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Abstract
A silicon compiler, Balsa-c,has beendevelopedfor the automaticsynthesisof
asynchronous,delay-insensitive circuits from the languageBalsa.Balsais derived
from CSPwith similar languageconstructsandasingle-bitgranularitytypesystem.

Balsacompilesto intermediatehandshakecircuitsby anextendedform of thecom-
pilationfunctionusedin theTangramsystem.Thehandshakecircuitsaresubsequently
mappedto CMOSimplementationsof 4-phasebundled-dataasynchronouscircuits
by asuiteof parameterisedcomponent-generatingscriptswithin theCadencedesign
framework.
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1 INTRODUCTION

In the past5 yearstherehasbeena resurgenceof interestin asynchronousdesign
methodologiespromptedby the increasingproblemsencounteredby designersof
synchronoussystemsin theareasof clockskew, EMC,andpowerdissipation.Asyn-
chronoussystemsoffer solutionsto thesedifficultieswhilst alsoprovidingmodularity
(anincreasinglyattractivefeaturewith theemergenceof ‘coreware’products)andthe
opportunityto exploit averagecaseperformance.

Thecredibilityof theasynchronousapproachhasbeenenhancedbywork atPhilips
(vanBerkel, Rem1993)wheretheTangramsilicon compilerhasproduceda DCC
decoderwith substantialpower savingsandby thework of theAMULET groupat
ManchesterUniversity.

In spiteof thenow provenfeasibilityof asynchronoustechniques,theirwidespread
acceptancebythewiderdesigncommunityislikelyimpededbythelackof automated
synthesisor peculiarlyasynchronoussupporttools.A numberof STG basedtools
suchasASSASSIN,PETRIFY,FORCAGEdoexist but theirutility liesmainlyin the
synthesisof relatively smallblocksof control logic. Apart from thetheproprietary
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Tangramsystemof Philips,thereisadearthof high-level toolsavailable.Theabsence
of suchtoolshasbeenkeenlyfelt duringthedevelopmentof theAMULET processors
andhasprompteda numberseparatetool basedprojectsat Manchester(Rainbow
(Barringeret al 1996),Lardandbalsa).

This paperdescribesBalsa,a Tangram-like languagewhich compilesto an inter-
mediatesetof handshakecomponents.Thisdevelopmentarisesfrom previouswork
undertakenaspart of theEU fundedEXACT project(ESPRIT6143)in which the
Tangramtool wasembeddedwithin theCadencedesignsystemto allow interaction
by engineersatboththehandshakelevel andtheflattenednetlistlevel.

2 THE BALSA LANGUAGE

Balsais an imperative languageimplementinga CSP(Hoare1985)like synchron-
isationscheme.CSPregardsa communicationbetweenconcurrentlyexecuting pro-
cessesto besynchronisingactionwhereall participantsmustbewilling to enterinto
thecommunicationbeforeit cantakeplace,in CSPthisinvolvestwonamedprocesses
(oneperforminganinputandtheotheranoutput).Balsaextendsthisprincipletoallow
onetomany communications(onewrite tomany reads)andcommunicationsbetween
portson processesratherthantheCSPnotionof typeconstructors.Thefollowing is
anexampleof a16entryregisterfile with asinglereadandsinglewrite ports:

type word is 16 bits
type reg_sel is 4 bits

procedure register_bank (
input w : word; output r : word;
input rNw : boolean; input sel : reg_sel ) is

local
variable R : array over reg_sel of word
variable rNw_var : boolean
variable sel_var : reg_sel

begin loop
rNw -> rNw_var || sel -> sel_var;
if rNw = true then r <- R[sel_var]

else w -> R[sel_var] end
end end

TheBalsalanguagepossessesthefollowing features:

• One-to-many communicatingchannels,with explicit arbitration
• Staticallycheckedshareddata
• Finegrainparallelism
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3 THE BALSA-C COMPILER

Balsa-cis asinglepasscompilercapableof transforminga valid Balsaprograminto
a network of handshake components.The resultinghandshake componentnetlist
is transformedinto delayinsensitive hardwareusingthe parameterisedcomponent
generatingbackendproducedby theEXACT project.

Handshakecomponentscommunicatesolelyby meansof interconnectingchannels
onwhichdatavalidity/synchronisationis managedby theimpositionof ahandshak-
ing protocol.In thecurrentcompilationsystema4-phasebroadprotocolisemployed
althoughotherprotocols(or indeeda chosenmixtureof protocols)maybeusedin
futurein orderto optimisefor speed/area.

4 CONCLUSION& FURTHERWORK

BalsaandtheBalsa-ccompilerserve to producea directmappingfrom programto
handshakecircuitswith theminimumof transformation.

Futurework involvingBalsawill beconcernedwith theneedtooptimisetheoutput
handshakecomponentnetworksbothindependentof andin respectof aspecifictarget
technology. It isaimedto produceoptimisingmethodologieswhichresultin notonly
smaller, fastercircuitsbut which alsopreserve theattractively directmappingfrom
languageconstructsto targethardware.

Increasingtheexpressiverangeof Balsato improvethesize/speedof unoptimised
outputis alsoanaim.
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