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Abstract

Given a plant M4 and a specification M¢, the
largestsolutionof the FSMequationM xy e M4 < Mg
containsall possiblediscrete contollers M. Often
we are interestedin computingthe completesolutions
whosecompositionwith the plant is exactly equivalent
to the specification.Not every solutioncontainedin the
largest one satisfiessud property that holds instead
for the completesolutionsof the seriestopology. We
studythe relation betweenthe solvability of an equa-
tion for the seriestopology and of the corresponding
equationfor the controller’ stopolagy. We establishthat,
if M, is a deterministicFSM, thenthe FSM equation
Mx e M4 < Mg is solvablefor the seriestopolagy
with an unknownhead componentff it is solvablefor
thecontmoller'stopology. Our proofis constructivei.e.,
for a givensolution M of the seriestopology it shows
howto build a solution M, of the contmoller’'stopology
andviceversa.

1 Introduction

Animportantstepin thedesignof complex systemss
the decompositiorof the systeminto a numberof sep-
aratecomponentsvhich interactin somewell-defined
way. In thiscontext, atypical questionis how to designa
componenthatcombinedwith a known partof the sys-
tem, calledthe context, conformsor satisfiesor matches
agivenoverallspecification.This questiorarisesn sev-
eralapplicationgangingfrom logic synthesido the de-
signof discretecontrollers.

In [3] we proposedh generaframebasedn defining
equationsover languagesssociatedo the components
of agivensystem We introducedwo compositioroper
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atorsfor abstractanguagessynchronousomposition,
¢, andparallelcomposition,e, andwe studiedthe most
generakolutionsof thelanguageequationsd ¢ X C '
and A ¢ X C C (C denoteslanguagecontainment),
definingthelanguageoperatorsxieededo expresshem.
In particularwe studiedthe solutionsof the equations
definedover finite statemachines(FSMs) of the type
My ¢ Mx C MgandMy ¢ Mx C Mo, whereM 4
modelsthe context, Mo modelsthe specificationand
Mx is unknovn. We referto [4] for areporton FSM
equationsof thetype M4 o Mx C M andto [2],
Chap.6, for a surwey of previouswork.
TherearevariousFSM compositiontopologiesof in-
terest.For instancethe problemof designinga discrete
controllerthatcontrolsa givendiscreteplantin orderto
matchaspecification(representetly anFSMtoo)yields
the so-calledcontroller’s (or supervisorycontrol) topol-
ogy (see[1] for an introductionto the discretemodel
matchingproblem). A more straightforward intercon-
nectionis the seriestopology where signalsflow uni-
directionallyfrom a headFSM to a tail FSM. Figure 1
shaws a seriestopologyanda controller's topology In
the seriestopology Mx is the unknovn headcompo-
nent,and M 4 is the giventail component;n the con-
troller’s topology Mx is the unknonn controllercom-
ponentand M 4 is thegivenplantcomponent.
Givenaplant M 4 andaspecificationM ¢, thelargest
solutionof theFSMequationM x e M 4 < M contains
all possiblediscretecontrollersM x. Considerthe con-
strainedproblemof practicalinterestM x e M4 = Mg,
where both M4 and My are completedeterministic
FSMs (DFSMs), and the objectie is to find all com-
pleteDFSMswhosecompositionwith M 4 is equivalent
to M (=2 standgfor equivalent). If M 4 is nota Moore
DFSM, the compositionof acompletesolution(whenit
is nota Moore DFSM either)with M 4 mayfail to pro-
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Figure 1. (a) 1-way cascade (or l-way se-
ries) topology; (b) controller’s (or super vi-
sory contr ol) topology .

ducea completeDFSM, i.e., the largestsolution may
containcompleteDFSMswhosecompositionwith A 4
is not a completeDFSM (and so not be equivalentto
M¢). Therefordf thegoalis to selectan‘optimal’ con-
troller, e.g., onewith a minimum numberof states,it
will notbesuficientto find an‘optimal’ reduction(con-
tainedFSM) of the largestsolution,becausehis reduc-
tion maynotbea solutionof the original equation.

Insteadthe equationfor the seriestopology hasthe
propertythatevery completereductionof thelargestso-
lution is a DFSM whosecompositionwith M 4 yieldsa
completeDFSM (dueto the fact thatif two FSMsare
completelyspecifiedthentheir seriescompositionalso
is completelyspecified).Canthis factbe of helpwhen
solving(or modelling)thecontrollerstopology? To an-
swerthe questionwe shouldstudythe relationbetween
thesolvability of anequatiorfor the seriesopologyand
of thecorrespondingquationfor the controller's topol-
ogy.

In this notewe establishthat,if M4 is a determinis-
tic FSM, thenthe FSM equationMx ¢ M4 < Mg is
solvablefor the seriestopologywith an unknowvn head
componeniff it is solvablefor thecontrollerstopology
The non-trivial directionof the proof is going from the
controllerstopologyto theseriesopology Theproofis
basednthefollowing fact: let M p beasolutionfor the
controllerstopology (M p hasinputsI andO andout-
put V), then M composedwvith Mp, is a solutionfor
theseriegopology(Me Mp hasinputl andoutputV).
Indeed,whenaninput i is appliedto suchcomposition
Mgy o Mp Mo produceghereferenceoutputo; when
this pair (i, 0) is appliedto Mp, by constructionMp
producesheinternalsignalv underwhich M 4 produces
the referenceoutputo generatedy M underinput .
The otherdirectionrelieson the factthat a solutionfor
the seriestopology canbe augmentedvith aninessen-
tial input o suchthatits next stateand outputfunctions
donotdependno.

Notice that the theoremof equisohability can be

provedfor thegenerakequationM x e M4 < Mg, with
no restrictionon M¢ (M¢ is a NDFSM), whereasM 4
shouldbea DFSM (or anappropriateestriction).

2 Conclusions

In this notewe establishedhat,if M 4 is adetermin-
istic FSM, thenthe FSM equationMx e M4 < Mg is
solvablefor the seriestopologywith an unknowvn head
componeniff it is solvablefor thecontrollerstopology
Our proofis constructve, i.e., for a givensolution Mg
of the seriestopologyit shovs how to build a solution
Mp of thecontroller'stopologyandviceversa.

A practicalimplicationmightbea procedurdo com-
pute discretecontrollersby solving first a companion
seriestopology equationand then transformingits so-
lutionsto solutionsfor the controllerstopology Notice
thatthelargestsolutionfor theseriesopologymayhave
more statesthan the one for the controller’s topology,
howeverthelatterhasmoreinputs.
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