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Abstract

A silicon compiler Balsa-c,has beendevelopedfor the automaticsynthesisof
asynchronougjelay-insensitie circuits from the languageBalsa.Balsais derived
from CSPwith similarlanguageonstruct@anda single-bitgranularitytypesystem.

Balsacompilegointermediaténandshak&circuitsby anextendedorm of thecom
pilationfunctionusedn theTangransystemThehandshakcircuitsaresubsequently
mappedio CMOS implementation®f 4-phasebundleddataasynchronousircuits
by a suiteof parameterisedomponenggeneratingcriptswithin the Cadencealesign
framework.
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1 INTRODUCTION

In the past5 yearstherehasbeena resugenceof interestin asynchronouslesign
methodologiegpromptedby the increasingproblemsencounteredy designersof
synchronousystemsn theareaf clock skew, EMC, andpower dissipationAsyn-
chronousystem®ffer solutiongo thesdifficultieswhilst alsoproviding modularity
(anincreasinghattractivefeaturewith theemegenceof ‘coreware’productspndthe
opportunityto exploit averagecaseperformance.

Thecredibility of theasynchronouapproacthasbeenenhancedtby work at Philips
(van Berkel, Rem 1993)wherethe Tangramsilicon compilerhasproduceda DCC
decodewith substantiapower savingsandby the work of the AMULET groupat
Manchestetniversity.

In spiteof thenow provenfeasibilityof asynchronoutechniquesheirwidespread
acceptancbythewiderdesigrcommunityislik elyimpededy thelack of automated
synthesior peculiarlyasynchronousupporttools. A numberof STG basedtools
suchasASSASSINPETRIFY, FORCAGE doexist but their utility liesmainlyin the
synthesif relatively smallblocksof controllogic. Apart from the the proprietary
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2 Compiling the language Balsa to delay insensitive hardware

Tangramsystenof Philips,thereisadearthof high-leveltoolsavailable Theabsence
of suchtoolshasbeerkeenlyfelt duringthedevelopmenof theAMULET processors
and hasprompteda numberseparatdool basedprojectsat Mancheste(Rainbav
(Barringeret al 1996),Lard andbalsa).

This paperdescribeBalsa,a Tangramlik e languagenhich compilesto aninter-
mediatesetof handsha& componentsThis developmentarisesrom previouswork
undertalenaspartof the EU fundedEXACT project(ESPRIT6143)in which the
Tangramtool wasembeddedvithin the Cadencalesignsystemto allow interaction
by engineersit boththehandsha&level andtheflattenednetlistlevel.

2 THEBALSA LANGUAGE

Balsais animperatize languageémplementinga CSP (Hoare1985)like synchron
isationschemeCSPregardsa communicatiorbetweerconcurrentlyexecuting pro-
cesseso be synchronisingactionwhereall participantsnustbewilling to enterinto
thecommunicatiorbeforeit cantake placejn CSPthisinvolvestwo namedorocesses
(oneperforminganinputandtheotheranoutput) Balsaextendshisprincipleto allow
oneto mary communicationfonewrite to mary readspndcommunicationbetween
portson processegtherthanthe CSPnotion of type constructorsThefollowing is
anexampleof a 16 entryregisterfile with a singlereadandsinglewrite ports:

type word is 16 bits
type reg _sel is 4 bits

procedure register_bank (
input w: word; output r : word;
i nput rNw : bool ean; input sel : reg_sel ) is
| oca
variable R : array over reg_sel of word
variabl e rNw var : bool ean
vari abl e sel _var : reg_se
begi n | oop
rNw -> rNw_var || sel -> sel _var;
if rNw=true then r <- R sel _var]
else w-> R sel _var] end
end end

TheBalsalanguaggossesseatefollowing features:

¢ One-to-may communicatinghannelswith explicit arbitration
e  Staticallychecledshareddata
e Finegrainparallelism
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3 THEBALSA-C COMPILER

Balsa-ds a singlepasscompilercapableof transforminga valid Balsaprograminto
a network of handsha& componentsThe resultinghandsha& componentnetlist
is transformednto delayinsensitve hardware usingthe parameterisedomponent
generatindackendproducedy the EXACT project.

Handshak componentsommunicateolelyby meansf interconnectinghannels
onwhich datavalidity/synchronisatioiis managedy theimpositionof a handshak
ing protocol.In thecurrentcompilationsystema 4-phaséroadprotocolis employed
althoughotherprotocols(or indeeda chosemmixture of protocols)may be usedin
futurein orderto optimisefor speed/area.

4 CONCLUSION& FURTHERWORK

Balsaandthe Balsa-ccompilersene to producea directmappingfrom programto
handshag&circuitswith theminimumof transformation.

Futurework involving Balsawill beconcernedvith theneedto optimisetheoutput
handsha&componenhetworksbothindependentf andin respecof aspecifidarget
technologylt is aimedto produceoptimisingmethodologiesvhichresultin notonly
smaller fastercircuits but which alsopresere the attractizely direct mappingfrom
languageconstructgo targethardware.

Increasinghe expressie rangeof Balsato improve thesize/speedf unoptimised
outputis alsoanaim.
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