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1 Intr oduction

This documentdescribeghe codegeneratiorfeaturein the MVSIS v1.1 releasejn-
cludingthedesignflow from high-level specificationeindusageof thecommandsup-
ported.

2 Specifications

Whentargetedfor embeddedystemapplicationsthe pure MV logic network is ex-
tendedto have abstracidatavariables. Thesevariablescanbe thoughtof ascarrying
aninfinite rangeof values,whichin the actualimplementatiorcanbe mappedo ary
arbitrarytype. Threeadditionaltypesof nodesare supportedor functionsinvolving
datavariables:expressionsmultiplexersandpredicatesTheseareclassifiedaccording
to their input and outputvariablestypes,asshaovn in Table1. In the examplesin the
table,a, b, c aremulti-valuedcontrolvariablesandx, y aredatavariables.

A multiplexeris definedas f = f(yc, Yo, ---,Yn—1), Wherey. is a MV-variablewith
nvaluesy;, (i € [0,n— 1]) aredatainputs. Theoutputf is assignedo y; if y. =i. The
datacomputatiorcontainedn predicatenodesandexpressiomodesarecurrentlymod-
eledasuninterpretedtrings,but they mustbearithmeticasdefinableby the semantics
of the C language. As a result, thesenodescannotbe reasonecdhboutor simulated
insidethe MVSIS ervironment(only the control nodescan). The behaior of the en-
tire network can be simulatedonly by generatingC programsand then running the
compiledprogramseparately

nodetypes| operation input  output example
control logical MV MV a{0}b{1,2} +a{1}
data| arithmetic data data X +y
multiplexer | assignment MV/data data c{0}x +c{1}y
predicate| predicate data MV X >y

Tablel: Nodetypesin acontroldatanetwork



MVSI S supportssequentiaMV-networks with multi-valuedlatches,i.e. storage
devicesthatcanhold ary of a setof valuesandlatchesfor datavariables.

Figurel shavs anexampleof a control-datanetwork with two latcheswherebold
wiresindicatedatavariables. Thesenetworks canbe derived from Esterelprograms,
by thefollowing tool flow (for an Esterelprogramnamedsimple.strl):

% esterel -causal sinple.strl
% ar eaopt sinple

% blifsc -ctbl sinple.ctbl sinple.opt.blif > sinple.opt.

% scdc sinple.opt.sc
% perl dc2nv.pl -p sinmple.opt.dc > sinple.nv

Whereest erel , areaopt, blifsc, scdc aretoolsreleasedvith theEsterel
compiler est er el istheEsterelcompiler, which takesanEsterelprogram performs
staticanalysisandgeneratesa singleextendedfinite statemaching(EFSM) represen-
tation. Multiple modules,if specifiedin the Esterelprogram,will be synchronously
composednto asingleEFSM,whichis theproductmachineof all modules.Theresult
is anintermediatdormatthatconsistf a controlportionin BLI F file anda datapor-
tioninact bl file. ar eaopt islogic optimizationtool extendedrom SIS[1], which
usesareaminimization algorithmsand latch removal [2]. Thenbl i f sc combines
the optimizedcontrol portion andthe datatable,andproducesanintermediatdormat
calledsortedcode(SC),whichis in turntranslatednto declaratve code(DC [3]) with
scdc.

dc2nv is a Perl-basegarserreleasedvith MVSIS, which corvertsthe DC for-
matinto anextendedBLIF-MV format. It works only on a subsebf the DC formats
generatedy scdc. Specificallythe following featuresn DC arenot supported:

e Packagetables,actiontables,instancetables,nodecalls andactioncalls. It is
assumedhereis onepackageavhich definesa setof nodes.Thenodescannotbe
instancef othernodesdefinedelsavhere. It turnsout thatalmostall DC files
producedoy Esterelsatisfieghis constraint.

e Structuredtypes(arrayandrecord). With targetapplicationin control systems
andnot dataprocessingthis is nota majorlimitation.

e Caseandwindow statement$or equ andnmeno construct.

¢ Dynamicvariabledependeng In thedata-flav lik e specificatiorin the DC for-
mat,eachdefinitioncanpotentiallybe guardedy thedynamicvalueof acontrol
variable.The currenttool doesnot supporthis featureandassumeshatall defi-
nitionsareeffectiveatruntime, i.e. guardeddy constanbne.Thisis alimitation
for somedesignse.g.thewristwatchexampleby G. Berry.

TheDC formatis asharedormatamonganumberof synchronoutanguagese.g.Lus-
tre, Signal, ArgosandStateChartThis makesMVSIS acommonbackendoptimization
andmappingtool for synchronouspplicationsdevelopedwith all theselanguages.
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Figurel: Control-datanetwork

3 Software Synthesis

Thesoftwaresynthesigproblemis, givensucha multi-level control-datanetwork, gen-
eratean efficient software implementationin C (or target dependenmachinelan-
guage),suchthat appropriateconstraintsare satisfied. Thesemay include resource
constraints)ike RAM and ROM usagesandtiming constraints. This is a mapping
problemfrom a parallel executionmodel, originally targetedfor hardware,to a se-
quentialexecutionmodel,whereall taskssharethe sameprocessinginit. Thegoalis
to generatdastsequentiabimulationcodewith constraintonthe codesize. This may
beachiezedby reducingthetime spenton eachnode,andreducingthe total numberof
nodesthat hasto be evaluated. Thereforetwo sub-problemsieedto be solved: code
generatiorfor individuallogic functions,andschedulingof nodeexecution,detailedin
theremainderof this section.

The codegeneratioralgorithmin MVSIS exploreslogic function evaluationusing
differentlogic representationgasedon multi-valueddecisiondiagramgMDDs) and
sum-of-product{SOPs). It also exploresthe node schedulingproblemwith static,
quasi-stati@anddynamicscheduling.

Commandyen_c takesanMV network andproduces C program.Thegenerated
programcontainsa main routine that generatesandominput vectors,anda network
evaluationroutinethatsimulateghenetwork andreturnstheoutputvector TheCfile is
self-containedndis ableto compileby itself acrosdifferentplatformsusingdifferent
compilers.

Following optionsare supportedfor logic function evaluation (theseassumesa
staticschedulingmeaningall nodesareevaluatedn atopologicalorder):

e SOP Usesum-of-productsepresentationf thelogic functions.An inputminterm
is evaluatedagaineachcubein the SOPtable,by a single AND instruction[4].
Thereis extra run-time costassociatedvith aligning the bits of input variables
in aone-hotencodedrector



e ZIP Usea compressedersionof the SOR with priority don't cares. Seethe
descriptionfor commandconpr ess below.

e MDD Use an MDD representatiorand generatebranchingprogramfrom the
internalBDD structure WhenanMV variableneedgo betestedthebinarybits
that are usedfor internalencodingis tested(similar to a binary searchfor the
MV value).

¢ ORDER Sameasthe MDD approachgxceptthat dynamicorderingis applied
for eachintermediatenode.

e HYBRID Combineshoth SOPand ORDER approachand usesSOPequations
for smallnodegbelow threeinputs)andORDERapproacHor largenodes.This
is designatedsthe default option.

In additionto static scheduling the following two optionsare supportedwhich
bothuseghedefaulthybrid approacHor functionevaluation.(referto [5] for technical
details)

e Trigger Thetriggerabilityof anodeis computedstatically usingthemaximalob-
senability don't careset(MODC) computedoy command ul | si np. Nodes
thatarealwaysobsenableatthe primaryoutputsarestaticallyschedulednodes
thatarepossiblynon-obserablearescheduledtruntime.

e Event-driven In this approachall nodesarescheduledt run-time. A bit-vector
is generatedwith onebit associatedvith eachnodein the network indicating
whetherthis nodehasbeenevaluatedor not. For someapplicationsthis gives
superiorperformance.

Commandonpr ess is usedfor thegeneratiorof theZIP code.lIt wasdiscovered
that given an orderingof all outputMV values,the cubesof ani-set canbe usedas
don't caresto minimizedthe i-setslower in the order This is called priority don't
cared4]. conpr ess appliesheuristicsfor the priority orderingof outputvalues for
all controlnodesin the network, andstorethe minimizedi-setsin a separatstructure.
Theorderingheuristicsaredescribedn [6].

An examplerunof thesynthesidlow startingfrom BLIF-MV specification(assum-
ing anevent-drivenschedulingwith hybrid approactor functionevaluation):

% nmvsi s> read_blifnv sinple. nv

% mvsi s> source nvsis.scriptd

% nmvsis> fullsinp -d -s

% mvsi s> conpr ess

% nvsi s> gen_c -mtrigger sinple.c

4 Comments

1. Forexampleghatcontainexternallydefinedconstantsyariablesandprocedures,
thedc2nv parsercanproducehecorrespondindneadefile to becompiledwith



thegeneratedC program.The procedurghemselesneedto be definedin order
to compilesuccessfully

2. Futurework of the MDD-basedapproactis to explore MDD minimizationus-
ing don't caresandfree variableordering. Resultshave beenreportedthat such
minimization could improve the codequality [7]. Specifically we could use
the CODC setcomputedby f ul | si np to minimize the MDD representation.
Futurework would alsoexplore generalizedactoringdiagramsasa new repre-
sentatiortunedfor functionalevaluation[5].

3. Thedata-pathrepresentatiocould be extendedfrom the currentblack-boxap-
proach(uninterpretedstrings)to Preslurger arithmetic, as preliminary results
shav benefitof usingthis model[8].

Appendix: Extended BLIF-MV

The new BLIF-MV file format acceptedhy MVSIS v1.1 extendsthe one definedin
MVSIS v1.0manualwith supportfor data-pathasdefinedbelow.

o Abstract data variablesarespecifiedusingthe. n construct:
.n local tine

e Multiplexer nodeassumeshefirstinputis anMV variable,whosevaluerange
is atleastthe numberof datainputvariables:

.mv tine_zone 3

.n pacific_standard_tine

.n beijing tine

.n london_tine

.mux tinme_zone pacific_standard_tine beijing tinme |on-
don time -> local tine

0 - - - =pacific_standard_tine
1- - - =beijing_tine
2 - - - =london_tine

o Expressionmodetakesanun-interpretedtring(containedn doublequotemarks
“7) asinput, which is assumedo conformto the semanticof the C language,
andproducesadataoutput.

.data pacific_standard_tine -> pacific_daylight_tine
"paci fic_standard_time + 1"

e Predicate nodeis the sameasan expressionnode, exceptthat the outputis a
controlvariable(MV).

.data pacific_standard_tine -> at_night
"(pacific_standard _tine > 18) && (pacific_standard tinme < 6)"
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