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Abstract

Informationhiding is a long establishegrinciple in software engineer
ing. However, in the context of finite statemachinesa contraryprinciple of
information exposurehasbeensuggestedUsing a simple example,we ex-
aminewhy a provenabstractiormechanisnwhich workswell in otherareas
may belesssuccessfulvhenappliedto a finite statemachinemodel.

After using Statechart$3] to specifyan aeronauticahpplication,Levesonet
al. [5, 6] reporta difficulty that arosewith hierarchicalabstraction:Transitions
involving superstatebecamdlifficult to understandvhenthe substateshey ulti-
matelyconnectedvereshavn separatelyn lower level diagrams Fromthis, they
concludethatinformationhiding [7] impairedthe specificatiors understandability
For requirementspecificationsthey recommendnsteadmaximizing“information
exposure.

The problemthat we perceve and describehererelatesneithergenerallyto
requirementspecificatiomor specificallyto Statechartslt is a problemwith ab-
stractionpeculiarto finite statemaching(FSM) models.

To illustrate,we examinehierarchicabbstractiorasusedin StructuredAnaly-
sis, [2], with its equivalentin Real-Time StructuredAnalysis/ StructuredDesign
(RTSASD)I8, 4]. Figurel shavs the generaform of a dataflow diagram(DFD)
asusedin StructuredAnalysis. A datatransformin a DFD is labelledwith anac-
tion describingwhatit does.For example,atransformcalled“Configure Alarms”
mightaccepinputdataflowswhichindicatewhethewariousfaultsarepresenaind
the severitiesassignedo thesefaultsandproducean outputflow indicatingwhich
alarmsshouldbe active. The “how” of a transformis thendescribedat a lower
level, perhapsisinganotheDFD with moretransforms.

Regardlesof the efficagy or otherwiseof thetop-davn approactitself, a data
transformis generallysuitedto this kind of abstractiorsinceit canbe understood
in termsof its function andits inputsandoutputs. The relationshipbetweerndata
transformsand dataflows is one of function and necessity:the function of the
transformis to producethe outputflows; to do thisit needgsheinput flows.

As analogueso datatransformsgcontroltransformsn RTSASDacceptontrol
flow inputsandmay be seenastransformingtheseinto controlflow outputs.Con-
trol flows carryinstantaneousventsandcontroltransformsareultimatelyspecified
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Figurel: Dataflow diagram.

asFSMs (flows which always have a definedvalue arealso possible,asis state-
lesslogic). The eventscausethe FSMsto changestateandto emit further events
(or signals)so that, in commonwith otherapproachesthe overall behaiour is
modelledby a setof communicating=-SMs.

Considera modelof partof the behaiour of a compactdisc player: two con-
trol transformsTray andMode asshawvn in Figure2 alongwith thecorresponding
statetransitiondiagrams.As an exampleof how this operatessupposehat Tray
is ClosedandModeis in statePauseandthe open/closebuttonis pressed.This
causedrayto changeo Openingandemitthesignals_stopto which Modeinstan-
taneouslyresponddy changingto Stop NotealsothatModeis the selectednode
anddoesnotnecessarilyndicatethe currentactiity: If thesystemisin state(Stop
Open andthe play eventoccurs,it changego (Play, Closing — meaningthe CD
will be playedwhenthetray hasfinishedclosing.

For simplicity andto reduceclutter, mostof the transitionsin Figure 2 are
unlabelled Also, theFSMshave no outputs thatis, they don't actuallydo anything
(suchasactivating a motor to closethe tray) otherthan modela very simplified
systemstate. Objectionsmay be raisedto the particularexample,for example, it
mightbebetterin this caseto replaceTray andModewith asingleFSM. However,
in thegenerakaserelatively independenaspect®f behaiour will bemodelledby
separaté&SMswhich aresynchronizedsin this exampleto accounffor remaining
dependencies.

Crucially, however, the control flows betweenthe two control transformsare
really a way of makingthe statesand statetransitionswithin a transformvisible
atits interface. For example,s_closein effect saysthatModeis nolongerin state
Stopandsothetray needdo close.Thisis unlike adatatransformwhich abstracts
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Figure2: Controltransformsandtheir statetransitiondiagrams.



clearlysomeoperatiorondata,or, for example,anobjectencapsulatintheknowl-
edgeof whethersomedataarestoredin anarrayor alinkedlist. Of whatthecontrol
transformattemptsor appeargo hide, it is only the triggersandconditionson the
transitionsthat can,in generalreliably remainhidden. Thus,thoughthe diagram
shawing the control transformsandthe interactionbetweenthemis superficially
similarto adataflow diagramwith datatransformsit differsin thatit cannotfully
beunderstoodisa self-containedevel of abstraction.

To male this clearey imaginethat, in orderto model recordfunctionality a
Recod stateis addedto Mode Also, Tray shouldnot respondto presseof the
open/closéouttonwhenModeis Recod; sincerecordingis a critical operationjt
mustbe stoppedexplicitly by pressinghe stopbutton. Thesimplestway to model
thisis simply to make the Recod statevisible to Tray, for example,by aflag (like
adatastoreon a DFD) writtento by Modeandreadby Tray. An alternatve might
beto “filter” all theopenCloseventsthroughModeandsimply have it relaythem
to Trayin every stateexceptRecod. However, evenwherethe Recod stateis not
directly madevisible, the control flow which modelsthe consequentiependengc
makesno senseunlessyou know thereis sucha state.In a sensethe FSMis the
“what” aswell asthe “how” at the samelevel of abstractionwe cannothide the
latterwithout alsohiding theformer.

Further therelationshipbetweencontroltransformsandthe control flows be-
tweenthemis generallynot oneof functionandnecessitySupposeheflag of the
previous paragraptwereomittedfrom the model— incorrectlyallowing thetray to
be openedevenif ModewasRecod. Unfortunately this omissiondoesnot cause
ary olviousinconsisteng orincompletenesgsheTray transformdoesnotneedthe
flagto operatenoris it thefunctionof theModetransformto write to it. In contrast
to mostsimilar casesn a datatransformmodel,the only effectis a changen the
behaiour in a particularcombinationof stateslf it is inconcevablethatthis error
couldbeoverloolkedit is only becaus¢he exampleusedhereis atrivial one.

Whatever the problems abstractiorstill obviously senesanessentiapurpose
in breakingup a modelwhich could not legibly fit on one screenor one sheetof
paperthusmakingit physicallymanageableHowever, onemayfind thatthe most
effective way to understandandreview suchmodelsis to print out all the sheets
andlay themout on a large deskallowing oneto skip aroundquickly between
levels and FSMs and examineeachpartin the context of the othersto which it
relates.Thus,blind applicationof the so-calledseven plus or minustwo principle
to shav only acognitively manageablehunkof dataat oncewould be misguided.
A large and complex FSM model may be betterregardedas a map, which one
breakauponly for reason®f practicalnecessityThemodelof adigital watchin [3]
providesa goodexample: By usinga singlelarge fold-out pagefor the statechart,
the publishersallowed for a diagramwhich is clearly more comprehensibl¢han
the alternatve of abstractinghe contentsof someof the higherlevel superstates
onto separateliagrams.

Being able to seemore of the model at once may also help to avoid errors
similar to thatinvolving the Recod statein the exampleabove. However, evenif
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onecanseethe stateof separaté&SMsin reasonabl@roximity to eachother this
in itself doesnot entirely solve the problem. To do this, one may systematically
considercombinationof statedn asefficientamanneraspossible/1] In practice,
this is not likely to be a major issueexceptin complex modelswherethereare
mary possibledependenciebetweenthe differentFSMs, suchas may arise,for
example,in certainkindsof interactve systems.

In conclusionwe have seenwhy FSM modelsmayresistabstractiorin away
thatotherkindsof modeldonot. While abstractiomemainsusefulandis frequently
necessarin suchacontet, oneshouldbealertto its consequences orderto best
decidewhetherit is necessargr beneficialin a particularcase.
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