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ABSTRACT
The optimal state minimizationproblemis to selecta re-
ducedstatemachinehaving the bestlogic implementation
over all possiblestatereductionsandencodings.A recent
algorithm, OpTIMIST [3], wasthefirst generalsolutionto
this problem for synchronous=SMs. In this paper we
presenthefirst solutionfor asynchronousSMs.

This papermakestwo contritutions. First, we intro-
duceOPTIMISTA, a new algorithmwhich guaranteespti-
mum 2-level outputlogic for asynchronousSMs.In asyn-
chronousmachinesputputlogic is oftencritical: it usually
determineghe machinelateng. The algorithmis formu-
lated as a binate constraintsatisaction problem,which is
solved usinga binatesolver. The secondcontribution is a
novel alternatve result:theunreducednachindtself canbe
useddirectly to obtainminimum-cardinalityoutputlogic.

Thus, this paperpresentdwo approachesusing Op-
TIMISTA, which simultaneouslyperformsstateand logic
minimization; or using no statereduction(if outputlogic
cardinalityis of soleinterest). Extensiondfor literal opti-
mization,targettedto multi-level logic, arealsoproposed.

1 INTRODUCTION

The tremendousmountof researchn sequentiakynthe-
sis has producedstrongresultsand fast and robust algo-
rithms for individual synthesissteps,such as statemini-
mization,stateassignment2-level logic minimization,and
multi-level transformation. However, the quality of these
results may still be significantly below the global opti-
mum. Specifically theclassicakequentiabynthesigrajec-
tory typically reduceghe problems compleity by decom-
posingit into severaldistinctphasesEachphaseconstitutes
alocal optimizationproblem,separatedby “blinders” from
otherphasesTheresultis thena setof locally-optimalso-
lutionscontributing to a globally sub-optimalprocess.

OpTIMIST [3] was one attemptto addressthis issue
broadly for technology-independ logic synthesis, by
attackingthe problem of optimal state minimization for
incompletely-specifiedynchronous-SM’s. The problem
is definedasselectinghereducednachinghathasthebest
2-level logic implementationover all possiblestatemini-
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mizationsand encodings. To this end, OPTIMIST breaks
with traditionalapproachedyy performingstateminimiza-
tion andstateencodingconcurrentlyusinga powerful new

form of symboliclogic minimization.

In this paper we extendthe OPTIMIST algorithm,pre-
sentingthe first solutionto the optimal stateminimization
problemfor asyntironousmadines.

The papermakes two contritutions. First, we intro-
duce OPTIMISTA, a new algorithmfor optimal statemin-
imization of asynchronou§SMs. Thealgorithmproduces
areducedstatemachinewhich hasminimum-cardinality2-
level hazard-freeutputlogic over all possiblestatereduc-
tions and stateencodings. The methodis formulatedasa
binateconstrainsatishctionproblemwhichis solvedby a
binatesolver[1]. Unlike the original OpPTIMIST algorithm,
which is exact only underan input encodingmodel[11],
the new methodis thefirst truly exactsolutionto the opti-
mal stateminimization problemthatis independenof the
encodingmodel.

“Output-taigettedstateminimization” is especiallyap-
propriatefor asynchronousnachinespecauset addresses
thekey performancg@arameten systemsf asynchronous
machines: output lateng. In an asynchronoussystem,
input-to-outputatengy oftendetermineperformancesince
statechangesarenot boundto a clock period. In practice,
statechange®ftenarenon-critical(seeg.g.,[10]), andcan
safelyproceedn parallelwith the propagatiorandprocess-
ing of outputchanges.

Secondthis paperoffers a novel alternative approach:
the unminimizedmachineitself canalwaysbe usedto ob-
tain exactly minimum-cardinality2-level outputlogic, over
all possibleminimizationsandencodings.Thatis, no state
reductionis necessary This resultindicatesthat statere-
duction can never improve (i.e., decreasep-level output
logic cardinality This alternatve approachs only useful
if the solecostmetricis minimizing logic cardinality(i.e.,
numberof products).Thedravback,unlike OPTIMISTA, is
thatstateswill notbereduced.

Finally, anextensionto OPTIMISTA for literal optimiza-
tion, targettedto multi-level logic, is alsoproposed.



2 BACKGROUND
2.1 Burst-ModeAsyntironousStateMachines
Burst-ModeSpecificationsAn asynchronoustatemachine
allowing multiple-inputchangesanbe specifiedby aform
of statediagram calledaburst-modespecificatiorf13] (see
examplein Figurel). Burst-modespecificationsandvari-
ants,have beenusedfor severalrecentasynchronoudesign
methodq13, 18, 12]. Arcs arelabelledwith possibletran-
sitions, taking the systemfrom one stateto another Each
transitionconsistof a non-emptysetof input changegan
inputburst) anda setof outputchangeganoutputburst). In
a givenstate,whenall the inputsin someinput bursthave
changedralue thesystemgenerateghe correspondingut-
put burstand movesto a new state. Inputswithin a given
inputburstmayarrive in ary orderandatarbitrarytimes.
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Figurel: Exampleburst-modespecification.

Target ImplementationA burst-modespecificatiorcan
be realizedasa Huffman machine[17]. Initially, the ma-
chineis stablein somestate.Inputsin aspecifiednputburst
thenchangevaluein ary orderandat ary time. Through-
out this input burst, the machineoutputsand stateremain
unchanged Whentheinput burstis complete the outputs
changevalue monotonicallyas specified. A statechange
may also occur concurrentlywith the outputchange,and
the machinewill bedrivento a new stablestate. Alterna-
tively, no statechangemay occur(if thedestinatiorstateis
mergedwith the sourcestate after stateminimization). In
eithercasenofurtherinputsmayarrive until themachinds
stable. Thatis, the machineoperatesn fundamentamode
[17].

Figure2 shavs afragmentof the primitive (i.e.,unmin-
imized) flow-table for the burst-modedesignof Figure 1,
highlightinga singlespecifiedransition.A horizontaltran-
sitionis theportionof thetransitioncorrespondingp thein-
put burst. The entry pointis the startinginput column,and

Inputs: LIN,RIN,UIN
Outputs: xy

horizontal (specified input) transition
exit point

‘/'\ ,/— entry point
000 001 011 010 110

S4 ‘ 55,000‘ S4,001‘ S4,001‘ S4,001‘ ‘ ‘

stable points
vertical transition (state change)

o G I I N

Figure2: Horizontalandverticaltransitionsin aflow table

theexit pointis theterminatingnputcolumnof thehorizon-
tal transition. All pointsin the horizontaltransition,exclu-
sive of the exit point, arestablepoints retainingthe same
outputand next-statevaluesasthoseat the entry point. A
vertical transition correspondso the statechangeportion
of thetransition,from anunstablestateto a stablestate.

2.2 TheStateMappingProblem

We assumebasicbackgroundon stateminimization[7, 8,
17]. We now review the statemappingproblem whichalso
canhave animpacton logic optimality.

M 0 1
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Figure3: Statetablebeforeandafterminimization

Givenanincompletely-specifieBSM, a statereduction
oftendefinesa setof compatiblerealizationg16, 6]. In this
case the next-statebehaior of theresultinglSFSM forms
a relation so that different next-statebindingsare possi-
ble [9]. The statemappingproblemis illustratedin Fig-
ure 3, takenfrom [9]. A choiceof next-statein M’ at total
state( 0 s} ) exists;it canbeassignedo eithers(, or s.

2.3 SymbolicHazad-FreelLogic Minimization
Sincewe are concernedwith hazard-fregwo-level mini-
mizationof outputlogic to be performedn a symbolicdo-
main (i.e. givenby aflow table),we briefly summarizere-
sultson multiple-valued-inpu{mvi) hazard-fredogic min-
imization. For moredetails,see[2].

Definition 2.1 (Multiple-v aluedtransition cube)

A multiple-valued transition cubeis a cubewith a start

point and an end point. The multiple-valuedtransition
cube denotedas [A, B], from A to B (in a multi-valued
domain)hasstartpoint A andendpoint B andcontainsall

mintermshat canbereadedduring a transitionfrom A to
B.

A function f whichdoesnotchangemonotonicallydur-
ing aninput transitionis saidto have a functionhazad in
the transition(see[2]). If atransitionhasa function haz-
ard, no multiple-valuedimplementatiorof the function is



guaranteetb avoid a glitch duringthetransition,assuming
arbitrarygateandwire delays.Thereforewe consideronly
transitionswhich arefree of functionhazardqcf. [14]). If
fisfreeof functionhazarddor atransitionfrom input A to
B, animplementatiormay still have alogic hazard dueto
possibledelaysin thelogic realization.

Definition 2.2 (Required and privilegedcubes) Given a

multiple-valuedfunction f, and a set, T', of specified
function-hazad-freemultiple-valuednputtransitionsof f,

everycube[A, B] € T correspondingo a staticl — 1

transition, and every maximalsubcube[4, X| C [A, B]

whee f is 1 and [A,B] € T is a dynamicl — 0 (or

0 — 1) transition,is calleda required cube Furthermog,

everycube[A, B] € T correspondingo a dynamicl — 0

transitionis calleda privileged cube (A dynamic0 — 1

transitionfrom A to B will hereafterbeconsideedasa dy-

namicl — 0 transitionfrom B to A, with corresponding
privilegedcube| B, A] andstartpoint B.)

Definition 2.3 (Multiple-v alued DHF-implicants)
Animplicantillegally intersectsa privileged cubeif it in-
tersectsthe privileged cubebut doesnot containits start
point. A multiple-valued DHF-implicant is an impli-
cant which doesnot intersect any privileged cube of f
illegally. A multiple-valued DHF-prime implicant is
a multiple-valuedDHF-implicant containedin no other
multiple-valuedDHF-implicant.

A hazad-freecoverof function f is acoverof f whose
multi-valuedAND-OR implementations freeof logic haz-
ardsfor a givensetof specifiedinput transitions. Finally,
the two-level mvi hazard-freelogic minimization prob-
lemis to finda minimumcostcover of afunctionusingonly
multiple-valued DHF-prime implicants whereevery re-
quired cubeis covered.

It is well-known that, givenanarbitraryfunction f and
setT of function-hazard-fremputtransitionsahazard-free
cover may not exist [13]. Burst-modesequentialsynthe-
sisalgorithms[13, 18] have a solutionto this problem: by
imposingsufiicient constraintson stateminimization, it is
guaranteethattheresultingBooleanfunctionswill always
haveahazard-freeover[15, 12, 18]. Similarrestrictionon
stateminimizationmustbeaddressetly our new algorithm
aswell.

3 OvVERVIEW OF OPTIMISTA
We now give anoverview of theflow of our new algorithm.
More detailsarepresentedn Sectior4.

First, two setsof covering objectsare generatedrom
the original burst-modespecification. In particular a set
of state compatiblesis generatedusing the classicsyn-
chronouscompatibility relation[6], followed by afiltering
step. Then,anordinarysetof DHF symbolicoutputprime
implicantsis formed. Theseprimesareformedon theunre-
ducedmadine DHF implicantscanbe usedto cover the

reducedmachinebecausef a relationshipbetweenmpli-
cantson the unreducedand reducedmachines. No next-
stateimplicantsare geneated.

Then, binate covering constaints are generatedusing
the given state compatiblesand DHF primes. Covering
constraintssubsumehoseusedin classicstateminimiza-
tion. They fall into four cateyories: classicstatereduc-
tion requirementglik e thosein [6]), statemapping hazard-
free logic covering requirementgor the outputsof the re-
ducedmachineandconstraintgo ensurehe existenceof a
hazard-freémplementatiorfor the next-state.

Thebinateconstaintsare solvedusingScherzd1l], un-
deracostmodelthattamgetslogic cardinality! Theresultis
aclosedstatecover, statemapping,anda selectionof DHF
symbolicprimeshaving minimumcardinalityover all valid
statereductions.

Using the selectedstate compatibles state mappings,
andoutputprimes,a symboliccoveris formed,or “instan-
tiated”, on the reducedmachineusinga so-called‘natural
mapping”. The resultis a hazard-fredogic cover for the
outputsof thereducednachine.

At this point, the methodis complete Thereducedma-
chinecanthenbe passedo a burst-modeoptimal stateas-
signmenttool, suchasCHASM[2], to producean exactly-
minimumecardinalityhazard-fredinaryimplementation.

4 THE OPTIMISTA ALGORITHM

4.1 StateCompatibleGeneation
Thecompatibilityrelationhasanimpactonthe existenceof
hazard-fredogic becausestatemermgescan introduceun-
avoidablelogic hazards. The goal is to identify the set
of compatibleghat, whenused,guaranteehe existenceof
hazard-fredogic. Therearefive conditionsthatimply the
incompatibility of a stateset. The first four relateto the
existenceof a hazard-fredogic cover, andthe last, to the
burst-moderequirementhat eachstablestate(in the un-
minimizedflow table)mustbe mappedo a stablestate(in
thereducedable):

1. No hazard-freecover exists for a horizontal output
transition

2. No hazard-freecover for a vertical outputtransition
(overall possiblestatemappings)

3. No hazard-freeoverexistsfor ahorizontalnext-state
transition(overall possiblestatemappings)

4. No hazard-freecover exists for vertical next-state
transition(overall possiblestatemappings)

5. Somestablestate(unreducednachine)is mappedo
anunstableone(reducedmachine)

Of thefive conditions,OPTIMISTA directly detectonly
oneduringgeneratiorof statecompatiblesthe first condi-
tion. This conditionis readilydetectedvithout overly com-
plicatedanalysis.Thus,we identify a setof restrictionghat
arenecessaryut insufiicient, anduseit to prunethe setof

LAlternatively, literal count may be tamgetted under certain assump-
tions;seeSection6.



compatibles.The remainingconditionsarefoldedinto the
covering constraintq“state mappingincompatibility”), so
asto let the binatesolver do theremaininganalysis.
OPTIMISTA generatestatecompatiblesusingthe stan-
dard synchronouspairwise incompatibility relation, and
prunesheresultingsetusingAlgorithm 1.2

Algorithm 1. Conpatible filtering.
function filter_conpatibles(C) {
C" — C,
for each conpatible ce(C {
for each transition t originating in
unreduced state sec {
for each horizontal required
out put cube r of ¢ {
if there is no DHF prine which
contains r and spans all states in ¢ {
/1 No hazard-free cover for r exists

Ch=C ey } 1} )}

4.2 SymbolidPrimelmplicantGeneation

OPTIMISTA usesordinary DHF output primes, generated
on the unreducedmadine, for symbolichazard-fredogic
minimization.We shaw laterthattheseprimescanbe“nat-
urally mappedontothereducednachineandthattheirim-
ageincludesthe entiresetof DHF primesfor eachreduced
machine.

4.3 BinateConstaint Geneation

Constraint Variables. Thefollowing tabledescribesach
of the decisionvariablesinvolved in the binate covering
constraintsand shaws their assignecdcostin the covering
problem.

var | description | cost
¢; | selectcompatiblec; for the statecover 0
0t,c;,c; | Mapexit pointof transt in reducedstatec; to c; 0
pi | selectDHF primep; for symboliclogic cover 1

State Covering.

This setof constraintensureghat,for eachunreduced
state,somecompatibleis selectedwvhich coversit. These
constraintsare identical to the state covering constraints
in [6].

V unreducedtatess of M
Ciy +Ciy + -+ ¢y,

where{¢;} is thesetof compatibleghatcontains.

StateMapping. This setof constraintensureghatthe
exit point of eachspecifiedtransitionin the reducedma-
chineis state-mappedppropriately This is accomplished
by selectindfor transitiont in c; adestinatiorstates’, = c;
from the setof valid choices. A setof decisionvariables

2This algorithm assumeshe setof DHF output-primeson the unre-
ducedmachinearealreadyavailable. Also, without lossof generality we
only shav theanalysisfor a singleoutput.

{0¢,c..¢, } is associatesvith eachspecifiedransitiont in re-
ducedstatec;, onefor eachvalid statemappingchoicec;
for thattransitions exit point.

Vv compatibles:For ead candidatecompatible/educed
state
c — (St,c,c’l + 5t,c,c’2 ++ 5t,c,c§,b

where {c} are the compatibles which cover
exitPoint(t). The clauseis conditionalon the selectionof
compatibler, sinceonly thendoesthetransitiont in ¢ exist
in thereducedmachine.

State Mapping Coherency. Theseconstraintsensure
thatat mostonestatemappingis selectedor eachreduced
transition. It is necessarybecausehe setof N statemap-
pingchoices{c; } for reducedransitiont in ¢; is “encoded”
in N distinct binary decisionvariables{é; ., ., }. Without
thefollowing constraintsmorethanonemaybe selected.

vV compatibles:For ead candidatecompatible/educed
state
V specifiedransitionst of M suchthatPS(¢) € ¢
V distinctpairsof statemappingvariables
<6t,c,ca,_6t,c,cb) forting;
Ot,e,ca + Otccp Selectat mostone
mappingfor ¢ in ¢

wherePSis the (presentstatein M in which transition
t lies.

Functional Covering. Functionalcoveringconstraints
selecta setof DHF primeswhich form a symbolichazard-
free coveringof theoutputs.

Horizontal Transitions.The requiredcubesfor the out-
puts during horizontaltransitionsare completelydefined,
regardlesof the statemappingchoices.Hence functional
coveringof theserequiredcubescanbe performedwithout
regardto statemapping.

Vv compatibles: For eadh possiblereducedstate
Vspecifiedransitionst of M suchthatPS(t) € ¢
¥ horizontalrequiredcubesr of ¢
¢c—= prtp2t+--+pN

where{p; } is thesetof DHF primeswhicha) contritute
to theoutput,b) containe, andc) containr; M is theunmin-
imizedmachineandPSis the (presentstatein M in which
transitiont lies.

\ertical Transitions.In this case the statemappingse-
lectiondetermineshe actualspanof the verticaltransition.
If thenext-statels mappedinstablytherequiredcubespans
2 statesptherwisejt spansonly 1.



vV compatibles: For each possiblé’r educedstate”
Vspecifiedransitionst of M suchthatPS(t) € ¢
Vstatemappingchoicesd; ¢
V verticalrequiredcubesr of t whenthe
exit pointof ¢ is mappedo ¢’
5t,c,c’ — p1+p2+-+ DN

where{p;} is thesetof DHF primeswhicha) contrikute
to the output,b) spanbothc and¢’, andc) containr.

State Closure. This setof constraintsensureghatthe
selectedetof statecompatiblesalongwith thechoserstate
mappingsjs closed,n theclassicakense.

For each statemappingchoice
If ¢, is chosermasthedestination

V variables); ¢, .,
5t,ca,cb — Cp
state mustselectit aswell

State Mapping Incompatibility . The goal of this set
of constraintss to guaranteghe existenceof a hazard-free
logic implementatiorfor the next-state.

Algorithm 2 below considerghe hazard-freecovering
of horizontalrequired cubeslying in a selectedstate. The
algorithmonly appliesto next-statelogic. (Algorithm 1 al-
readyensureghata hazard-freecover existsfor eachhori-
zontaloutputrequiredcube.)

The algorithm assumesan input encoding formula-
tion [11] for the next-state,a modelusedin mary CAD
algorithms. Eachdistinct next statesymbolis given its
own uniquebinaryvariable,sothat, effectively, next states
are(temporarily)1-hotencodedFor example,a horizontal
transitionfrom (stablestate)S; to anunstablexit stateSs,,
consistf two distinctstatetransitionsfrom 1 = 0 for the
S1 bit, andfrom 0 = 1 for the S, bit. (For details,se€e[5].)

Algorithm 2: 1dentifying i nconpatible
state mappi ngs (horizontal)
identifyHorizontalincompatibilities() // Unopti-
mizedversion
for eachcompatiblec (call it states’) {
for all statemappingf thetransitionsn ¢ {
for eachtransitiont in ¢ {
for eachhorizontalrequiredcuber of ¢ {
I/l Try to coverr
p = /I Startby usingr itself
while p’ illegally intersectsa priv cubeof ¢’ in s’ {
p’ := p’ expandedo containstart(t');
/I OFF-set§’) is definedwrt statemappingof s’
if p’ intersectOFF-sebf s’ {
disallav thismappingset(generate constraint);
continuewith the next statemapping;

PRRRYEE

Thealgorithmproceedsasfollows. First, the outermost
loop selectsa reducedrow (a compatible). Then, every
combinationof statemappingsor all of the specifiedtiran-
sitionsin this row areenumeratedFor eachcombination,
therequiredcubesf eachspecifiedransitionareidentified.
A coveringimplicantis thenformedfor eachrequiredcube,

if possible.Specifically the procedureattemptsto usethe
requiredcubeto cover itself, and expandsit asnecessary
to avoid illegal intersectionswith ary privilegedcubes. If
at ary point the producthits the OFF-set,it is no longer
animplicant. Whenthathappensno hazard-freecover ex-
istsfor thatrequiredcube. In this case,anincompatibility
constraintis generatedvhich outlaws that particularstate
mappingcombination.

A similar but morecomplex algorithmis usedto insure
thateachverticalrequiredcubecanbefeasiblycovered(not
shawvn, dueto spacdimitations);see [5] for details.

4.4 BinateConstaint Solution

Once all constraintsare generated,the constraintsare
solvedby a standardinatesolver. The solutionto the con-
straintsresultsin a selectionof statecompatiblesa selec-
tion of statemappingsfor eachspecifiedtransitionin the
reducedmachine,and a minimum-cardinalityselectionof
DHF outputprimeimplicants.Ourimplementatioruseshe
Scherzesolver[1].

4.5 Instantiation

Symbolic instantiationis the processby which selected
DHF-PI's (formed on the unreducedmachine)are trans-
formed one-forone into a 2-level symbolic cover of

the reducedmachine. Given an output DHF-PI, p =

(IN, PS, OUT), with inputandpresenstatefields, con-
tributing to someoutputs‘OUT”, we define

p’ = Instantiatép) = (IN, PS’, OUT)

Theinput andoutputfieldsareunchangedy instantiation.
The presenstatefield, PS,of the original DHF-PI (formed
in the unreducednachine)will be mappedso asto cover
all selectedcompatiblesvhosestatesare completelycon-
tainedin PS.For example,if PScontains{s1,s3,s5,s6 and
the reducedmachinehad selectedcompatibleqi.e. rows)
{s1,s3, {s3,s53, {sl,s8, and {s4,s3, thenthe DHF-PI
would be instantiatedonly to cover rows whosecompati-
blesit fully contains:{s3,s3 and{s1,s§.

It can be shavn that this natural mappingpreseres
hazard-freedomAlso, for ary DHF-PI formedon the re-
ducedmachine,thereis a correspondingDHF-PI in the
unreducednachinewhich “naturally maps”to it.

5 OPTIMALITY OF THE UNMINIMIZED MACHINE
This sectiondemonstrateaninterestingandusefultheoret-
ical result. A hazard-freeoutputlogic cover on the unre-
ducedmadineitself hasminimumcardinality (i.e., fewest
products)over all possiblestatereductionsandencodings.
A consequencef thisresultis thatstatereductioncannever
further reduceoutputlogic complexity.

Although the unminimizedmachinealways gives the
optimum solution for outputlogic cardinality it doesnot
necessarilydo so undermore practicalcostfunctions. For
example,it is well-known that statereductionoften helps
simplify the next-statelogic.? Thus,the advantageof the

3Thisis of coursetheclassicmotivationfor stateminimization.



OPTIMISTA algorithmin Sectiond is thatcanobtaina solu-
tion which minimizesboth outputlogic andstatecardinal-
ity, whena suitablecostfunctionis used.

We briefly statethe key lemmasandtheorems.For de-
tailed proofs, see[5]. The burdenof the agumentis in
shaving that every prime hazard-freecover of a givenre-
ducedmachineM’ hasa correspondingover for theunre-
ducedmachineM of identical cardinality that mapsonto
it.

Lemmab5.1 To every DHF output prime implicant p’ on
somereducedmadine M’ there correspondsat leastone
DHF outputprime implicantp on unreducedmadine M
which Naturally Mapsontoyp’.

Fromthe above, givenary outputlogic coverII’ for some
reducednachineM’, we canconstructmembetwise,aset
of implicants(call it IT) on M.

Lemmab5.2 11 is a hazad-freeoutputcoverfor M.

Theorem5.1 The unminimizedmadine M possesses
two-level hazad-free output logic cover which has mini-
mumcardinality acrossall possiblestateminimizationsand
encodings.

Proof:  This follows from Lemmab.2, since, for every
hazard-fremutputlogic coverII’ for ary reducednachine
M’, we canconstructa hazard-fremutputcoverfor M of

identicalcardinality O

6 LITERAL OPTIMIZATION
With asmallmodification theabovealgorithmcanbetrans-
formedto arestricted put useful,algorithmfor exactliteral
minimization
Interestingly for each DHF-PI, the number of input
literals is preciselyknown, even thoughtheseDHF-PI's

areformedbeforestateminimizationandstateassignment.

This holds,becausénputsarebinary, sothe columnscov-
eredby a DHF-Plareinvariantundertheinstantiationstep.

The new problemthatis solved exactlyis: Find a state
minimizationwhich resultsin a hazard-freeover of output
logic with fewestinput literals. This problemis important
for asynchronousynthesissincetheinput-to-outputpaths
aretypically critical: non-critical presentstateliterals can
befactoredout,into additionallevelsof logic.

A simple modificationof the above algorithm can be
used:in the binateconstraintmatrix, replacethe unit cost
of eachproductby aweightcorrespondingo thenumberof
inputliteralsit contains.

7 EXPERIMENTAL RESULTS

Tablel summarizeshe experimentakesults.A limited set
of trial runswasperformedtargettedto productminimiza-
tion. OPTIMISTA doesaswell asthe burst-modetool,

MINIMALIST [4, 5], in eachcase put no better This sug-
geststhateitherthereis no roomfor improvementn these
circuits, or that MINIMALIST'S stateminimization hap-
pensto be doing particularlywell. We anticipatethatgains

may comefrom larger designswhich offer more latitude
for optimization. We alsoplanto run comparatie experi-
mentson literal optimization.

8 CONCLUSIONS AND FUTURE WORK
This paperintroducesthe first optimal stateminimization
algorithm for asynchronousstate machines. This new
method preciselytargets output logic, producingexactly
minimum cardinality two-level hazard-freeoutput logic
over all possiblestateminimizations,stateencodingsand
logic minimizations. We alsooutline extensionsto handle
literal optimization. Furtherexperimentsareneededpn a
variety of examplesto seeif betterresultscanbe obtained.
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