leader tool for SoC design.

Solving thesemultitude of problemsis key for
businessuccessfasterTime to Marketandaflexible
designernvironmentare the key elementso counter
theseproblems.The currentmethodologiesusedin
industry to achieve this successoften take a
consenrative designapproacho minimizerisk. As a
consequencstateof the arttoolsandmethodologies
are not easily adopted. The hardware -software
codesign effort remains difficult and making the
software of the SoC run on the hardware is a long
difficult process.

In orderto tackletheseproblemsin the contet of
DSP intensie SoC designs, we developed the
Catalyst flow, which representsa flow to design
domainspecificinstructionsetprocessor¢DSIP). It
wasextensiely discussedn [5]. Onekey enablerto
thesolutionis the useof aretagetablecompilersuch
as Chess[2], which allows fast analysis of, and
improvementsto, a chosenlSA, followed by a fast
and efficient compilation and simulation of the
chosen taget architecture.

2. Evolutionsof A Voice Processing Module

2.1 A DSIP for Voice Codecs such as G723,
G729, EFR and HR.

To evaluatethe flow we have decidedto designa
VPM (Voice ProcessorModule) testchip for the
applicationdomain of voice coders:the ETSI and
ITU standarcodiesprovide ANSI-C referencecode

Design Automation and Test in Europe (DATE), Paris, 2000

Page 1 of 3

for anumberof popularvoice codecalgorithmssuch
as G723, G729, EFR' and HR? along with
testbenchesto verify the code. Since the given
algorithms have been implemented on various
popular DSP engines they provide a nice test case
and allow for comparisonwith real products.In
addition these algorithms are popular in mary
applicationsandonecaneasilythink of addingthese
algorithms into the system as a IP block that
communicateswith the rest of the systemvia e.g.
memory-mappetD. Theblockthusfits into thework
on IP creation within Motorola SPS.

The Catalystteamexplored several architectures,
usingthemethodologydescribedn [5]. Working ata
high level of designabstraction,we were able to
quickly male such trade-g as:

e variation of the number of registers
(data registers, baseaddressregisters,

)

* numberof read/writeaccesgo the data
memoryand mechanismso accesshe
memory

* bundling of instructions: a dedicated
instructioncanbeaddedo thearchitec-
ture that groups consecutie instruc-
tions into one.

After about 5 months of C profiling and
architectural trade-ofs, we finalized on a first
architecture,LSE (Load Store Engine). Its main
characteristicare depictedin tables1 and 2 below.
We will expandon the meaningof the tablesfurther
on. LSE hasbeenrealizedin silicon, and is fully
functional.

The LSE usesa 16-bitinstructionword anda 16-
bit datapatHexceptfor the 32-bitaccumulator)This
hanard-architecturanachinecan do up to 2 MAC
operations/gcle in parallelwith a 2 operandoadto
feedthe MAC units. Sincethe coreis mainly meant
for DSP algorithms, we support mainly indirect,
indexedandpostincrementaddressingchemesThis
simplification of the addressingschemesplays an
importantrole in hardware designand verification.
The philosoply of the methodologycalls for a move
of the hardware complity towards compiler
compleity; sincethey aredesignedn tandemnthisis

1 Enhanced Full Rate GSM
2-Half rate GSM
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a major adwvantage,since the resulting hardware is
muchsimplerto designandverify, andinterruptsetc
areeasiemdealtwith. Oneexampleof this compleity
move is the existenceof a SW pipelineinsteadof a
HW pipeline: for various reasonsevery load from
data memory gets buffered into an intermediate
register before being routed to the actual data
registers.This 2-cycle mechanismis modeledin the
ISA explicitly, andit is scheduledy the compilet It
is essentiallythe sameasa HW pipeline,exceptthat
thereis someoverheadn the ISA andhencealsoin
codedensityThe 2 MAC units are not symmetrical:
becausef alimited bandwidthto memorywe cannot
alwaysperformtwo MAC operationsand hencewe
decidedto drop this featurein the next evolutions.
Thevoicecodecscannoteasilyexploit it in theirmost
MIPSintensve partsaryhow. TheLSE hasl pipeline
in the instructiondecodestage:onecycle is usedfor
fetch-partial decode of the instruction. This also
meanshata minority of theinstructions(jumpsetc)
executein 2 cycles,sincethemachinestallsonecycle
to get a correct meinstruction.

In orderto testtheflexibility of thetechnologyto
exploit the experiencegyainedfrom the LSE design
andto exploit new featuresof the compiler we have
gonethrough2 moreiterationsat the nMl level. The
firstimprovedversionof LSE, VoIP, tookaboutl man
month to achieve (at the nMI and nDI description
level), andthe G723and G729 codecswereusedas
driving vehicle of the ISA definition, aswell asthe
EFR algorithm. The actual primitive instructionsof
the LSE corewerekeptuntouchedo a large extent,
but the degree of parallelism, the ISA itself, the
numberof registersetc changedAlso, we exploited
new featuresThe performanceresultsare shavn in
the same table, reto the LSE results.

The VolP design uses less registers in total,
partially becaus®f bettersupportin thecompilerfor
larger (32-bit) dataregistersthan the standarddata
typeof thetargetmachinen thecompiler In addition,
it usesa ‘roving pointer’ schemeo accessonstants
andvariableson the stack:we noticedthatthe LSE
neededoo muchopcodespacdo generateonstants.
A new compilerfeatureallowed usto usea constant
memoryto storetheseconstantsandto retrieve them
in apostmodifyway: the CP(constanpointer)points
tothenext constanthatwill beloadedandit changes
by a few digits (part of the instruction)every time a
new loadoccurs.Thisresultsin abettercodedensity
A similar mechanisnis usedto accesssariableson
the stack (Raing pointer RP

-4— Stack Pointer (@p of Stack)
Fixed value within a function

_ Roving Pointer (postmodificatit)
¢ - &~ RP +=small cst

Figurel - Roving Pointer ‘traels’ (roves) through
Stack Memory

Finally we have reiterated on the ISA and
architecturesome more (2 man months), mainly
focussingatimproving the codedensity asthisis key
for alargenumberof embeddedpplicationsWe also
removed the software pipeline instructions: as we
found out thatthe majoraddressingchemecould be
thepostmodificatiorschemetheneedor thepipeline
atthatlevel (critical pathissuesxouldbe movedinto
the addressaccessof the data memory hence
remaoving thecritical pathin the data-reagartof the
memoryaccessTheresultingcore,eclipse canhave
oneor 2 stagesn theinstructiondecodesection,and
we arepreparingt soit canhave ahw pipelinein the
executionunits. This shouldallow thecoretorunin a
200Mhzrangebelav 1.8V in 0.25umtechnologyWe

are also introducing the support of bytes in the core.

2.2 Results

Resultsshaovn belon can still be improved by

Arch Mips Code Size
LSE 25 20KB
VolP 22 18KB
eclipse 19 16KB
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Table 1 Performance Results on EFR codec

adaptinghe C codemoretowardsthearchitectureno
major modifications have been performed on the
actualC code.In addition,we have notyetintroduced
very dedicatednstructionsin our cores:mostcodecs
spend25-30%of their MIPSin 1 or 2 codesegments,
andit is surelypossibleto make a few very dedicated
instructions which improve the MIPS numbers
locally, and seriously This decisionis motivatedby
thefactthatwe wantedto avoid makingan ASIP core
insteadof a DSIP core;this DSIP canbe a basisfor
even more specific solutions.

Also, as compiler and architectureare closely
linked together major improvementscan still be
expected by closely following the compiler
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improvements with the hardware: hardware
pipelining, multiple data-typesupportande.g.inter

function optimizationsin the compiler will have a
positveimpactontheoverallresults. Theostto doso
is not negligeable:the automatedHDL generation
needgo follow theevolutionsin nDI andnMI, andthe
associated synthesis scripts may also feciEd. .

Feature LSE VolP eclipse
Instr. width 16 16 16
Data Wdth 16,32 16,32 16,32,48
Addressing in,id,pi pi,rp,cp| pi,rp,cp
SW Pipeling 1 1 0
IHW pipe 1 1 1-2
EHW pipe 0 0 Oorl
main diff 2 MACs| constant bytes

s
CG 1-3 1-2,cp 1-2,cp
#RF (16-bit)] 40 27 27
cycles/instr 1(2) 1(2) 1(2-3)

Table 2: Main Architectural Characteristics.
in=indirect;id=indexed;pi=post
increment;IHW=InstructionHW; EHW= execution
unit HW;CG=constangeneratiortycles;RF=Rajister
File; cp=constant pointer;rp=ving pointer

3. Conclusions

We believe that, for the application area of
embeddedystem®nsilicon,we have proventhatthe
methodologyworks: the architecturalimprovements
reducetotal systemcosts, reducehardware design
time, easethe effort to port to a new process
technology virtually eliminatethe needfor writing
DSPsoftwarein assemblerandcanenableMotorola
to reactmore quickly to market changesWe also
experiencedthat numerousoptimizations are still
possible,and that this is only the start of a trend
towardsmore DSIP orientedSoC designs However,
the boundariesf the approacharestill understudy
andthe morebusinesgelatedaspectge.g.customer
support) need serious attention. As the Catalyst
project progressesywe will further demonstratehis
newv approach,and aim at corverting it into a
Motorola stratgic asset.
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