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Abstract— Extended Finite State Machines (EFSMs) have
been proposedto model control oriented systems. A version of
this, with the data portion modeledby Preshurger arithmetic, has
beenusedin formal verification and testpattern generation. This
paper proposesa generallogic minimization schemeusing don’t
care derived from both control and data path. It consistsof meth-
odsto transfer don't caresthr oughthe data path and to generate
logic don't caresfrom the data path using quantifier-free Pres-
burger inequalities. Potential applications are discussedand pre-
liminary resultsvalidate the schemeon reasonableexamples.

|. INTRODUCTION

Extended-inite StateMachineg EFSMs)have beenstudied
for systemlevel designmodelingandsynthesis.An EFSMis
a systemwith a finite statecontrollerinteractingwith an un-
boundedinteger datapath. Eachtransitionof the controller
is guardedby a predicateover the Booleanand integer vari-
ables,and associatedvith an action function which updates
the new valuesof the integer variables. The earliestwork on
EFSMscanbetracedbackto Glushlov [13], wherehestudied
the theory of digital machinescontrolledby finite automata.
Morerecently EFSMsappearrequently althoughin different
forms andflavors, in variouscontets of VLSI designs,e.g.
verificationandreachabilityanalysisin [10], symbolicmodel
checkingin [8], testingin [9], hardware-softvarecodesignin
the POLIS project[2, 3] andsoftwaresynthesig17].

Often,thepredicatesindactionfunctionsof adesignarede-
finablein Preslirgerarithmetic,a decidablesubsebf thegen-
eral Peanaarithmeticin numbertheory[11], excluding multi-
plication. Preshirgerformulasconsistof naturalnumbercon-
stants naturalnumbervariables addition,equality inequality
and first order logical connectves. Although studiedexten-
sively, they have beenappliedonly recently dueto theintro-
ductionof efficienttoolsto analyzeandcheckfor satisfiability
[21]. In casethe datapath canbe expressedas a Preshirger
formula, a reachabilityanalysiscanbe performedon the ma-
chine. This approachthasbe proposedcandusedin the formal
verification[7, 24].

EFSMscan be derived from high-level specificationsge.g.
synchronousanguageEsterelby compilationinto circuits, or
control-dataflow graphsby schedulingandresourcebinding.
It hasnice propertiesaspurefinite statemachinesvherecer
tain propertiecanbe decidedby reachabilityanalysisandyet
providesa higherabstractiorlevel thatincorporatesoth con-
trol anddatapath. It is becominga popularmodelfor design,
synthesisyerificationandtesting.

In all applications,smallerEFSMs are desiredsince they
correspondo lesscomplex systemsto verify, more compact
codeto be generatedandeasielinterpretatiorof timing spec-
ifications. We focus on the minimizationof the control logic
partsof EFSMs,with the datainformation usedto assistthe
logic minimizationasneeded|n this, we usea structuralrep-
resentatiorwith a multi-valuedlogic network combinedwith
datapathconstructssuchaspredicatesmultiplexersanddata
expressions. The objective of the minimization may be dif-
ferent,dependingon the final implementation.We minimize
the logic representatioin sum-of-productfSOP)and multi-
valueddecisiondiagramgMDD), which aretightly relatedto
theimplementatiorcostwhetherin hardwareor software. Ear
lier work in this topic canbe foundin [20]. The authorsuse
symbolicmanipulationof the datapathto generatelon't cares
for stateandlogic minimization of the finite statecontroller,
whichassumeadifferentdesignmodelandcontect. Themain
contribution of our paperis in computinglogic don't cares
from the Preslirger expressionsand transferringdon’t cares
throughthe datapath.

In Section2, we describeour framework of EFSM mini-
mizationandrelatedresearch.Section3 presentour method
of transferringogic don't careshroughthe datapath. Section
4 discussethedetailof computingogic don't caredrom Pres-
burgerinequalityexpressionsWe give someresultsin Section
5 andconcludein Section6.

Il. METHODOLOGY AND RELATED WORK

To avoid the statespacesxplosion,we useastructurakircuit
representationgalled control-datanetworks, for EFSM mini-
mization. It hascontrol nodesanddatanodesinterconnected
with wires. (We assumesachnodeproducesa single output.)
Thereis a directededgefrom nodei to nodej, if thefunction
atnodej syntacticallydepend®n the outputvariableat node
i. The network hasa setof primary inputsanda setof nodes
designatedas the outputsof the network. The discretestate
spaceof the EFSMis encodednto multi-valuedlatches;the
internalintegervariablesarerepresentetly datalatches.

Thesetof controlvariablesC have finite rangesandthe set
of datavariables?D have unboundedanges:

C : VgeC,ePR={01,...,|IR|—1},|R| e N
D : VdieD,|d|=c

A combinationalnode n; in the network belongto the
following types: (a) Contol: Vv; € input(n;), vi € C and
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Fig. 1. EFSMexample(a) Explicit staterepresentation(h) Structuralrepresentation(c) Specificatiorin BLIF-MV.

output(n;) € C. It containsa multi-valuedlogic function. (b)
Expression:Vv; € input(n;), vi € D orv; € C andout put(n;) €
D. It contains arithmetic computationon data variables
and possibly some control variables. (c) Predicate: Vv, €
input(n;), vi € D or v; € C and output(n;) € C. It con-
tainspredicatdogic on datavariablesandpossiblysomecon-
trol variables.(d) Multiplexer: f = f(ye,Yo,...,Yn-1), Where
Yc € C, and|yc| = n, andy; € D, i € [0,n—1]. Theoutputf is
assignedoy; if yo = 1.

An exampleEFSMfrom [24] is shavn in Figurel. It reads
thex, y coordinateof two pointsanda differencevector, and
checkswhetherthe two pointsare closerthanthe difference.
Its structuralrepresentatiormnd the correspondingspecifica-
tion in BLIF-MV (extensionof [6] with datapath) are also
shawvn. Thestatespaces one-hotencodedisingasinglelatch
variables.

A suiteof optimizationmethoddor multi-valuedlogic min-
imization have beenproposedn MVSIS [12]. In this paper
new optimizationschemeshatincorporatedatapathinforma-
tion areintroduced.We first extendthe CODC computatiorto
considerdifferenttypesof datanodes. This is similar to the
black box approach18], but dealswith morecases.We then
presentmethodgo computdogic don't caresfrom Preshirger
expressions.For the casewherea setof predicatenodesfans
outto the MV logic, the combinationof the predicateshatdo
notoccurareusedasdon’t careso minimizethelogic.

To simplify description,jn the sequelif not specifiedother
wise,we usei nput s to denoteprimaryinputsandthe output
of latchvariableswe useout put s to denoteprimaryoutputs
andtheinputsof latchvariables.

A. RelatedWork

The Polis project [2] usesEFSMs as intermediaterepre-
sentationfor synthesisand optimization. A high-level design
languageike Esterel[5], is interpretedinto a circuit EFSM
representationwhich is subsequentlpptimizedand mapped
into hardware and/orsoftware[3], dependingon systemcon-
straints. Binary Decision Diagrams(BDD) are usedto rep-

resentand optimize the statetransitionlogic, which tendsto
blow up onlargedesigns.The datapathis storedseparatelyn
alook-uptableandis not utilized for optimization.

EFSMis alsousedfor high-level synthesigrom flow graphs.
Theauthordn [14] proposedanarchitecturdor implementing
EFSMsin hardware. The logic minimizationis limited in the
controldomainandno consideratiorior thedata-path.

Preshirgerarithmeticis adoptedn systemmodelingfor its
decidability but thebestknown procedurdor decidinga Pres-
burgerexpressioris triple exponentialin thelengthof the for-
mula[19]. Two approachesxist for manipulatingPreslirger
formulas:automata-basegndpolyhedra-base[24].

Amon et al [1] proposeda methodto simplify Preshirger
expressionsfor symbolic timing verification. Given a set
of quantifierfree Preshirger inequalities, the authorsuse a
heuristicto collect predicatecombinationsthat cant occur
They arethenpresentedasdon’t caresfor a logic minimizer
[23]. Therearetwo basiclimitations: (a) The heuristicexam-
inesthePreslirgerexpressionandincrementallyselectdogic
combinationswith the numberof literals gradually increas-
ing. It is computationallyimpossibleto enumerateall combi-
nations. (b) Eachpotentialcombinationis individually check
by an Preslrgertool, Omega[21], for satisfiability which is
computationallyexpensve.

I1l. TRANSFERRING DON’T CARES THROUGH THE
DATAPATH

Flexibility for logic minimization includes Obsenability
Don’t CareqODCs),SatisfiabilityDon’t Care SDC)andEx-
ternal Don’'t Cares(XDC). This hasbeenusedas a power-
ful mechanismn minimizing multi-level logic networks[22].
Traditional methodsfor compatibleODC (CODC) computa-
tion have beengeneralizedfor multi-valuedlogic networks
[15]. Here we further generalizeit to incorporatedatapath
information.

For a generalcontrol datanetwork, the ODC setis defined



Fig. 2. Multiplexer Example:(a) beforesimplification,(b) aftersimplification

in thedomainof all multi-valuedvariablesin C, i.e.
P= |V0| X |V1| X...X |V|C|_1|,VVi eC

The ODC set for an edgeEj; in a network, is the set of
mintermsin P, that candetermineall outputvalueswithout
Eij. TheODC setfor anoden; is theintersectiorof the ODCs
for all its fanoutedges.

The CODC computationconsistsof traversingthe network
from outputsto inputs,andfor eachnode collectingtheCODC
setcomputedfrom its fanoutedges,andthendistributing the
CODC setto its fanin edgesbasedon the functionality of the
node.

For control nodeswhereinputsandoutputsareall MV vari-
ablesthesamemulti-valuedCODC computatio{15] applies.
For a multiplexer f = f(yc,Yo,...,Yn-1), let CODCs be the
CODC setcomputedfor the output f. It is straightforward
that:

(Ye # 1) UCODC;
CODC;

cong,
cong,,

wherea datainputis notobsenableif de-selectedby the con-
trolling variable.

For a predicateor datanode f = f(y,...,yn), whereall
inputsaredatavariables:

CODC,, = CODCs ,i=1...n

The methodabove doesnot look into the computationinside
adataexpression.This is similar to the “black box” approach
[18], exceptthat the useof multiplexers producesadditional
don't cares.

Controlnodesaresimplifiedusinglogic minimizationpack-
ageslike ESPRESSO-MVExpressionnodesand predicate
nodescannotbenefitfrom the don't caresin the control do-
main ? in our currentmodel.

A multiplexer can be simplified usingits CODC set. Let
Nc(X) : C — P be the functionalmappingfrom C to the do-
main of the controlling variabley. € P.. Givenits CODC set
CODC:;t, let

S= N.(CODCy)

whereSis the setof “care” valuesfor y; throughthe image
computation.Thesetof datainputs{yi|i ¢ S} canberemoved
fromthemultiplexer f, becaus¢hey canneverbeselectedand
hencearenot obsenableatthe outputs.

Figure2 shavs anexampleof the minimizationwith multi-
plexers(wherebold wiresindicatedatavariables). The CODC
setcomputedor nodeML includesthe CODC setpassedrom
nodeM, plusthe setof mintermsthatmake noded selectthe
valuefrom inputw. This CODC setis passedo nodee, and
minimizese into an inverter gate. This cannotbe achieved
throughcorventionallogic simplification.

IV. DON’'T CARE GENERATION FROM PRESBURGER
ARITHMETICS

We usePreshirgerarithmeticto specifythe computationof
datavariables . Herewe considemnly the subsebf Preslirger
without quantifications.Supposewne have a setof Preshirger
predicates{ py,... , pn}, Which aredriven, throughsomedata
computationpy asetof naturalnumbers{uy,... ,un}. Wecan
definePreslirgerdon’t caresin thedomainof {py,...,pn} as
the setof combinationghat do not occur This canbe com-
putedby unifying { pi,. .., Pn} into inequalityexpressionsand
solving a linear algebraicequation(Section4.1). Thisis sent
to thefanoutsof {py, ..., pn} asexternaldon't caresasillus-
tratedin Figure 3.

Example 1 Letpredicates{p1, p2, p3} be:

X<2, 2X4+y>9, y>5

Normalizingthesento greatesthancomparisonsesults:

—X>-2, 2X4+y>9, y>5

Multiply the threeinequalitieswith vector{2,1,—1}. Multi-
plying with a negative constanis definedhereascomplemen-
tationof theinequality i.e. changing> to <. Thisresults:

—2X> -4, 2X+y>9, -—-y>-5

Thesumof thesenequalitiebecome® > 0, whichis impossi-
ble. Sincewe treated—1 ascomplementationthe conclusion
is thatlogic combinationps p2p3z cannever occur, henceis a
don't carefor logic minimization. The goal of this computa-
tion is thereforegeneratingall possiblesuchvectorsthatresult
in animpossibleinequality This canbe achiezed by making
the left handside zero, which meanssolving a setof linear
algebraicequations.The otherdon'’t carefor this exampleis

P1P2ps.

A. ProblemFormulation

Sinceequality formulascanbe corvertedinto inequalities,
we only considerinequalitieshere. Given a set of predi-
catenodes,{p1, P2,--. , Pn}, Expressedasinequalitiesof un-
boundedhaturalnumberswe normalizetheminto the follow-
ing form:

AxDC



Fig. 3. PredicateExample

whereA is thematrix of coeficientswith n rows, x is thevec-

tor of input integer variables,C is the vector of constantso

be comparedagainstand D representthevectorof compara-
tors consistingof only > and>. Eachrow of A represent

predicate We wantto find a vectorA suchthat:

NAx=0 Q)

where M’ is the transposeof vectorA. Thereare two cubes
associateavith eachA: Cp = 152 - Pn, where

pi, if \j >0
=< T, if \j <O
nothing ifAj=0

andCn = p1p2--- Pn.

Definition 1 A setofinequalities, Ax D C, is domainindepen-
dent,iff there is at leastonecompaator that doesnot include
equality

Theorem1 For each A computedby equation(1), the don't
carecube(s)yssociatedvith predicate{ p1, p2, ... , Pn} isDCy:

Cp, if 'C>0
DC, =< Cy, if 'C<O0
Cp,Cn, if N'C = 0anddomainindependent

)

Proof. (Sketch) Thefirst caseresultsin aninequality sumof
theform O > N, whereN is a positive integer; the secondcase
resultsin aninequalitysumof theform 0 < —N. Thelastcase
resultsin 0> 0, which meanghesub-domairboundariespec-
ified by the setof inequalitiesntersectat oneEuclideanpoint.
Howeverthesub-domain$iave nointersectiorbecauseatleast
oneof the sub-domainsloesnotincludethis point. Therefore
thereexistsno Euclideanpointthatsatisfiesall inequalities.Cl

Theorem 2 Equation(2) computeshecompletedon’t care set
for predicates{ p1, p2,- .-, Pn}-

The setof A vectorssatisfyingequation(1) is the setof so-
lutionsto thefollowing:

AN=0

Let the null spaceof A’ have dimensionk and basisvectors
B = [by,by,... ,by], whereeachb; is a n dimensionalvector
ThenA is alinear combinationof vectorsin B. LetA =B-6.
Then:

NC=6'BC

Thereforetheproblembecomesgiventhenull spacéasevec-
torsB andconstantectorC, find all possibledistinctsigncom-
binationsfor theA’s. For eachsuchA, if A'C > 0,Cp isadon't
care;if N'C < 0, C, isadon't care;if N'C =0, bothCp, andC,
aredon't caresif the setof inequalitiesare domainindepen-
dent.

SinceA is afunctionof the 8's, thereal problemis to find a
propersetof 0's.

B. BranchandBound

For the possibleA’s, we only careto find onefor eachdis-
tinct signcombination A signcanonly beoneof three:(-1, 0,
1). In thisapproachye createn branchingpoints,onefor each
Ai. At eachbranchingpoint, we branchon the threepossible
signs;for eachbranch,we usea linear programmingsolver to
testthe existenceof 0's that satisfieghe constraintsijf it suc-
ceedswe continuebranching,otherwisebacktrack. A don't
careis foundif we successfullyjpbranchto aleaf A, andobtain
acompletesignpattern.

GivenB andC, eachh is afunctionof 6, i.e. A\j = F(6). The
setof constraintdo besatisfieds initialized asCongr (8) = 0.
Figure4 shavs the pseudacodefor this procedure.

BnB(i,sign patern)
if (i>n) computedontcaregign pattern);

Constr@) = Constr@) U {Fi(8) = 0};
sign_pattern[i] =0;

if (satisfied(Constf)) BnB(i+1, signpattern);
elsebacktrack();

Constr@) = Constr) U {Fi(8) > 0};
sign_patern[i] =1;

if (satisfied(Constf)) BnB(i+1, signpattern);
elsebacktrack();

Constr@) = Constr@) U {F(8) < 0};
sign_pattern[i] =-1;
if (satisfied(Constf)) BnB(i+1, signpattern);
elsebacktrack();

End

Fig. 4. BranchandBoundpseudacode

Non-orthogonalbranchingon {—1,0,1} producesbetter
binding. Theresultof the branchandboundis a setof don't
carecubes A checkis performedo testif thecurrentsignpat-
ternpathis subsumedby existing don't carecubes.If it is, the



branchings preemptedBranchingon {—1, 1} would produce
asetof pureminterms.

In caseof A'C = 0, we testthe domainindependencerop-
erty by checkingif thereis at leastoneinequality We create
a flag vectorv accordingthe inequality structure:a —1 for >
and<; alfor > and<, asshavn below for Examplel.

> -1
> | =>v=| -1
> -1

Thisflag vectoris array-multipliedby the A vector (Theresult
is alsoa vector wheretheit" elementis the multiplication of
theih elementof bothoperandrectors.)if thereis atleastone
—1in the resultingvector, the inequality setis domaininde-
pendent.This takescareof complementatioffior the negative
entriesin the A vector

In Examplel, we have, asinput, matrix equation:

-1 0 > -2
2 1 |x> 9
0 1 > 5

After computingthe null spaceof A', we obtainthe setof A’s
asalinearcombinationof the null vectorsB:

2
A=BB= 16
-1

For branchandbound we have only two choicedor 61: 61 > 0

and6; < 0. This resultsin two signpatternsfor A: (2,1,—1)

and(—2,—1,1). For bothA’'swehare \C= —-4+9-5=0,

which meansdomainindependenceeedso be checled. We

checkthe array multiplication of v andA, andapparentlythe
resulthasatleastone—1in it. Thereforethedon't carecubes
p1p2P3 andpipzps areobtainedasthefinal result.

Thebranchandboundmethodgeneratethe completesetof
don't careshut mayrequireextensivecomputatioronlargeex-
amplessincealinearconstrainsolveris calledateachbranch-
ing point. As a complementarynethod,we useMonte Carlo
simulationto randomly computea subsetof don't caresfor
large examplesdetailsin [16].

C. SpecialCase

In the timing specificationapplicationsas presentedn [1],
it is mostlikely that the matrix A is unimodular i.e. the el-
ementsof A arefrom the set{—1,0,1}. For suchcaseswe
proposean efficient methodusing multi-valuedlogic, which
effectively avoidssolvingthelinearprogrammingproblemand
yet preseresthe quality of the solution. We presenit with an
examplefoundin [1].

Example 2 Letinputmatrix equationbeasfollows:

a [-1 0 0 01 0] < ( 160 T
b | -1 0o 0o 00 O0| < | -30
c: 1 -1 0 00 0] < 0
d: 0 0 -1 00 0] < 0
e: 0 0 1 -1 0 0] < 0
£ | -1 0 -1 01 0]x< 10
g: 0o 1 0 10 -1| < | -30
h: 0 0 0 -1 0 0] < | —150
i 1 0 0 01 0] < 150
i 0o 1 0 00 -1| < | 180
k: 0 0 1 00 0] < L 150 |

wherex is the vectorof input datavariablesandthe letterson
theleft arethenamesof the predicatdnequalities.

SinceA is unimodular the goal is to computethe setof in-
teger A vectorscomposedf elementfrom {—1,0,1}, which
canreducethematrixto constantero.Let variables{a,... ,k}
representhe elementsn this integervector eachcorrespond-
ing to oneof the 11 rows. Let literal (a°,at,a?) representhe
elementa being(—1,1,0) respectrely, asour encoding.

For eachcolumn,we createasatisfiabilityBooleanformulae
of variables{a, ... ,k}, whoseencodingcorrespondso the A
vectorsthat reducethe columnto 0. For instancethe second
columnproduceghefollowing equation:

f2 _ ngzj2+Clglj2+Cogoj2-l-Cngjl-l-

C0g2j0+c291j0+c2g0j1
Here, a three-alued logic is used. Cube c'g!j? corre-
spondsto a set of minterms: al®L2tpt0L2cll}. .. k{0L2}
Eachminterm corresponddo a A vector one of them being
{0,0,1,0,0,0,1,0,0,0,0}.

If thereare morethanthreenon-zeroelementsn the col-
umn, we needto generateC} = 2 cubesfor eachpair of non-
zeroelementsC2 = 6 cubesfor eachbipartitioningof 4 non-
zeroelementsandC2 = 15 cubesfor eachbipartitioningof 6
non-zercelementsandsoon. Thetotal numberof cubego be
producedn this processs

> (%) (%)
L\n 2k
wheren is the numbernon-zeroelementsn the column. For
instancethe seconccolumncorrespond$o equation:
fs = dlelf2k®+d%P12k2 + dte? fOk? + dO? F1Kk2 +
dle? 2kt + d%e? 12Kk0 4 d2et f1k? + d?e” £ Ok +
d?e! £2K0 + d?e” £2Kk! 4 d2e? F 1kt + d2e? OO +
dret ikt + dO%? OO + dOe! £ 1K0 4+ dte” £ Okt +
d*kPe! 0+ dOktel £t
ProducingheBooleanformulaecantake exponentiaktime. As
areasonablestimatewe considerup to 4 non-zeroentriesin
eachvector
We generatghe equationfor eachcolumn;the intersection

of theseequationgivesall thevectorsin thenull spacehatwe
consider:(Dueto spacdimits, they arenotlistedindividually.)

f1fofafafsfs



As aresult,we obtaina three-waluedfunctionwith 106 cubes.
At thispoint,we only needto careaboutthenon-zercelements
in thevectors.Thereforewe switchfrom three-aluedlogic to
binarylogic, by removing literalswith value2, whichrepresent
the correspondinglemenmnot appearingn the vector

Eachcubein therepresentationorrespondo auniquesign
A signpattern.Recallthateachsign patternhasa correspond-
ing complemensign pattern,asdiscussedor C, andC,. The
last stepis to checkthesesign patternsalongwith their com-
plements on the constantvectorC. For example, with dk,
AC = 150, which is feasible;with d’k’, A\C = —150, which
implies0 < —150andresultsin adon't care.

Out of the 106 cubes,along with their complements21
cubespassthe test. Making the cubesprime andirredundant,
we have the setof don't caresasafinal result:

af'k +a fk+4di+dfi' +d'k +
ehk +€hk+ghj’ +g'h'j

Notethatthis is the samesetof don't caresobtainedin [1] by
repetitvely callingthe Preshirgertool Omega. Yetourmethod
is simpleranddeterministicandwe claimthatthis is the com-
pletedon't caresetfor this example.

V. EXPERIMENTAL RESULTS

Themulti-valuedogic optimizationsandextendeddatapath
don't caresareimplementedn MVSIS [12]. The don't care
computatiorfrom Preslurgerexpressionsreprototypedn the
Matlabsystem.

For experimenton Preslurger examples we apply both the
branchandboundandtheMonte Carlomethodson Example2.
The branchandboundmethodproducesabout600don’t care
cubesafteraround30 minutes. After logic minimizationthey
arereducedo the samedon't caresetaspresentedn Section
4.3. The Monte Carlo methodreturnsa few don'’t carecubes
within a coupleof minutesif we use1000randomvectorsin
thenull space.

In additionalexperiments,we derive EFSMsfrom Esterel
programdor embeddedontrolapplications.They includeau-
tomobilecontrol, processoandmemorycontrol,andthe con-
troller for a Lego MindstormsAcrobot[4]. The Esterelcom-
piler is usedto parsetheinput Esterelprogramandproducean
intermediatedata-flav representatiogalled DC. We translate
the DC formatinto our intermediatenetwork representatiom
BLIF-MV (extensionfrom [6]).

The statisticsof theseexamplesareshowvn in Tablel under
original specification Pl (PO) meansthe numberof primary
inputs (outputs)that are control variables(c) and datavari-
ables(d). Similarly the numberof latchesin controlanddata.
Pred andExpr arethe numberof predicatesandarithmetic
expressionsn the representationTheseare not simplified in
our currentmodelandhenceremainunchanged.

Theresultsof our synthesischemerereportedn thenum-
ber of multiplexers (Mux), multi-valuedcubes(Cubes) and
multi-valuedliterals in the factoredforms (Li t s). Column

si npl i fy reportsthe resultby just applying corventional
logic minimizationandignoring the datapathelements.Col-
umnsi npl i fy-d reportsthe resultswith simplificationus-
ing don't caregproposedn this paper

As shown, thelogic representatiois dramaticallysimplified
ascomparedgainsthe original specification With additional
don't caresthe numberof multiplexersarealsoreducedand
in somecaseghelogic is simplifiedfurther.

Optimizationresultsof the proposedechniquesiepend®on
the target application. In particular the black-boxdon't care
techniquescan be benefitedonly when control and datapor-
tions are tightly interacted,sharinglarge amountof compu-
tation in the transitive fanin cones. The Preshirgerbaseap-
proachrequiresthe predicatenodessharecommon support
datavariables,andthereforeincreasingthe chancesof arith-
metic redundancies. Thesefeaturesare not frequently ob-
senedin the Esterelcontrol applicationghatwe have experi-
mentedwith.

VI. CONCLUSION

A new approachof minimizing EFSMsusing multi-valued
logic and Preslurger expressionss presented.We proposed
methodsto evaluateand utilize multi-valueddon’t caresin a
generakontroldatanetwork ervironment;we proposedneth-
odsto computeogic don't caresfrom Preshirgerexpressions,
which do not invoke ary computationallyexpensve arith-
metic satisfiability checking. Preliminaryresultsare encour
agingin applicationsof Preshirger expressionsimplification
and EFSM minimization. We believe the overall approachis
applicableto problemsin synthesisandformal verificationof
embeddedystems.

In ourexperimentwith EFSMexampleggeneratedrom Es-
terel programs,Preslurger predicatesdo not appearin large
amountsandwith overlappingvariablesupportsets.We need
to study more EFSM applications(for examplein high-level
synthesigrom flow graphs)vherethis paradigndoappeaand
thetechniguesiescribedcanbring significantbenefits.

Futureresearchncludesdevising heuristicsto explore the
solutionspaceof potentialdon't caresfor large Preslurgerex-
amples.Sofarthedon't careis limited in the controldomain
in C. It is possibleto extendthis definitionto the datavariable
domainasintervals of integer values,which can be usedto
simplify dataexpressionsand predicates.This would require
a packagdike omeaga or Shastato do reasoningn aninfinite
space.
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TABLE |
SYNTHESISRESULTS FOR EFSM EXAMPLES DERIVED FROM ESTEREL PROGRAMS

original specification simplify simplify-d
exanple Pl(c/d) PO(c/d) Latch(c/d) Pred Expr | Mux Cubes Lits | Mux Cubes Lits | Mux Cubes Lits
driver 43/42 27122 2/69 41 58 | 118 251 422 | 118 84 185 72 103 170
enginespeed 4/2 4/0 7114 15 24 35 290 373 35 70 110 17 70 134
fuel_ctr 712 2/1 10/4 7 4 14 188 263 14 68 99 8 62 103
fuel_pulse 10/8 4/2 10/8 4 10 14 184 242 14 41 59 10 38 63
instr 3/3 10/3 23/6 6 6 9 247 358 9 116 171 9 116 171
instr_cyc 3/3 10/3 24/6 6 6 9 285 414 9 125 202 9 127 204
legodance 3/0 77 11/27 13 42 66 313 407 66 102 128 38 121 200
mem.ctr 8/6 6/4 21/14 6 18 36 387 529 36 126 194 20 136 226
msd 97 9/8 13/8 10 11 19 310 422 19 107 143 8 88 146
supervisor 12/9 11/9 3/9 4 9 11 121 144 11 25 35 9 26 35
updatepulse 6/5 5/4 16/10 4 14 24 260 342 24 88 114 12 76 130
wheelspeed 4/3 4/0 4/14 13 23 33 209 252 33 21 42 18 27 49
| avermge | | 1 1 1] 1 031 0.34] 065 031 0.37]
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