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1 Intr oduction

This documentdescribesthe codegenerationfeaturein the MVSIS v1.1 release,in-
cludingthedesignflow from high-level specificationsandusageof thecommandssup-
ported.

2 Specifications

Whentargetedfor embeddedsystemapplications,the pureMV logic network is ex-
tendedto have abstractdatavariables.Thesevariablescanbe thoughtof ascarrying
an infinite rangeof values,which in theactualimplementationcanbemappedto any
arbitrarytype. Threeadditionaltypesof nodesaresupportedfor functionsinvolving
datavariables:expressions,multiplexersandpredicates.Theseareclassifiedaccording
to their input andoutputvariablestypes,asshown in Table1. In theexamplesin the
table,a, b, c aremulti-valuedcontrolvariables,andx, y aredatavariables.

A multiplexer is definedas f � f � yc � y0 ��������� yn � 1 	 , whereyc is a MV-variablewith
n values,yi, (i 
�� 0 � n 
 1� ) aredatainputs.Theoutput f is assignedto yi if yc � i. The
datacomputationcontainedin predicatenodesandexpressionnodesarecurrentlymod-
eledasuninterpretedstrings,but they mustbearithmeticasdefinableby thesemantics
of the C language.As a result, thesenodescannotbe reasonedaboutor simulated
insidetheMVSIS environment(only thecontrolnodescan). Thebehavior of theen-
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

Table1: Nodetypesin acontroldatanetwork
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MVSIS supportssequentialMV-networks with multi-valuedlatches,i.e. storage
devicesthatcanholdany of a setof values,andlatchesfor datavariables.

Figure1 showsanexampleof a control-datanetwork with two latches,wherebold
wires indicatedatavariables.Thesenetworkscanbe derivedfrom Esterelprograms,
by thefollowing tool flow (for anEsterelprogramnamedsimple.strl):

% esterel -causal simple.strl
% areaopt simple
% blifsc -ctbl simple.ctbl simple.opt.blif > simple.opt.sc
% scdc simple.opt.sc
% perl dc2mv.pl -p simple.opt.dc > simple.mv

Whereesterel, areaopt, blifsc, scdc aretoolsreleasedwith theEsterel
compiler. esterel is theEsterelcompiler, which takesanEsterelprogram,performs
staticanalysis,andgeneratesa singleextendedfinite statemachine(EFSM)represen-
tation. Multiple modules,if specifiedin the Esterelprogram,will be synchronously
composedinto asingleEFSM,whichis theproductmachineof all modules.Theresult
is anintermediateformatthatconsistsof acontrolportionin BLIF file andadatapor-
tion in actbl file . areaopt is logic optimizationtool extendedfrom SIS[1], which
usesareaminimization algorithmsand latch removal [2]. Thenblifsc combines
theoptimizedcontrolportionandthedatatable,andproducesanintermediateformat
calledsortedcode(SC),which is in turn translatedinto declarativecode(DC [3]) with
scdc.

dc2mv is a Perl-basedparserreleasedwith MVSIS, which convertsthe DC for-
mat into anextendedBLIF-MV format. It worksonly on a subsetof theDC formats
generatedby scdc. Specificallythefollowing featuresin DC arenot supported:

� Packagetables,actiontables,instancetables,nodecalls andactioncalls. It is
assumedthereis onepackagewhichdefinesasetof nodes.Thenodescannotbe
instancesof othernodesdefinedelsewhere. It turnsout thatalmostall DC files
producedby Esterelsatisfiesthisconstraint.

� Structuredtypes(arrayandrecord). With targetapplicationin control systems
andnot dataprocessing,this is not a majorlimitation.

� Caseandwindow statementsfor equ andmemo construct.

� Dynamicvariabledependency. In thedata-flow like specificationin theDC for-
mat,eachdefinitioncanpotentiallybeguardedby thedynamicvalueof acontrol
variable.Thecurrenttool doesnotsupportthis featureandassumesthatall defi-
nitionsareeffectiveat runtime, i.e. guardedby constantone.This is a limitation
for somedesigns,e.g.thewristwatchexampleby G. Berry.

TheDC formatisasharedformatamonganumberof synchronouslanguages,e.g.Lus-
tre,Signal,ArgosandStateChart.ThismakesMVSIS acommonbackendoptimization
andmappingtool for synchronousapplicationsdevelopedwith all theselanguages.
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Figure1: Control-datanetwork

3 SoftwareSynthesis

Thesoftwaresynthesisproblemis, givensuchamulti-level control-datanetwork, gen-
eratean efficient software implementationin C (or target dependentmachinelan-
guage),suchthat appropriateconstraintsare satisfied. Thesemay include resource
constraints,like RAM andROM usages,and timing constraints.This is a mapping
problemfrom a parallel executionmodel, originally targetedfor hardware, to a se-
quentialexecutionmodel,whereall taskssharethesameprocessingunit. Thegoal is
to generatefastsequentialsimulationcodewith constraintson thecodesize.Thismay
beachievedby reducingthetimespentoneachnode,andreducingthetotalnumberof
nodesthathasto be evaluated.Thereforetwo sub-problemsneedto be solved: code
generationfor individual logic functions,andschedulingof nodeexecution,detailedin
theremainderof this section.

Thecodegenerationalgorithmin MVSIS exploreslogic functionevaluationusing
differentlogic representations,basedon multi-valueddecisiondiagrams(MDDs) and
sum-of-products(SOPs). It also exploresthe nodeschedulingproblemwith static,
quasi-staticanddynamicscheduling.

Commandgen c takesanMV network andproducesaC program.Thegenerated
programcontainsa main routinethat generatesrandominput vectors,anda network
evaluationroutinethatsimulatesthenetwork andreturnstheoutputvector. TheC file is
self-containedandis ableto compileby itself acrossdifferentplatformsusingdifferent
compilers.

Following optionsare supportedfor logic function evaluation(theseassumesa
staticschedulingmeaningall nodesareevaluatedin a topologicalorder):

� SOP Usesum-of-productsrepresentationof thelogic functions.An inputminterm
is evaluatedagaineachcubein theSOPtable,by a singleAND instruction[4].
Thereis extra run-timecostassociatedwith aligning the bits of input variables
in aone-hotencodedvector.
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� ZIP Usea compressedversionof the SOP, with priority don’t cares. Seethe
descriptionfor commandcompress below.

� MDD Use an MDD representationand generatebranchingprogramfrom the
internalBDD structure.WhenanMV variableneedsto betested,thebinarybits
that areusedfor internalencodingis tested(similar to a binary searchfor the
MV value).

� ORDER Sameasthe MDD approach,except that dynamicorderingis applied
for eachintermediatenode.

� HYBRID Combinesboth SOPandORDERapproach,andusesSOPequations
for smallnodes(below threeinputs)andORDERapproachfor largenodes.This
is designatedasthedefault option.

In addition to static scheduling,the following two optionsare supported,which
bothusesthedefaulthybridapproachfor functionevaluation.(referto [5] for technical
details)

� Trigger Thetriggerabilityof anodeiscomputedstatically, usingthemaximalob-
servability don’t careset(MODC) computedby commandfullsimp. Nodes
thatarealwaysobservableat theprimaryoutputsarestaticallyscheduled;nodes
thatarepossiblynon-observablearescheduledat run time.

� Event-driven In this approach,all nodesarescheduledat run-time.A bit-vector
is generated,with onebit associatedwith eachnodein the network indicating
whetherthis nodehasbeenevaluatedor not. For someapplications,this gives
superiorperformance.

Commandcompress is usedfor thegenerationof theZIP code.It wasdiscovered
that given an orderingof all outputMV values,the cubesof an i-set canbe usedas
don’t caresto minimized the i-setslower in the order. This is called priority don’t
cares[4]. compress appliesheuristicsfor thepriority orderingof outputvalues,for
all controlnodesin thenetwork, andstoretheminimizedi-setsin a separatestructure.
Theorderingheuristicsaredescribedin [6].

An examplerunof thesynthesisflow startingfrom BLIF-MV specification(assum-
ing anevent-drivenschedulingwith hybridapproachfor functionevaluation):

% mvsis> read_blifmv simple.mv
% mvsis> source mvsis.scriptd
% mvsis> fullsimp -d -s
% mvsis> compress
% mvsis> gen_c -m trigger simple.c

4 Comments

1. For examplesthatcontainexternallydefinedconstants,variablesandprocedures,
thedc2mv parsercanproducethecorrespondingheaderfile to becompiledwith
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thegeneratedC program.Theprocedurethemselvesneedto bedefinedin order
to compilesuccessfully.

2. Futurework of the MDD-basedapproachis to exploreMDD minimizationus-
ing don’t caresandfreevariableordering.Resultshave beenreportedthatsuch
minimization could improve the codequality [7]. Specifically, we could use
the CODC setcomputedby fullsimp to minimize the MDD representation.
Futurework would alsoexploregeneralizedfactoringdiagramsasa new repre-
sentationtunedfor functionalevaluation[5].

3. Thedata-pathrepresentationcouldbeextendedfrom the currentblack-boxap-
proach(uninterpretedstrings) to Presburger arithmetic,as preliminary results
show benefitof usingthismodel[8].

Appendix: ExtendedBLIF-MV

The new BLIF-MV file format acceptedby MVSIS v1.1 extendsthe onedefinedin
MVSIS v1.0manualwith supportfor data-path,asdefinedbelow.

� Abstract data variablesarespecifiedusingthe.n construct:

.n local_time

� Multiplexer nodeassumesthefirst input is anMV variable,whosevaluerange
is at leastthenumberof datainputvariables:

.mv time_zone 3

.n pacific_standard_time

.n beijing_time

.n london_time

.mux time_zone pacific_standard_time beijing_time lon-
don_time -> local_time
0 - - - =pacific_standard_time
1 - - - =beijing_time
2 - - - =london_time

� Expressionnodetakesanun-interpretedstring(containedin doublequotemarks
“”) asinput, which is assumedto conformto the semanticsof the C language,
andproducesa dataoutput.

.data pacific_standard_time -> pacific_daylight_time
"pacific_standard_time + 1"

� Predicatenodeis the sameasan expressionnode,except that the output is a
controlvariable(MV).

.data pacific_standard_time -> at_night
"(pacific_standard_time > 18) && (pacific_standard_time < 6)"
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