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Exeautive Summary

Critical sysems,suchassafdy-critical andsecuity-critical sysems,requre thehighestlevels
of enghneerirg assuance. The achiezementof suchhigh levels of assuancemustbe basedon
the adtion of the mostrigorous available analysistechriques The mostsoghisticatedassurace
techriguesmale useof formal languageswith strictly-defined semanitcs and are referred to as
formal method. international stardards(for example UK Defene Standads 00-55 [L3] and 00-
56 [14]; ITSEC]3]; andDef(AUST) Standad 5679 [1]) mandag the rigorous analysis of sydem
desighsthrough the appication of formal methodgechriques Thus,thereis a clearneedfor tool
support which will fadlitate suc analysesthroughthe various stage of the desgn process.

Thetoal for DesignOrientedVerificationandEvaluaion (DOVE), wasdeveloped by the De-
fence Scienceand Technobgy Organisation (DSTO) in Australa to meetthis chdlenge It pro-
videsa simple,but powerful, meansof apdying formal modeling andverificaion tecmiques to
thedesig of safety andsecuity-critical sysems.TheDOVE tool is unuswal amongformal meth-
odstoolsin thatthe overriding aim hasbeento provide aminimalist approachto the applicationof
formal method. In othe words,it will aid the different participant of the design processwithout
significantdisruption of their stardardpradice. Broadly spe&ing, it is expededthatthe userswill
fall into threerelaed catayories: systen despners, who have expettise in particular appication
domairs and wish to usethe tool to modeland explore systens of interest; evaluators, with a
geneal, ratherthandetadled, understamling of the apdication and proof structure who mustbe
corvincedof the sourdnes of thedesgn (e.g.,by animaton) andproofs (e.g.,by replay) without
congructing ary themsebes; andverifiers, who have expertise in the useof the prover, but not
necesarily of agivenappication.

The DOVE toadl hasthreemain comporents: a graph editor, for constucting statemachire
diagrams;ananimata, for exploring symbdic execuion of themachine;anda prover, for verify-
ing critical properties of themachine. This sepaation providesa degreeof flexibility in thedesign
processwhichis essenal whendealing with large-scaleengireeringproblems.

DOVE adots the ubiquitous statemachire asits basc desigy model Statemachires are
familiar to mostdesig orientedprofessions particularly in the engneerirg andcompuer science
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fields. They arean effective meansof communicding systemdesgnsto a variety of peoge and
areeasyto representandto manipubtewith agraphcal userinterface.

This manua is written at three differert levels. At onelevel it providesan analysis of the
probdem of tool support for formal desgn, andthe formalisation of statemachinemodelling of
critical systens. Below this is a straightforward introduction to the useof the DOVE toadl, largely
“tutorial” in nature basel around a specfic examplestatemachine It allows the reade quickly
to getinto experimentingwith statemachinedesign. The lowestlevel providesa morecomplee
desciption of the DOVE tool andsomeof its finer points to be usedmoreasa referance soure
or asbackgound for theinteresteduse.
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Glossary

Thefollowing is a glossary of techrical termsthat areusedin this UserManual. Most of the
termsaredefinad in a DOVE-specificcontext.
Action: A progran which chargesthe valuesof astatemadine’s heapvariables

Axiom: A propasition whichis trueapriori in a giventheoty — it makesup partof the definttion
of thetheory.

Behaviour: A sequaceof configurations exhibited duringanexecuion of a state madine

Configuration: The values of all of the observable attributes of a statemadine, including the
contol state, thelast transiion, andthe memory

Discharging a subgoal: Proving thata subgpal is a theoremthrough the apdication of a single
tactic.

Formal design: Expressingthe statemachiein thechosenformal language.

Formal language A languagewhich hasstrict rules of grammarand unambigious semantts.
DOVE hasformal languagesfor descibing statemadines andtheir properties.

Formal proof. A procedirefor derving atheaem using only the axiomsandinferencerules of
atheay.

Goal: Theoriginal proposition to be proved

Guard: A Boolean condtion in the state madine memorywhich deteminesif a transtion is
enabed.

Heapvariable: A namedcomporent of a state madine’s memoryde<ribing attributesdeter-
minedby themachine

Inferencerule: A function for derving new theaemsfrom knowntheaemsin agiventheoty. In
Isakelle all inferencerules belorg to the Pure theory.

Input variable: A namedcomporentof a statemadine’s memorywhich descibesthe erviron-
mentwhich the state madine obsrvesor makesuseof during computdion.

Lemma: A theoremwhich is only constuctedto be usedin the proof of anotter (more“impor-
tant’) theorem

Memory: Thecollection of a statemadiine' s heapandinput varialdes.

Proof state Thelist of currently unproved sulgoals at a given stage in the prodf constuction.
Thesubgalsarealwayscongructed suchthatif they canbeprovedto betheoemsthenthe
original goal of the prod is alsoatheorem A proof is complet whenall the sulgoalshave
beendischarged

Proof tool (Automatic): Computersoftwarewhichattemptdo congructaformalproof of agiven
proposition.

XV
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Proof tool (Interactive): Computersoftwarewhich helps a humanoperabr to constuctaformal
proof of agiven proposition.

Property: A statemat descibing a colledion of possble behavious of a state madine. In
DOVE, propetiesareexpressedin tempoal logic. Thetermpropertyis overloadedto also
referto the propaosition thatthe behavours of a statemadiine satisfy a property.

Proposition: A truth valued statementin aformal language.
State: A nodein astatemadine’s control graph.

Statemachine: A modelof computdion in which the contrd logic is descibed (and depided)
asagrarh in which the nodes descibe the possble control statesandthe arcsdescibe the
allowedtransitions for eachstate DOVE statemadinesareaugmemedwith amemory

Subgoal: A propositionwhich apparsasanintermediat stepin the prod of agod.

Tactic: A program usedto transbrm the curren proof state The new proof stateintroducedby
the tactic is alwaysonefrom which the previous proof statecanbe logically inferred; that
is. the previous sulgoalscanbe congructed from the new sulgoalsandexisting theoems
using the inferencerules. A tactic is neither atheoremnor aninferencerule, but will make
useof theoremsandinferencerules Generaly atactic will work by trangorming a single
subgpal, but this is not mandaobry.

Temporal logic: A formd language for expressingthe properties of statemadines Mechalisms
are provided for testirg both the current configuration and pastconfgurations aswell as
the ordeing of events

Temporal sequent: A formal mechaism for statihg propositions abou the behaviour of a state
madine. A sequat corsistsof alist of hypothesisproperties andatarget property, written
in theform

H1,..,Hn |-T

It states the proposition thatif the state madine satisfiesthe hypahess properties it also
satidiesthetarget propety.

Theorem: A proposition which canbe derived from the axiomsof a theoty using the inference
rules. In particular, the axiomsthemslves are theorems The Isabdle proof tool hasa
resevedtype called thm, andonly axiomsandthe resuts of inference rules have this type.
This ensurs theintegrity of the Isalelle reasming sysem.

Theory: A collection of formal objeds andthe axiomswhich descibe their meanirg. Isakelle
alsomaintans a datalaseof theoremsthathave beenprovedin atheay.

Theory file: A file contaning a programwhich Isabéle usesto congructatheay.

Transition: An arcin astate madine’s control graph andits assotatedguard andaction
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Chapter 1

Intr oduction

Broadly spealing, it is expeded that DOVE userswill fall into three related categories system
designers, who have expertisein paricular applicationdomainsandwish to usethetool to model
andexplore sysemsof interest; evaluaors, with a geneal, rathe thandetdled, undestandng of

the applicationand proof structure,who mustbe corvinced of the soundahessof the design(e.g.,
by animatian) andproofs (e.g.,by repay) without construcing ary themséves;andverifiers, who

have expettisein the useof the prover, but notneessaily of agivenapplication

The benefitsto these uses from using DOVE areflexibili ty, clarity, and easeef-use. These
derive from theundelying desig of thetool, aswill bediscussedn detal below. Themainpoints,
briefly, are:

e DOVE clealy sepaatesthe actvities of desgn modelling, desigh animation and design
verificaion. This providesa degree of flexibili ty in the designprocesswhich is essetial
whendealng with large-scaleengneering probems.

e DOVE adoyis the ubiquitous stat machineasits basicdesgn model. Statemachiresare
familiar to mostdesig oriented professions patticularly in the engireeringand compute
sciencefields. They areaneffective meansof communicéing sysemdespnsto avariety of
peope andareeasyto repregntandto manipuate with a graphical userinterface

e DOVE providesanintelligent grgphicalinterfacewhich emphassesboth simplicity of use,
andautomagdsupport for desgnandanalyss actwvities. This providesprodictivity bendits
to boththe novice andthe experienced user

It is alsoimportant to notethat the useof stae machiresredwcesthe training effort required to
startmakingeffective useof the DOVE tool.

1.1 Readingthis report asa user manual

As ause manua] this repat is written at two differentlevels. At onelevel it is a straightfor-
wardintroduction to theuseof the DOVE tool, largely “tutorial” in natuie, basedarourd a spedfic
examplestat machine It allows thereade quickly to getinto experimenting with statemachire
design. Theother level providesa morecompletedesciption of the DOVE tool andsomeof its



DSTO-TR-B49

finer points. It is expectedthatthis latter thread would be used moreasa referencesource or as
baclgrourd for the interesteduser As mary reades prefersimply to download a tool anduseit,
this sectbn providesa guideto theintroductay andtutorial asgectsof the manual

Firstly, thereade maywantto pemusetheremaincer of this introducion, atleastto gainconfi-
dence with the definitionsandmeanirgs of the various conceptsin the design process.For a brief
overviewof DOVE’simplemenation of statemachires,it is highly desirdle to readChapte?2. It
conentraeson an example andis fairly “hands-on”, giving the readera firm graspof whatthe
tool is abaut.

Thereade shodd thenhave a quick look at Chapte 3, particularly Section3.1, which rapdly
discuss the necesary preliminariesto setthg up a DOVE sessbn. Moreover, the preambleto
Section3.2 hasa usefu discussionof “good practice” in file managemet while usingthetool.

After these preliminariesthereaderwill beableto attemptthe“tutorial sesions”, which appea
asthelastsectonsin theremainirg chagers;specfically, Sectiors4.5, 5.4, 6.3 7.4and7.5. Most
of thesecan be followed “blindly”, but it is expeded that reference to earier materialin those
chapgerswill beusell during the sessios. The lasttutorials, Sectiors7.4 and7.5, aresomevhat
harde in thatthe prod stratey is incorpordedin the discussion

1.2 Designassurarce

DOVE is primaiily atool for producinghigh assuancesysemdesgns. Therea®nfor pladng
suchahigh importanceon thelevel of desgn assuraceof a system is that experiencehasshovn
thatit is in this pha® that extra assuanceefforts can have the mosteffect. Designerras are
relatively easyandinexpensve to correct if detet¢ed during the actuad designphase, but when
left undeectedthroughto later stagesof the developmentcanbecomedifficult and expersive to
eradcate. In the extremecas, a design error canleadto the completewastageof all subgquen
developmentefforts. It is alsosignificantly easer to deted¢ errars in the desgn pha, becaise
desighsshoud besmall,elegart, andeasyto undestand As with mostarea of humanendewvour,
themoretime spentin planring andprepaation, the smootter the execution.

The desgn assuanceprocess,as emboded in the DOVE sysem, covers a range of issues
which areworth discussirg at this point.

1.2.1 Modelling

Modelling is the activity of discovering a simpledesciption of somereal-world systen. De-
sign modeling providesincreasedunderstanling of, and confiderce in, a desgn. Dependig on
the degree of accuray requred, modek may vary in soplistication from simple diagrams, to
scalel physial models to complex mathemaital objeds.

1.2.2 Animation

Animation is the processof exercidng a designmodelto observe its behaviou. Animation
may be usedto deteminethe accuacgy of amodelor elseto detemine the fithessfor-purpos of
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adesign. Themetha of animatihg a modelis dependenton theform of themodel Scalemodebk
aregeneally testal physially, while mathematal modelsmay be suljectedto formal reasoing
or to compuer simulaion.

1.2.3 Verification

Verification is the activity of direct mathematial or logicd proof thata modelmeetscertain
critical requremens. Verification may be eithe rigorous— that is, demorstratel by arguments
thatarecorvincing to humanevaluators— or elseformal, thatis, demorstratel by aggumentsthat
have beenor areamen#le to beingchecked by computes. Although it canbe expensve to carty
out, desgn verification can be a very effective way of providing desgn assuance,aswell as
discoveringdesgn flaws.

1.2.4 Reviewsand Checks

Reviews and checls aredesgn analysis activities carried out by externd parties. Subjeding
a despn to the scruiny of an objedive (or at leastmore objective) obsever canaddgreaty to
confidencein theadeqacy andcorrectnessof adesign

1.2.5 Stakeholders

Designassuanceactvities caninvolve a numbe of parties, with widely differing roles and
capalilitie s. Systemdesighersaregeneally expertsin the application domainof the sygem, but
they may, in consequ@ce, have a narrowrangeof mathematal andlogical compéencies. Veri-
fierswill befamiliarwith arangeof very geneal mathematal andlogical techniques,but maynot
pos®ssthespecfic skills necesary for sucessfuldesig in aparicular applicationdomain.Eval-
uatoss and certifiersreview the development processfor compliancewith appopriate standrds
andbestpractice. Although evaluaors may not have detailed knowledgeof eitherthe appication
domainor formal prod techniques, it is the evaluatorsthat the desgn asswanceactwvities must
corvince.

1.3 The DOVE approach

An important facta in promding morewidespeaduseof formal methalsin designassurace
is the provision of tool suppat. The DOVE system providestoolsfor constucting, preseting and
reasming abaut formal desgn-mockls. Thedesgn anddevelopmentof DOVE hasbeeninformed
by three bast beliefs, outlined below aboutthe provision of tool support for the application of
formal method.

1.3.1 Useof graphical interfaces

The provision of a powerful graphical use interfaceis critical to the suaessfu applcation of
formal methodsto large-scée desighs. The power of a tool’s userinterface shoul not be sea
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simply in termsof providing an attrective display and easyto-usepoint-and-dick contol of tool
functionality. It is importart thatthe interfaceshauld alsoprovide a powerful visual metaghor for
the desgn modelbeing andysed. A suitable visual metapho makes the appication of the tool
more intuitive and providesvital feedlack whenusingthe tool. Suchan interfaceentancesthe
appel of the tool for novice users redicesthe effort required to achiewe basiccompeengy, and
makesformal modeling lesserrorprone

1.3.2 Useof existing designstrategies

It is important that formal methals tools shauld not simply provide a powerful interfaceto
formal modeling andanalsis techriques They shoul alsointegratewell with existing design
method. Fromavery pragnaticpoint of view, thisis desrable becaiseit facilitatesaccetanceof
thetool amongsthoseinvolvedin thedesign process.However, evenfrom a pure design point of
view it hastheadwantageof allowingthetool to bemodesin scqoe. It allows thetoadl to betightly
focusedonthejob of providing suitableforma analsissupport, without theneedto addresswider
methodlogicalisstes.

1.3.3 Useof genericsoftware components

As deqcted in Figure 1.1, the DOVE protatype hasprimarily beenbuilt using three exist-
ing tools andor languages: the Tcl/Tk script language[6], the functional programminglanguage
ML [7], andthe interective theolem-prozing systen Isatelle [2]. The userinterfacecomporent
andthegraphical repregntaton of the statemachineareimplementedin Tcl andTk. Theprocess
communi@tion language,Exped [5], is usal to implemernt commurication betwee Tcl/Tk and
ML. All parsirg of userinputis carried diredly in Isabdle, while prodfs are carried out using
Xlsabele [2], agraphcal front-endto Isabdle.

1.4 Statemachine design

The statemadine is a widely usedsysem despn model,forming an important comporent
of mary existing desigh processesanddesigh support tools. Statemachires provide a powerful,
flexible modelof compuation They areableto treata wide rangeof design issues at corveniert
levels of abstra&tion. They arereadly amenal® to the appication of powerful automaed tools,
suchassiliconcompilers[10], aswell asformal andysis tecmiques. Furthemore,whenrendered
in the form of transition grapts, statemachires provide an important desgn visualisaion tool,
ableto communicée effectively to awide rangeof stakeholders.

The DOVE sysemadmtsthe statemachire asthe basicmodelof systen desgn. This hasthe
dual benefitsof providing a bast desgn modelwhich is easily rendeed graphcally andwhich
allows the DOVE tool to bereadly integratedinto existing desig pracices.

Themainfeatuwesof DOVE stake machiresaredispayedin Figurel.2 Thediagmampresnts
a DOVE modelof the operation of a setof traffic lights at a north-southieast-wesroadjunction,
andwe may notesomegeneal features.
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Figure 1.1: DOVE processedlock diagram

e Eachstatemachinehasa numbe of attributesor variables(seeSectior?.1) usel to recod
information for future compuations andto communcate with the ervironment. For ex-
ample,in the traffic-lights statemachire, the variable NLight records the colou currently
despayedby the northfacingtraffic light.

¢ In DOVE thecontol logic of a systan is modelled by its statétransition graph Thegraph
conssts of a numbe of statenodes, representd as circles and a numbe of trarsitions
betwee statesrepresentd asline vectors

e Eachstatenode representsa decison point in the behaiour of the statemachire. The
trarsitions out of eachnode repregntthe possble next actionsin eachstae. For example
in theAllRed statethetraffic-lights statemachne mayeither perform the EWChangeGreen
trarsition andgo to the stateEWGreen or elseperform the NSChangeGreen transtion and
goto the stateNSGreen.

Thetraffic lights examplewill be usedextensvely throughou this manud andappearsin full in
Appendx A.
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Figure 1.2: DOVE statemadine structure

The DOVE systen providesthreebasiccomponatsfor treaing statemachire designs.

1.4.1 The editor

The stak machire editor providesan intelligent, graphical ervironmert dedicatedto the con
strudion of statemachire designs. Thetranstion graph of a statemachireis constuctedby laying
outnodesandedgeson agrid using simplepoint-and<lick opeations Elementf thegraphmay
also be moved araund, modified, or deletal using corventional mousebasel commarmls. The
editor usesintelligentgraphlayou algaithmsto provide avisually pleasng andreadily compre
hengble rendeing of thetranstion gragph. Thelogical relationshps betwveentransition edgesand
statenodesaremaintanedautomatcally during modificaion.

Thegraphcal rencering of the statemachineproducedby the editar providesavital aid to the
compréhensio andanalysis of the desigh. An importent featureis the editar’s ability to geneate
high-resoltion rendeings suiteble for pregentaton to a wide rangeof staleholdes. The on-
scre@ rendeimg is alsousal extensively to inform thedesign-anaysisactvitiesof theotherDOVE
comporents.
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1.4.2 The animator

DOVE provides symbolic animatbn featuresthat cangive incressedconfidencein a desig.
A DOVE animatbn is a 'what-if’ style experiment on the stae machine which investigats the
way in which the stae machineevolvesin a given situdgion. Eachanimatian expetiment con
sistsof perfaming a sequ@éceof trarsitions from someinitial configuration of the state machire.
Animationthussenesasaform of rigorousdesignvalidation

The animatian proces is performed by manipulating the transtion gragh rendeed by the
editor. An initi al situationis instaled by interactingwith the graphandthe desied execution path
is determired by mousebasedpoint-and-click operdions. The animabr determiresthe resut of
the chosenexpeliment, interactively updating the display to reflectthe resuls of ead execution
step.

1.4.3 The prover

The mostpowerful aspect of the DOVE tool is its ability to formally verify the propertiesof
statemachire desigrs. The aim of verificaion is to demongrate logicdly that a statemachire
desiqn satsfiesa given colledion of requrements Eachrequrementis expressedin a formal
language, specifically designedto support the desciption of the behaioura properties of stae
machires. The prover comporent providesa powerful ervironmern for propasing, proving, and
maintaning the conssteny of theseproperties.

An importantaspectof the DOVE proof processis thevisual feedtackthatis offered. Thetran
sition graphis usedextensvely asa way of informing the useraboutthe curent proof state. The
prod itsdf is alsopresetedin a graphical modewhich supprts powerful high-level navigation
andmanipuation features.
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Chapter 2

DOVE statemachines

The stae machire is a modelof compuation. The cortrol flow of the modelis determired by a
graphin which the nodes representdecison points andthe linking transtions reprentthe cor-
respanding allowedchoices. Experierce hasshavn that statemachne diagramsare an effective
meansof preseiting systemdesgnsto a wide range of audiences.Tracingpossibbe contrd paths
by following transtionsfrom aninitial stak to a final stateis a natuial andintuitive way of com-
prehending a desgn. If states andtranstions aregiven properly evocdive namesthereader can
quickly gainastrongintuition aboutthe purpcseandintendedbehaviour of astatemachire desiqn.

For example consder the statemachinediagram for the traffic-lights examplerepresentd in
Figure2.1(seeApperdix A for moredetals). It is relatively straghtforwardto determire thebastc
behaviouof thesystam justfrom looking atthediagram. Computaiton beginsby performingsome
initialisation action then progesse to the A11Red state. From here,eithe the E/W or the N/S
lights cancycle through green to amberto red, at which point the system is backin the A11Red
state

Unfortunately astatemachinediagramis along way from being amachire-execuablespeifi-
cation of sysembehaiour. Moreover, even‘properly evocatve’ namesanbemisleadng to some
reades. For exampk, in the traffic-light diagram, there is no way of detemining from the gragh
anddesciption above exactly whathappensduring initialisation — or evenof being absdutely sure
thatthe N/S lights are not affectedby the EWChangeGreen transtion. In orderto addessthes
probems, DOVE augmets the statemachire mechansm with programmingfeatuesthat have
well-defined,formal semanits. In this way, the statemachine diagjam canbe madeto sene asan
invaluableaid to comprelensian within a high-asswancedespn process.

This chaper presntsa brief introduction to theway in which DOVE augmerts the concept of
statemachhnediagramsandthewayin whichthisis used to provide assuraceof critical properties
of statemachnes.Although the materal in this chaperis presentedin aninformal way, it shoutd
beremembeedthatin the DOVE tool these concetsareformalisedusing theHigher OrderLogic
(HOL objea logic) of the Isakelle proof todl [9]. This occasiorally hasimpads on the features
availablein DOVE, whichwill beemphaisedin footnatesfor the bendit of theinformedreader
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Figure 2.1: statemadine graph for theTrafficLights example

2.1 Systemattributes

In orde to increasehefidelity of statemachinemodels DOVE introducesthenotion of system
attributes Attributesare obsevable quartities assaiatedwith the behaviou of the sygem. In a
DOVE statemachire, these attributesfall into three distinct categories.

¢ Input variablesareintroducedby the use to representthe points at which externd entities
(the extemal ervironment)may influence the machne evolution.

e Heapvariablesareintroducel by theuserto storeoutputsto theervironmentor intermedate
resuts in the executions of themachine

e The current stak andthe last transtion, the obsevable aspets of the corntrol logic at any
point in anexecuion of the machine aretracked autanatically by the DOVE tool via the
statemachinegraph input by the user

Theheg andinputvariadesarereferredto colledively asthememory Thecollededvalues of all
the system attributesat a particular pointin a compuationis calleda configuration of the sysem.

Theinput andheg variades usedto help descibe the traffic-lights example are presentedin
Table2.1. Theheg includessud obsewrablesasthe currentcolour of eachof thelights (ELight,
WLight, NLight, and SLight), the last direction to showgreen (LastGreen), andthe time at
which anamberlight is to changeto red (AmberTmOut). Theinput variadesrecordthe numberof
carswaiting ateachredlight (ECars, WCars, NCars, SCars) andthe currenttime (time).

An importantpoint to note abaut Table2.1is the factthatthe DOVE statemachinelanguage
is strondy typed Eachof the systan attributesis assgned a type which determiresthe kind of
informationit represents Thetypenat is astandirdisalkelle/HOL type andrepreentsthe naturd
numbes. The othe typesin thetraffic-lights example(Direction andColour) areenumeated

10
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Variables Inputs

Name Type Name Type
LastGreen Direction ECars nat
ELight Colour WCars nat
WLight Colour NCars nat
NLight Colour SCars nat
SLight Colour time nat
AmberTmOut nat

Table2.1: Sysemattributes for thetraffic-lightsexample

types(Isakelle/HOL datatype$ which have beendefinedlocally to the statemachine The defini-
tion of local types is discussedn moredetal in Chapte4. In this example, Colour hasvalues
Red, Amber or Green, while Direction canbeXNS or EW.

2.2 Transitions

The power of sygem attributes in DOVE statemachiresis thatthey allow eachtransition to
beaswciatal with a simpleprogram.Eachsuchtransition programconssts of three parts.

ThelLet: partallowsthe definition of abbreviatios which canbe usedto simplify the transt
tion definition. Thisis explainedin moredetal in Chapte4.

TheGuard: part, alsoreferred to asthe guard, of a transtion descibesa Booleancondiion
on the systemattributes(both heapandinput variables)which mustbe satidied for the transtion
to occu. A stae machire canonly perfam (fire) a transition if it is in a stae from which the
transtion is allowedandthe systemattributessatidy the guard.

TheAct: part, alsoreferral to asthe action, of a trarsition descrbesthe way in which the
system’s memoryis changd whenthe transtion fires. The action is expresedasa paralel as-
signment to anumkber of heapvariables.Only the variadesassgnedto by theaction may change.
Input variablesareupddedindepenently by the environment,andso cannever be assignedto in
ary action

All sectimmsof thetranstion’s definiion areoptional: if the Guard is omitted it is definedas
True (i.e.,thetranstion alwaysfires),andif the Act partis missing it will bedefined asSkip (the
transtion doesnothing).

As anexampk, the definition of the EWChangeGreen transtion is asfoll ows.

Guard: (LastGreen =NS)
Act: ELight « Green
WLight <« Green

INotethatDOVE is fairly lenientin its handing of the syntaxfor transitions.In particular resernedwordssuchas
True, False If, Then andElse are case-insensiie, while the identifiersAnd andOr (alsocase-inserisve) may be
usedin placeof thesymbols& and|, respectrely. Whitespacds ignored.

11
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Thetranstion guardis thatthe LastGreen variable shoud beNs; i.e.,thatthe N/S lights werethe
lastto be setgreen Theeffectof thetransition is to setthe E/W lightsto green.

The"wait-busy” transtions,suchastheWaitTO trarsition, arerequredto prevent “deadlocK.
Thisis elabaatedin Section 2.9 below

2.3 Initialisation

EachDOVE statemachinemusthave atleas onestate.Exactly onestatein the statemachire
mustbe definedasthe initial state(in termsof execuion); this shoutl be definedin the Initial-
isation Window, invoked via the Initialisation option belowtheDefinitions menuitem.
Thiswindow mustalsobe usedto spedfy theinitialisaton condtion, which actsasarequrement
ontheinitial valuesof the heg variales. Theinitialisation neednot fully determire the valueof
every attribute, sincetheinitial valuesof someattributes may not beimportantto the corred be-
haviour of the statemachire. If no paricular initialisation is requred, the initialisation condtion
may be setto True.

Theinitialisaion condtion for thetraffic-lights exampleis asfollows.
(NLight =Red) And (SLight = Red) And (ELight = Red) And (WLight = Red)

It requiresthat all the traffic lights initially showred. This means for example, that the heg
varialle LastGreen may initially be eithe NS or EW. It doesnot matterwhich setof lights goes
greenfirst, providedthey alterratecorredly thereafter

2.4 Statemachinedefinitions

A stake machinedesignis compldely definedby:

¢ its statemachire diagram,

e itsinitial state,

e its system attributes

e itsinitialisation predcate,and

e its trangtion definitions.
Theminimumrequirementdor alegal stae machinedefinition in DOVE areasfollows:

e Theremustbeatleag onenode.

e Exactly one noce in the statemachinemustbe definedasthe initial stateof all machire
executons.

e Theremustbeaninitialisation condtion, whichis a Boolean expresion.
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Figure 2.2: A possilke execution pathfor the TrafficLights madine

| state | [AlIR]|—> | EWG |—> [ EWA | — [AIIR|— | NSG |— | NSA |

LastGreen NS NS NS EW EW EW
NLight Red Red Red Red Green Amber
ELight Red Green Amber Red Red Red

Table2.2: A possble execuion of the TrafficLights madine

2.5 Executions

A DOVE statemachneis interpretedasoperaing in the following manner

An initial versionof the memoryis constuctedsoasto satisfytheinitialisaion condtion and
the machire is placed in chosa initial state. At eachsubsguentpoint in the compuation the
current stateandmemoryareconsultedto deteminewhich transtionsareenaled. A trarsitionis
enalbbed if andonly if the statemachire graphallows the transition from the current stae andthe
current memorysatidies the transtion’s guard condtion. If morethanonetranstion is enablel,
eithe mayfire. In this way, the machneproceedsto tracea paththroughthe statemachnegrap,
asdepctedin Figure2.2.

As execuion movesaround the statemachinegraph a sequace of statemachne corfigura-
tionsis gererated onefor eachstatevisited. Sucha seqenceof corfigurationsis called a history.
A histary which canbe constuctedby a given stat machire is called an exeaition of that stae
machire. The execution as®ciated with the executian pathdescibedin Figure?2.2is defictedin
Table2.2.

An important property of statemachineexecutonsis thatthey areprefix closed; i.e., thatif a
givenhistary is anexecuion, thensoareall of its prefixes. In otherwords,the historiesobtaned
by succeswely dropgang the final configuation from an executian are all executins. This is
becaseeachnen statemachire execttion is geneatedby extendng someexisting execuion with
the next allowedtranstion andstate

13
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2.6 Animation

As descibedabore, onesimplewayto comprelenda statemachinediagramis to tracevarious
executon pathsvisualy. Suchaninspection actuwally correspormsto the gereratian of a possble
(partal) history of the statemachie. The histoty traced neednot be complet becawseit is not
necesaryto commencen theinitial state.Thehistory maynotrepresentanactud executian of the
statemachingbecaseit is possbleto tracepathsonthediagramwhicharelogicaly disdlowedby
thetransgtion guards. For example,the TrafficLights machire canrot perform EWChangeRed
andthenEWChangeGreen becaisethe valueof LastGreen will disalow this. With the addiion
of sygem attributesandtrarsition guads, it is possble to usethis informal mechatism of path
tracing to generge a gred dealof usdul informationabaut a statemachine desgn.

Theenharedversim of pat tracing supprtedby DOVE is calledanimaton? Thetechngue
conssts of chocsing a beginning stateandtradng a sequ&ce of contiguous transtions from that
state DOVE supportsthis techiqueby calculting the new valuesof arny heapvariadesthatare
updaed and(crucially) by calcuating whatis termedthe path condtion. The pathcondition is a
Booleanexpressionwhich repregntsthe logical requrementson beginning configuationfor the
tracad pathto be possilie (only possble becase other pathsmay also be possble if morethan
onetransition guardis enabied). If the newly calaulatedpathis not possble (i.e., if the guad
governing the mostrecently fired transition actually prohbited the firing of thattrarsition in the
current configuration of the statemachire), the pathcondtion will befalse

The animation mechaism is a useiul way of ensurng that all varialles are updaged as ex-
pectal in critical situations andfor confirming intuition aboutwhencertan executon pathsare
posgble or impossble. In this way, assuanceof the correctnessof the statemachire desgn can
be promotedto a high level in anintuitive andefficient manner However, sinceanimation corre
spords essetially to a sophsticated form of testirg, animation camot provide the highest levels
of assuanceof statemachinecorredness The highestlevels of assuancecanonly be gainel by
mathemattal proof thatthe desigh satidiesits requremens.

2.7 Properties

In DOVE, high-level systam requrementsarerepresengdascollectiors of mathematal prop-
ertieson statemachinehistaries. Eachproperty gererateshe colledion of histolieswhich satisfy
thepropety. A statemachieis saidto satisfy apropety if andonly if every execution of thestae
machire satsfiesthe property. In the foll owing we introduce the languageusedto descibe sys-
tem propertiesandillustrate the evaluation of suchpropeaties onthe TrafficLights execttion
depidedin Table2.3 Wereferto this tableasthe truth table for the propertieson this executon.

In order to specfy propeties easily DOVE admts a form of tempoal logic. The aim of
tempora logics is to provide a corvenientnotdion for deseibing propeties of entire histories.
TheDOVE temporalogic providesfacilities for inspectingthevaluesof all variadesin thecurrert
configuration, in any previousconfigumation,and,importartly, for congraining the orderin which
eventscanoccu.

2Note thatin generalthe term animationmay refer to a much wider rangeof techniques than that supportedoy
DOVE.
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state | [Al1IR| > [ EWG | —» | EWA | — [AlIR|— [ NSG | — [ NSA |
LastGreen NS NS NS EW EW EW
NLight Red Red Red Red Green Amber
ELight Red Green Amber Red Red Red
NLight = Green F F F F T F
At NSGreen
Implies T T T T T T
NLight = Green
Previously T F F F F T
(NLight = Green)
First T F F F F F
Initially
(NLight = Red) T T T T T T
Always
(NLight = Red) T T T T F F
Sometime
(NLight = Green) F F F F T T
MostRecently
(At AllRed) T T T F F F
(LastGreen =NS)

Table 2.3: Somepropertties evaluatedon an exeaution of the TrafficLights madine

The simplestpropaties arewritten as Boolean expressiors on the currert values of the ma-
chineattributes. For example,the expresson

NLight = Green

canbeusel to detamineif the north light is greenin the current configuiation. Table?.3 shavs
theresut of evaluaing this expressionin eachof the configurations of theexecuton pathshowvn in
Figure2.2 Theonly statein whichthisis trueis NSGreen. Fromsuchcorfiguration properties we
canbuild up awholefirst orderprediatelogic usingthe usud operdors Implies, Not, ForAll,
etc.

Soasto allow acces to the current stateand the last trarsition, the specal tempora logic
congdructars At andBy respetively areintroduced For examplke, the expression

(At NSGreen) Implies NLight = Green

saysthat the north light mustbe green if the machne is currently in the NSGreen state From
Table2.3it canbe seenthatthis propety is truein every configuation of the exampleexecutian.
This is becawsethe property NLight = Green neal only be true whenthe machineis actually in
the NSGreen state(sinceothemise the assunptionto theimplication, At NSGreen, is false, and
thustheimplication is true).

In the abore examples, ‘currently’ meansthe last configuration of the histary being consid-
ered.In orderto gainaccessto earler corfigurations,temporallogic addsspeéal operdorscalled
modalites
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ThePreviously modaloperdor asksif apropertywastrueof thehistory gainedoy removing
thelastconfigumtionfrom the currert histary. For example

Previously (NLight = Green)

saysthatthe north light wasgreen in the previous configuation. From Table2.3 it canbe sea
thatthetruth tablefor this propety is justthatof NLight = Green shifted alongonecolumn, with
theadditon that the propertyis truein thefirst configuation

The constantFirst canbe usedto detemineif the current configuation is in fact the first
one.Thetruth tablefor First is alsoshownin Table2.3. Thevalue of all Previously properties
is taken to be true in the first configuration, by corvention. Sincethis corventionis essatially
arbitrary, it is agoad ideato make all Previously propertiescondtiona on notbeingin thefirst
configuration. For exampke, it is bette to write

(Not First) Implies Previously (NLight = Green)

sincethis makesit explicit thatthe Previously propeaty is not very meanindul in thefirst cornt
figuration.

TheInitially modaloperdor deteminesif somehingis truein thefirst configuation. For
example

Initially (NLight = Red)
saysthatthenorth light is redin theiniti al configuration. Referring once againto Table?.3, it can

be sea thatthis property is truein every configuationbecaiseit is truein thefirst.

TheAlways andSometime modaloperdorsallow the consiceration of all the configurations
in a history. For example,

Always (NLight = Red)
saysthatthe north light mustberedin every configuiation of the history and
Sometime (NLight = Green)

saysthat it mustbe greenin at leag one configuation of the history. Onceagainthe truth ta-
blesfor thesepropeties aredepided in Table2.3. It is importantto note from thes tablesthat
oncean“always’ propety bemmesfalseit remainsfalsein all future configuations, andonce a
“sometimes” property becanestrueit remairs true.

TheMostRecently operdor is importantin selecting points of particularinterestin a histoty.
It takes two argumentswhich areproperties thefirst selects the points of interestandthe secoml
descibesadesiedproperty. For example

MostRecently (At AllRed) (LastGreen = NS)
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saysthatthe lasttime thatthe machinewasin the A11Red stak, the LastGreen variade hadthe
valueNS. Thetruth tablefor this property shavs thatit is true for thefirst three configuiations and
thenfalsefor the lastthree, becaisethe value of LastGreen is EW whenAllRed is visited the
secorm time.

Thereareseveralothermodaloperaors supprtedby DOVE, but the above arethe mostcom-
monly used A full account of DOVE’stempoal logic is presatedin ApperdixC.

2.8 Verification

Verification in DOVE correspond to proving thatall execuions of a statemachinesatisfy a
required propety. This condtion is represened using theturngtile operabr. For example

|- Always (At AllRed Implies ELight = Red)

claimsthatthe propety At Al1Red Implies ELight =Red is actudly true of thetraffic-lights
machire. For techical reasmsthat aredisaussedn Chapter it is importantto apply theAlways
operdor to all desiral machire propeatiesin DOVE.

The basicproof techmiquein DOVE (the mechangs are disaussedin detal in Chapte?7) is
induction on the execuionsof the statemachine Suppsethatall theinitial corfigurations satisfy
the propety. Suppae,further, that for every execuion of the statemachinewhich satisfiesthe
property, all enalded transtions take the statemachire to an execution which also satisfiesthe
property. Thenthe property musthold for all executions.

Whatis patticularly powerful abaut DOVE is thefactthattheindudion stepis reinterpraedas
asimplestatemat in tempoal logic. For ary giventemporéd property, DOVE is ableto calcuate
a property which descibeswhatmusthave been truein the previous statein order for the current
histary to satisk the givenpropety. Thisis dorne by a proces called bad-subsitution.

Thebasicideain back-sbsttutionis to replace occurences of attributenameswith thevalues
assigedto themby thelasttransition. For exampleg if thelasttranstion wasEWChangeRed, then
the propeaty

At AllRed Implies ELight =Red
is backsubdituted to the (trivially true) property
AllRed = Al1Red Implies Red =Red

becasetheedge with trangtion EWChangeRed endson A11Red, afterwhichELight is setto Red.
Thedetals of how thelasttrarsition information is deteminedaredisaussedn Chapte?.

In geneal, backsubsttution throughagivenedge E, appliedto agivenpropety ¢, returnsthe
wealed propertywhichensuesg; i.e., thelargestsetof histariesfor which theexecuion extended
asdeterminedby E satidies¢. Theresut is known asthewealed tempoal precandition. It is ob-
vious that, asdisaussedabove, this is obtairedfor a corfiguration propety by replacingvarigbles
with the valuesdeteminedby thetranstion in edgeE. Sincea geneal property is gereratedirom
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configuration propertiesby the modal operaors, to detamine its wealed tempoal precondtion
we simply need to know how to distribute backsubsitution through the various modalties. Here
we just list a few? of the resuts, writing backsub to representthe operdion of backsubsttution
througha givenedge:

e backsub T=T,;

backsub (¢ And y) = (backsub ¢) And (backsub ¥) ;

backsub (Not ¢) = (Not (backsub ¢));

backsub (ForAll X e ¢ X) = ForAll X e (backsub ¢ X)

backsub (Previously¢) =¢ ; and

backsub (Always ¢) = ((backsub ¢) And (Always ¢)) .

As asimpleexample consder a propeaty of theform
Previously Always ¢ .

Theaction of badk-sulstitution leaves

Always ¢ .

At this point it is corvenientto extract the current stateinformaton by exparding via the simple
rewrite

(Always ¢) = (¢ And (Previously Always ¢)) .
To be specfic, the property

Previously Always (At AllRed Implies ELight = Red)
is backsubdituted to

(At AllRed Implies ELight = Red) And
Previously Always (At AllRed Implies ELight =Red).

Thiskind of resut will be usedrepeaedly in Chapterr.

Oncethe backsubsttution of a requred propety hasbeendetermined,the induction step
becanesa ‘simple’ matterof proving thattherequred property implies its own backsubsitution
— remembethatthe backsubditution of a property ensuesthat property will be truein the next
state Theprocesanaybeabit morecomplcatedthanthisin practice,becawseit maybenecesary

3The knowledgeablereaderwill perhapsbe surprisedat the simpledistribution throughNot. However, the back-
substitutionis only appliedfor theactionpartof thetransition,which — by constructiorasallist of variableassignments
— is deterministic. This provides greatsimplificationin the distribution propertiesandis crucial to the efficieng/ of
verificationin the DOVE tool.



DSTO-TR-149

to backsubditute severd times befare the implication can be proved. Sucha compuation is
equvalentto gereraligng theinductionhypahesisto extensionby ahistory of severd stepsinstead
of the usud one. For uniformity of the tactc presentaion we have extended the notion of back
subditution to alsoapply to theinitial cas of the induction proof, whereits action is simply to
inset the stae machinés initial predicateinto the hypothesesand attemptto shav the resuting
initial corfiguration propety. For this reasm it is neessaryto decanposethe propety unde
First or Not First before the edgedecmmpositon (in the Not First part) required for the
baclksubsitution descibed above. Several examples of sud indudive prodfs will be found in
Chapter7.

2.9 Scopeof DOVE

Fromthe previous disaussia it is clea thatin DOVE we restrict our attertion to properties
that can be repregntedas a setof finite sequence of configuations. This restiction is crucid
to the effectivenessof this backsubditution tecmique It alsohasimportant implications for the
kinds of propertiesthat canbe treaed by DOVE. The following is someavhat techrical, andthe
impatient reacer maywish to omit this sectian on afirst reading.

Thefirst point to make is thatthis chace implies a restridion to only those propertieswhich
canbedeteminedby consiceratian of individual execution traces. Many importantsysem prop-
ertiescanonly bedetermiredby considerdion of all the possgble execuions. A simpleexampleof
sucha propety is deteminism Determinsmrequresthatthereis exactly oneallowed respmse
to ary given sequenceof inputs. Clearly this camot be estaltished simply by consdering indi-
vidual executimns. (Actually, by first rea®ning abstactly abou the strudure of statemachine it
is possble to shaw that for any given statemachinethereis a simpleproperty which correponds
to detaminism, namelythatonly oneguaid is enabkd at eachpoint in every execution.) Anothe
important exampleof a wholesystemproperty is the non4nterferenceprivacy-property of secu
rity critical sysems. Suchpropeties cannd be treded direcly by DOVE-style verificaion, and
canonly betreatal indirectly whenan equialentsimple property canbe deteminedby abstact
argument(asin the caseof deteminism).

The literatureidertifies two major cateyories of simple properties [4]. A property is a safey
property if andonly if it canbefalsifiedin afinite time. This meanghata safetyproperty canbe
descibedfully by thefinite historieswhich satisy it. An infinite history satisfiesa safet/ property
if andonly if all of its finite prefixessatidy the property Thatis to saythatsafdy propertiesare
prefix closed Alternatively, a propertyis a livenessproperty if andonly if it cannot be falsified
in afinite time. This meanghatalivenes property canrot be charaterised properly by the finite
histarieswhich satisf it —i.e., livenes propetiesarenot prefix closed.

Since DOVE deds solely with finite histories, the classof propeties treded by DOVE is
exactly the safety propeties. This choice hasbeen madein orde to make propety verification
in DOVE assimpleaspossble. However, asnow discussed,provided the right timing modelis
adoped, it is possble to do without livenessproperties

To seethis, constder the purposeof livenessproperties Livenesspropertiesare often char-
acteised informally asthoseproperties which require a computaion to make ‘good’ progess,
andsafay propertiesasthose propertieswhich ensue no ‘bad’ progressis made. If theseintu-
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itive chamacteriations werecorrect absoltely, thenaninabhility to treatlivenesswould be a major
weaknesfor DOVE.

However, it is simply nottruethat‘safety’ in critical sygemsis purelyabou ensurig no ‘bad
progessis made.Sometimesaswhenrespamdingto adangeroussituation, it is critical that'good
progessbe made while making‘no progress’is ‘bad’ progress.Thisis oneof thosecasesvhere
theuseof natual languagecanleadto consderable confusiondueto differert meaning of aword
(in this case'progress) being usedclosetogeheranddueto unsttedassumpbns. The unsated
assumgonsin the above characteisations of safety andlivenessarethata failure to progressis
possble andthatit cannever be‘bad’; i.e., 'no progressis goad progress’.In practice,someform
of progressis always made becaiseof the ‘endlessmarchof time!

The question of whether'no progressis good progress’ can be side-steped by adoptng a
clockwork modelof time, thatis by idertifyin g the progressof the statemachire with the progress
of (abgract)time. This ensuesthatprogessis alwaysmade becawsetimeis always pasing. Un-
derthis assumgbn, safey propertiescanbe usedto approximate ary desied livenesproperty.
For example,instead of requring that a greenlight evenually turn red, require thatit turn red
within a certaih numberof transtions or, more gererally, befare someincreasingattribute (suc
asclock time) reachs acertan value

Thus,theminimumrequrementfor treatirg livenesgropertiesthrough safey approximations
is thatthe stat machire is alwaysableto perfam sometranstion — sucha machire is saidto be
deadock-free A deadock-free statemachinealways makessomeprogess,effectively disalow-
ing the‘no progresss goad progress’option. Any givenstat machinecanalways be corvertedto
deadock-freestatemachire by addng ‘busy-wait’ transtions which fire whenno othertranstion
is enabbed. For example, thisis the purposeof theWaitTO transtion in thetraffic-lights example.

It is important to note that DOVE itsdf doesnot enforee a clockwork model of time. The
designermustexplicitly modelary aspe&tsof time which arecritical to statemehandor prod of
critical propertiesof the statemachne. The moresorhisticatedthe progressproperty to be proved
the moresophisticatedmustbe the modelof time imposedon the statemachine. The DOVE tool
offersno helpto theusereithe in detemining the required modelof time or in imposirg it onthe
statemachire; but it doesallow the userthefreedom adgt the modelbestsuited to their particular
probdem.

“For thetechnicallyminded,this factfollows from the statusof livenesgpropertiesaslimits of sequacesof safety
propertiesmuchastheirrationalnumkbkersarelimits of sequeresof rationalnumbers.
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Chapter 3

A first look at DOVE

This chaper provides a brief introducion to the DOVE tool. Detaileddiscussiors of the com-
ponents introducedhereappea in later chaptes. Before starthg, DOVE andthe other requred
packagesmust have beeninstdled accading to the instructions in the file Install.ps found
in the distribution documnentatio. It is explainedin those instructions how the usermustadd
DOVE's bin directory to the users path variable and how to overide the set of standrd re-
soures (eg colours, fonts, window geanetriesand so forth) chose by DOVE. If required, fur-
ther detailed informaton on acquring andinstalling DOVE canbe found at the DOVE web site
(http://www.dsto.defence.gov.au/esrl/itd/dove).

3.1 Starting DOVE

Figure3.1shavsthe DOVE statemachinewindow of the exampleTrafficLights statemachire
on startip, andthefoll owing shauld be readwith this figurein mind.

Thesyntax for staring DOVE canbe summariseds:
> dove [-- -h | [machine]]

Thefollowing optionsaresugported

e -h, prints outthislist of options.

e machine, where“machine” stand for the userchosenmachinename.

Theexamplein Figure3.1wasstartal by thecommand
> dove TrafficLights

The beginning use may like to experimen with this statemachinepackaye, which is included
with the DOVE instalation in the diredory Examples/TrafficLights. Typing

> dove TrafficLights
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Figure 3.1: DOVE state madiine window at startup.

in this directory will openthe statemachire graphwith default setings. Alternaively, the user
may simply type

> dove

anda DOVE sessio will startwith ablankgrid, readyfor defininga new statemachire.

3.2 DOVE files

DOVE makesuseof a numberof local files, which are geneatedin the couse of a DOVE
sessdn. This secton briefly descibes what the files are and how they are used but first the
stancird DOVE file-structure corventionsarecorsideral. Theimpatiert use whois notinterested
in the subtlgiesof thevariousfiles shodd just readthe preamlbe aboutfile managemet, andthen
skip to Section3.3 before proceedimg to the later chaptes.

The first stepis to decide on a working title for the systemdesigh underconsderaion, and
thencrede a so-ramedworking diredory to hold thefiles for this statemachire. The DOVE tool
shoud thenbe executel from the working directory, andall the asse@iatedDOVE files shoud be
storad there

In the caseof the traffic-lights state machne example, the working title of the despn is
TrafficLights. In orderto build this desigy, adireciory TrafficLights is creaed.

> mkdir TrafficLights

The DOVE tool is theninvoked from this directory.
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> cd TrafficLights
> dove TrafficLights

By corvention all the DOVE files assocatedwith theTrafficLights desgn have namesegin-
ningwith TrafficLights. For example,atypicd listing of the TrafficLights directory after
aDOVE sessio would be asfollows.

> /bin/ls

TrafficLights.ML TrafficlLights.polyml-3.X TrafficLights_graph.ps
TrafficLights.nw TrafficLights.smg

TrafficLights.pdf TrafficLights.thy

In the remairder of this secton the purposesof thesefiles areconsderedin detal.

3.2.1 Statemachinegraph file

All of theinformationrequredto desribethestatemachireis storedin afile with ansmg suf-
fix, starding for ‘statemachire grapgh’ ( for example TrafficLights.smg), which includesthe
informationneedel to both draw the stae machinegragh andto detemine which transtions join
which stakes. Furthemore, it includesall of the mathematal definiions ne@ssaryfor gereratirg
thelogical theotieswhich areusedto reasm abou the stae machine

It is genenrlly inadvisablefor the userto edit the smg file by hand

3.2.2 Nowebfiles

Thenoweb padkageis a literateprogrammingernvironmentwhich DOVE usesto producethe
documentation files disaussedn the foll owing subsetion. Thefile TrafficLights.nw, written
by DOVE during the compiation process, contdns the instructions noweb need to createthe
documentation files andto insertthe indexing andcrossreferencinginformaton.

3.2.3 Theory files

The logical theoly asseiatedwith the statemachire is stored in two files. The first hasa
nameof the form *.thy (for example, TrafficLights. thy) and contdns an Isabele theory
definition descrbing the stake machire. The seond hasa nameof the form *.ML (for example,
TrafficLights.ML) andcontanscommand, in the ML progr.amminglanguage,which provide
a custamisedlsabele environmentfor reasming abou the statemachine. Both of thesefiles are
genegatedfrom thenoweb file.

3.2.4 Imagefile

In orderto make efficient useof the statemachire theor, thelsabele commandin the*. thy
and * . ML files are compied into an ML imagefile which is given the bag-nameof the stae
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machire and the extengon nameof the ML compiler for which it was creata (for example,
TrafficlLights.polyml-3.X). The imagefile is an execuablefile, andis invoked whenewer
DOVE beginsto prove a propety.

3.2.5 High-resolutiondocumentationfile

The DOVE tool is ableto outpu high-resoluion docunentatian in Portalde Display Format
(PDF).Thedocumemation is placed in afile of theform *.pdf. Thedocumentaton file includes
extenson hype-indexing andcrossreferencing of the various definiionsin the statemachire as
well asrecoding ary remaining parsig errors. This makesit aninvaluabletool in undestandng
anddehluggingadesiq.

3.3 DOVE tools

Whenstated asdisaussedabove, the DOVE ses#n begins in the DOVE statemachire win-
dow exemplifiedby Figure3.1 The grid secton, calledthe “canvas”, is usedfor editing grapls
andthe preseatation of animaton andproof visualisaions.

DOVE hasthree modesof operdion: edit, animaton, and proof. The threemodebuttonsin
the menubar of the DOVE statemachinewindow areusedto move betweenthese modes.If the
defaut colour schemeis beingusedthenthe buttons are eithe blue or green blue indicatingthe
current mode. Theinitial settirg for the DOVE sessbn is edit mode. As a further visual aid, the
mousecursa appearsdifferently in the differert modesaslisted below.

VAR S

(a) Edit (b) Animate (c) Proof
Figure 3.2: DOVE modebuttons

3.3.1 Edit mode

Thedesig of statemachiresis carried outin the edit mode,which canbe enterel by clicking
ontheedit (“pencil”) icon (Figure3.2(a)) onthe menubar Theoperdionsthat canbe performed
in editmodearediscussedn Chapte#.

In edit modethe cursor apparsasthe defaut mouseeursa.

3.3.2 Animation mode

Animation modeis usal to obsene how variadesevolve symbolically during executian of the
statemachire. It is enteed by selecting the button with the picture of a runne (Figure3.2(b)).
Theopemtionsthat canbe perfarmedin the animation modearediscussedn Chapteb.

In animation modethe cursorappearsasanarron pointing right.
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3.3.3 Proofmode

The proof modehastwo main functions: to enalle the definition, editing and inspection of
prodf queries; andto carry out a proof of a particular query It is enteed by selecting the button
with the picture of the turndile (Figure3.2(c)). The operations thatcanbe performedin the proof
modearedisaussedn Chapte 6.

In proof modethe cursa appeas asaturnsile.
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Chapter 4

Editing the statemachine

The DOVE statemachne window is the main interfaceto the DOVE sessbn. It appearsupon
startyp, with the nameof the currertly displayed statemachinegrag shownin thetitle bar The
strudure of thewindow is clearfrom the examplein Figure3.1, andthe usershoub referto this
figurewhenreadng thefollowing sectims.

The spedfication of a statemachinein DOVE requres

¢ the graph of the statemachine, conssting of nodes and edges, to be drawvn in the DOVE
statemachinewindow, and

¢ thevariadesandtranstionswhich make up the stae machineto be defined.

In this chepter thesepoints are expardedin turn. The menuoptiors will be explained after the
discussionof graphdrawing, sincethey arenotneedel in the geametricalconstuction. However,
it is worth noting at this point thatthereis a menuoptionfor undang andreddang changesin the
graph aswell asmenuoptionsmodifying the dispay.

Thereareanumberof rulesthatneel to befollowed whendesgningstatemachinein DOVE.
Thesearedisaussedin Section4.4 below After a cursay examinaton of these the “hands-orf
reade maywish to move quickly to thetutorial sesgn in Sectiont.5, referring to earler sectons
whenrequired.

4.1 Graph editing on the carnvas

The carvas refers to the grid-lined areaunde the menubar. It is herethatthe graph editing
operdionsarecarried out, usingthemouseandthekeyboard. Thecarvassizeis fixed,but thegrid
sizecanbe chargedin a given sessio (via the menubar, asdisaussedbelown) andit is the grid
sizewhich fixesthe scde sizeof the graph Moreover, just a portion of the carvasis displayedin
thewindow andscrdl barsareprovidedto accesstheremairder Thus,it is not expededthatthe
availablecarvasareawill imposeary limitationson statemachire desig.

Thebasicobjeds of the statemachinegrapts arelabelled nodes andlabelled, direcded edges
(circlesandarcs,respectively). Thennodeshave four distinguishedpoints, or vertices atthe cardr
nal points onthecircle—i.e.,attheN, S, E, W compasslirectons. All edgelines begin andend
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atthevertices. The command of the graphediting interface allow creaton, deleion, movement,
andrenamirg of the bast objeds. A quick synopsismay be usetul.

e Creatia is dore with mousebutton 1, anddelgion with Contrd-button-1(i.e., holding the
Contrd key down andpressng mousebutton 1).

¢ Movementof objectsis perfarmedthrough clicking on theitem with mousebutton 2, mov-
ing to thedesred location, andreleasing mousebutton 2.

¢ Torenameanitem, move themouse-pinter ontothecorrespomling text. At this pointatext
cursor will startblinking — notice that pressng the mousebuttonsis not requred — andthe
keyboardcanthenbe usedfor editing.

Thesecommandsredisaussedsysematicaly below

4.1.1 Graph layout

Thevisible grid of the DOVE carvasis notjustaguide to theusetseye, it is anintegral partof
theautanaticgeometic congruction: all basc objectswithin astatemachnegraphare“snapped
to thegrid.

¢ Onceplaced,anodeautanatically cenersto the closestposiion on thegrid, andadjustsits
verticesto lie onthegrid’s axes.

e Edgelineslie ongrid lines,asmuchaspossible.

Thisleadsto nea graphpresntaton without the userbeing requredto perfarm fine-scag editing.

As afinal preliminary, notethat DOVE prevents the userfrom placing the basicgraph objects
too closely for neatgraphlayout. During ary movementof anobject the useris informedof the
areasthat the objed canrot occupy. Theseareas called blocks, are temporaily shackd in red
during themove, asdepidedin Figure4.l If thecursorentersablock during amove, themoving
objed is shavn atits mostrecent legal posiion (on the edgeof the block), andoncethe move is
compleaed (by button relea) theobjectwill becrededatthe mostreceri legal postion (srappirg
to the grid asnorma). The shadng is alsodisplayedif the creaton of an objed violating the
sepaation requirementis attemptel. The shadig is thenremoved once the illegal creaton has
beenabardond (i.e., oncethe button hasbeenreleased).

4.1.2 Nodes

Nodesappea as solid white circles with a black outline, and with the nodenameasa text
string centedonthecircle. Thecentreof thecircle is snagpedto agrid point, andthe noderadius
is equal to onegrid spacirg. Thenode thenintersectsthe grid at four points, the node vertices.

50n a standardhree-tutton mouse mousebutton 2 is the middle button. On a standardwo button mousejt is the
right button. Thetool is setup sothat,in fact,mousebutton 2 or mousebutton 3 canbe usedinterchangealy.
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Figure 4.1: A DOVE state madine during node movement

nodecreation: Tocreatanode,click mousebutton1 onanunocupied areaof thecarvas.Recall
thata certdn minimum sepaation betweennodes is required by DOVE. If thisis violated,
theareaswvhich aretoo closeto the point clickedonwill betempoarily highlighted in red

nodedeletion: To delde a hode, hold the Contrd key down andclick on the node with mouse
button 1. Note thatwhenthe Controlkey is held down the mousecursa becanesa “skull
andcross-bores”to indicatethat the sysgemis readyto delee.

nodemoving: To move a node, placethe mousecursa inside the required node and pres and
hold mousebutton 2. Move the nodeto the required location, andthenreleasethe buttof.
Whilst moving the node,thosepartsof the carvasthat aretoo close to anaher nodewill
be highlightedasred blocks andit will not be possble to dragthe nodeinto one of the
highlightedarea (seeFigure4.1). Whenthe button is releagd DOVE will redigplay all the
edges attadedto thenode andremove thered highlighting onthe carvas.

noderenaming: Whenfirst creata, all nodes have the default nameNode. The namecanbe
charged by pladng the cur=or inside the node at which point a blinking text cursor will
apper at the end of the nodes labd allowing editing of the labelto be carried out via the
keyboard. Whenthe mousecursa is moved off the node, the nev namewill be registered.
Nodesmusthave distinct node names.

SFromnow onthis collectionof operationswill bereferredto as*dragging with mousebutton 2”.
7 Preciserulesfor the allowed rangeof namesarepresentedn AppendixB.
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4.1.3 Edges

Edgesaredravn asacomectedsequaceof bladk horizontalandverticd line segmenswhose
endsaresngpedto the grid. The junctions of the verticd andhorizontal segmens aredravn as
asmootharc. Edgesaredirecied andlabdled. The edgemustbegin andendat a node vertex; an
arrovhea indicatesthe direction of theedge Theedge label appeas asatext string in a postion
initially chose by DOVE.

Differentedgesmay have segmernis which overlgp. To assistin distinguishing the differen
edges and correspomling labels, whenthe cursor moves onto an edge(or edgelabel) the entire
edgeandedgelabd arehighlightedin blue. The highlighting is removed oncethe cursormoves
off theedge or edge label.

Edge creation Holding down mousebutton 1 while the mousecursor is on a node andthen
draggng with themousewill creae anedgewhichleavesthatnode from thevertex closestto the
point clickedon. If mousebutton 1 is releagd while the mousecursor is inside a node the edge
will be attechedto the vertex closest to the relea® point. DOVE will thenproducea snaped-
to-grid pathfor the newly creaed edge. If mousebutton 1 is releasedwhile the mousecursa is
over sometling otherthana node thenthe edee is not createl and disgppeas. It is possble to
creak anedgeleaving andentaing the samenode,but only at two different vertices on the node.
Unusud kinks or wigglesin the newly creatd edgepathcanbe straightered out by moving the
correspondng edgelabd. It is goad styleto lay outthegraph sothatno kinks remain

Edgedeletion To delge an edge,while holding the Control key down click on the edgewith
mousebutton 1. Whenthe Control key is held down the mousecursa becanesa skull andcross
bonesto indicatethatthe systemis ready to delete.

Edgemoving DOVE corsidersedges ashaving threesepaate parts which canbe movedinde-
pencently: the startandfinish points andtheedge labd. Theusercanexperimentby clicking with
mousebutton 2 to seewhich region of the edgeDOVE assigrs to the differert parts

Moving edgelabels An edgelabd canbedraggedusing mousebutton 2, andwill snapto the
grid whenreleased. Edgelabds mustnot be too closeto nodes so the prohibited areasaredis-
played asredblocks during themove. Sincetheedgesdravn by DOVE mustgo throughthelabel,
by moving the labelthe userhascongderable contol over the graphlayout.

Moving edgeendpoints Againusing mousebutton 2, anedgeendpant canbedraggedto anewv
positon. If mousebutton 2 is releasedwith the endpoint over a node,the new endpant for the
edgewill bethevertex of thatnodeclosestto thereleasepoint. DOVE thenproducesa new path
for theedge The edgelabel canagainbe movedto achieve thedesred layou. If mousebutton 2
is releasedwith the endmint away from anode,thenthe edgereverts to its original path.
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Edgerenaming Whenfirst creaed, all edges have the default labe® Edge. The namecanbe
chargedasfor node renamirg discussedabove, the blinking text cursa beingactvatedwhenthe
mousecursa is placed anywhere on the desred edgeor label.

4.2 The menubar of the DOVE state machine window

The menubar contans a numberof pull-down menusand buttons. At a given point in the
DOVE sessbn a given menuoption may not be available,asindicatedby a “greying out’ of its
namein the menu. Options which communcate with the file directory are directed through a
pop-up file-navigator window. Similarly, options which make dedarations for defining the stae
machire are direded through a pop-y dialog box. Finally, certain commandoptions require
confirmaton from the user In thefollowing sub®ctionsthe optionsaredisaussedsysematicaly.

4.2.1 TheFile menu

New cleas the currert statemachire and makesreadyfor the desigh of a new machine The
useris askedto confirmtherequesif the current stae machinegraphis not saved This optionis
only available during Edit mode.

Restore restaesthecurrently loadal graphto thelastsavedversion Theuseris asked to confirm
the request before the resore takes place. The option is not available if the current graphwas
started from a blank carvasandnever saved, or if no modificatims weremadesince the lastload
or save. This option is only available during Edit mode.

Load File presetsthe use with a file-navigator for loadng the required statemachinegragh
file. In doing so, DOVE clearsthe currert statemachineand loadsthe required stae machire
from thefile. If the current statemachire gragh is not saved(i.e., it hasbeenmodifiedsince the
lastsave or load) the useris first asked to corfirm thatthe opeitionis to go ahead Theuse may
browseothe diredoriesto find other*. smg files by clickingin theDirectories frameof thefile
navigator TheLoad opeationhasthe keyboad acceleatorMeta-L. This option is only available
during Edit mode.

Save savesthe curren statemachire to the filenamecurrertly dispayed on the DOVE stae
machire window title bar, without askirg the userfor confirmaton. The option is available if the
current graph haspreviously beensaved to, or loaded from, a file, andif there hasbeensome
modification sincethe last save or load operdion was performed. The Save operdion hasthe
keyboardacceleatorMeta-S.

SaveAs presatstheuserwith afile-navigatorfor saving thecurrert statemachineto aspecfied
file. This opeationalsorenamegsheimagefile. This option is only available during Edit mode.

8Thoudh calledan edgelabel here,it is actuallya labelfor the transitionassociateavith the edge. This is relevant
whenthe statemachineis defined,seethemenuitem Transition in Sectiord.2.4for furtherdetails.
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CreateDocumentation pregentsthe userwith aCreate Documentation window which lists
ary known problemswith the currert statemachire (if arny), andprovidestwo buttons:

e Cancel which cane@lsthedoaumentaton request,

e Create Documentation which corntinues

If there have been modificationssincethe lastsave (or if the statemachire hasnever beensaved),
the useris required to save the statemachire before the Create Documentation window will
apper. If theuserchoosego continueafterreviewingtheCreate Documentationwindow, then
the doaumentaion files discussedin 3.2 are produced,and DOVE startsup Acroba — if it isn’'t
already running — to display the PDF output.

Quit DOVE terminaesthe DOVE statemachne window, andary other DOVE tools that the
editor hasstatedup (e.g.,Animator or Prover). If there have beenmadificationssincethe last
save or load, the useris requred to confirm the action of quitting. The Quit operaton hasthe
keyboardacceleatorMeta-Q.

4.2.2 The Edit menu

Undo undaesthe last graphediting opeiation (as discussedin Section4.1) which altered the
graphbefore its curren display. This includescreatirg, moving anddeleing nodes or edges. All
of the modificdions sincethe last save or load arekeptin a stack andcanbe undmein reverse
order Ona Sunkeyboard,the ‘Undo’ key maybeused This option is only available during Edit
mode(animatbn hasits own undoandredomecharsms).

Redo re-paformsthelastopeiationwhich wasundme. Until anoperdion is undore, this com-
mandis not available. All operations currertly undore in the commandstadk canbe redme, in
reverseorder On a Sunkeyboard, the ‘Again’ key may be used. This option is only available
during Edit mode(animaton hasits own undo andredomechaimsms).

Checlk/Compile perfamsavarietyof checls onthestate machire,bothstructuralandsyntactic,
largely to ensue thatit hasbeen desgnedin conformancewith therulesin Section4.4. Diagnos
tic messagsare printed in a dialog box labeled Compilation - Diagnostics which comes
up whenthis option is selected. A descrption of the possilbe diagrostic messagesis givenin Ap-
pendx D. It is requredthat the userapdies the cheds afforded by this option before proceedirg
to analsethestatemachne. Indeal, theProver will notcomeup,andtheanimaton modecannd
be chosn,while fatalerrars exist. Note thatif no chargeshave beenmadesince the compilaion
was succesful thenthe compilaion will not be repeaéd. Thusthereis no further unne@ssay
time burdenin the process.

4.2.3 The View menu

TheView menucontansanumbe of opeations thatadjug thedisplay.
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Showv Grid  allows the carvasgrid to be turned off, or rediplayed. Graphobjects arestill re-
quired to conform to the layout requremens of the grid evenif it is notvisible.

ZoomIn increaesthegrid sizeby two.

Zoom Out deaeasegheqgrid sizeby two.

SetZoom Level setsthegrid size It opers asmalldialog box containing a sliding scalewidget
thattheuse candragto select anew zoomlevel. Clicking the OK button dismisgsthe dialog box
andchargesthe zoomlevel. Clicking Cancel dismisseghedialog andretairs the previouszoom
level.

4.2.4 The Definitions menu

An importantpartof the definition of a stat machneis the specfication of the correspondng
comporents:thetypes, congants,heg varialles, input variades andtranstions which definethe
formaltheory In DOVE thisis accanplished via thevariousoptionsavailablein theDefinitions
menu. The majority of theseoptions presentthe use with a dialog box in which the currentdec-
larations for that paricular category (i.e. type, dataype, varigble or whatever) are listed. For
example selec¢ing theoption Transition Definitions from theDefinitions menuwill in-
voke the Transition Definitions window, which both dispays andenable modificaionsto
thecurrertly definedtranstions for the statemachne.

Selectng anitemin thelist of dedaration namescaugsthatitem’s definition anddesciption
to bedisplayedin otherarea of thewindow. Therearea numberof waysin which list seledion
canbe manipuatedby theuser Clicking on a dechration namewith the left mousebutton is, of
course, themostobviouswayto make aselection. TheusercanalsoapplytheUp/Down arrowkeys
in orde to traversethe list, while the Escape key will clearthe curren selecion. Thelist also
featuesa caseinsersitive seach facility, which enalbes the userto type the first few charaters
of a dedaration’s name,at which point the first matchng namein the list will be located andits
declaationwill bedisplayed.Theusea maythenclick to seled it. To begin theseach, whichwill
proceed from ary position in the list, first clearthe current seledion via the Escape key. When
typing the nameto searchon, the Backspace andDelete keys will alsofunction asexpecteal.
Pleasenotethatall of thesekey strokeswill only beavailablewhile themousecursor is within the
region of thelist.

Eachdechration window containsfour buttonsat its bas: Edit, Delete, New andClose.
The Close button simply withdraws the window; ary dedaration storage will alread have been
carried out. TheEdit andDelete buttons are only available whenan item hasbeenseleted.
Neither Edit, Delete nor New are available when ary declaation is in the process of being
edited; thatis, the usercanonly carry out one modificaion at a time. All dedaration windows
which modify the undelying formal theory of the statemachineare disatled during animaion
andproving - thisis clearly essetial to maintan theintegrity of the proof sysem. Thedechratin
window broughtup by Property DefinitionsistheProperties Manager window, in which
the user storespropeties definedin the formal statemachinetheoly for analsis in the Proof
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sessdn. This is the only dedaration window which doesnot modify the formal statemachire
theory, andindedl it is available in the Proofmodeaswell asthe Edit mode.

The Edit button will invoke an editor window for the currently seled¢ed declratian. The
editor window may differ slightly from onedefinition category to anotter, butin gereralit allows
the userto specify:

e anew namefor thededaration,
o thedefinition for the declaation, and

e adesciption/comment.

Editor windows alsofeatue threebuttonsatthe base Close (whichretairs the declaationasthe
userhasdefined it, regardessof its validity), Commit (which attemptgo pars the definition, and
warnstheuserif thedefintion is invalid), andCancel, (which discardsany modificatonsthatthe
userhasmade,andclosesthe window).

Thedeclaation's statuss affectedby whathappensduring editing, andthe valueof thedecla
ration’s statts is displayedin the areamarked Status onthe declaationwindow. The statts can
beoneof thefollowing:

e unchecked: The userhasdefinedor modified the declaation, and hasclosedthe editor
window without attemptng to parsgcommitthe declration. By default, unchecked decla
rationsareshavn in blad italics.

e checked: Theuserhassuccesfully parsel/committedthe declratian sincethe last modifi-
cation. By default, cheded declaations areshownin blue, plain font.

e invalid: The userhasattemped to pars¢gcommitethe declaation, but the definition was
found to beinvalid. By default, invalid declaations areshownin red, bold font.

Notethatit is only possble to compilethe stae machine(required prior to animdion or proving)
whenall the declaationshave beenchecled. The provision of unchecked or invalid declaations
supprtsamorelenient userinterface,in thata statemachire canbesavedfor furtherwork without
having to be compleely well-definad, andcertan declratins (such astranstions) caneasily be
written without all their congituent partshaving to be pre-defined. However, the useris strorgly
encairagedto commit most dedarations, particularly thosebuilding blocks suchas typesand
variades which may be referred to by othe declaations asthey arededared. Otherwise eat
declaationwill needto be parsedsefaratel prior to carrying outcompiation. Theability to store
uncheckedor invalid definitions—simply by closing theeditorwindow —hasonly beenprovidedso
thattheuserhasthe capaity to work in amoreflexible manne; if abused,theuserwill ultimately
find thattoo muchflexibility may not pay off.

To definea new declaation, the usermustactivatethe New button, which invokes an empty
editor window, in which the useris required to enterthe name,definition anddesciption for the
new dechratian. Note thatdeclaation namesmustbe free of embeded white space A further
consderaion is that— dueto a bug in the Linux opemting systen — idertifiers with a length of
exactly 12 chamactersshoud beavoidedby theuser Thisis arecommendtionwhich shoud apply
evenwhenLinux is not being used,in theinterestsof maintaning the portability of statemachire
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desigis. Oncethe new dedaration hasbeen defined,the usermay eithe commitit immediatey,
or elsestore it for lateruseby closing thewindow, asdiscusedabore.

Thecorred definition for adeclaationwill depend onits category. For example,congantsand
varialles are definedsimply by an appiopriat type. The transtion definition is moreinvolved,
asdiscussedin Sectian 4.3, The requred syntax for declaatiors is that the basic“words” are
strings of alphanumericcharaters and underscoes, which mustbegin with a letter Namesof
type abbreviatims, varialdes, constants andall the elementawordsin their declratians, are of
thisform. Theserulesaresummarizedatthebeginning of Section4.4. Thefull synta for defining
DOVE statemachiresis furtherexplainedin Appendx B.

Initiali sation startsup adialog box to entertheinitial statefor execuions of the statemachire,
andtheinitial prediatewhich ary initial configuration mustsatidy.

Type Declarations start up a dialog box to defineabbieviations for the types of variadesand
congants. All Isakelle/HOL typesand type construcbrs are available. Somesimple examples
include:

¢ bool: theBooleantype of truth values;
e nat: thenaturd numbes;
e nat list: finite lists of natual numbes; and,

e nat => bool: functionsfrom natual numbesto truth values.

For moredetals seethereferencemanuallsabele’s Logics: HOL [11] in thelsabdle distribution.

Datatype Declarations startsup a dialog boxto definethedataypes Datatypesarethelsalelle
versian of familiar construcs suc asenumeréed daia typesin proggamminglanguage, Z free-
types or stardard datadypesin ML. Any Isakelle dataype canbe enteed. An exampleis the
simpleenumeatedtype Colour introducedin thetutorial in Secti;4.5below A moregereral
exampleis thededaration of "a 1ist, finite lists with elemerts of arbitrary type ’ a.

’a list=Nil|Cons ’a(’a list)

Thus,thelist is defined iteratively to beempty(theelemenNil), or obtairedfromit by prepending
elemens of type ’a. For moredetals seetherefererte manuallsabdle’s Logics: HOL [L1] in the
Isabédle distribution.

Constant Declarations  stars up a dialog box to definethe condants. Eachcorstanf mustbe
givenatype— oneof the available Isabdle/HOL types, or oneof the dataypesor type abbrevia-
tions previously declaed. The correspording rules definingthe function areenteedin theRule
Definitions itemof theDefinitions menu(asdiscussedelaw).

SHerethe word “constant”is usedin the programminganguag sense- the constantcanhave ary type, it simply
doesnt change duringthe evolution of the statemachine.Thatis, it hasno depené&nceon the configuration.Thisis as
opposel to a“variable”,whosevaluechangsdepanding on the configuration.
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Other Declarations stats up adialog box to defineary otherML codethata usermaywish to
be addedto the .thy file. No intermediateparsirg will be carried out on this code so errars will

notbepicked up until the statemachinetheay is being loaded(which occus during compiléion).
Thisis anoption for theadvaneduser i.e.,somemewho is familiar with the useof bothML and
Isabdle. To “register” asanadwaneduse, thevariable 'advanced’in configs/config.tcl (or
theusers own copy of config.tclin $HOME/isabelle/etc) shoul besetto 1.

Rule Definitions startsup a dialog box to enterthe namedruleswhich definethe consantsde-
clared in the Constant Declarations window. It is usualpradice in Isakelle/HOL thatthes
rules aresimply definitional rathe than axiomswhich extend the undelying logic. This is ex-
pectal, thoudh not enforced,in DOVE.

Heap Declarations starsupaHeap Variable Declarations dialog box to definethe heg
variades. Eachvariable mustbe given a type, one of the available Isakelle types or one of the
dataypespreviouslydechred.

Input Declarations startsup an Input Variable Declarations dialog box to definethe
input variabdes through which the stat machire communcateswith extemal entities; i.e., the
inputs of the ervironmert to the stae machne. Eachinput must be given a type, one of the
availablelsabdle types or oneof the datatypespreviously declaed.

Transition Definitions stars up adialog box to definethe transitions which areass@iatedwith
theedgesof the statemachine Thedefinition of atranstion consigs of thecondtion underwhich
the transition ocaurs, and what happgenswhenthe transition occus. This is explainedin more
detal in Sectiord.3. Thereareanumberof pointsworth noting here.

e Eachedgeon a statemachinegraph musthave a transtion asseiatedwith it; however,
severd edgescan have the sameasseiated transtion. A given edgelabd is actually the
nameof the asso@tedtransition. Thus,it is important to keepthefoll owing in mind when
renaming edgegtranstions:

— If severd edges have the sameabel, thena changein the transtion definition (via the
editing window of the dialog box) will affectall of them.

— Similarly, if anedgeis renamed(as discusedin Sectim4.1.3, thenthe transtion
definition of the old labd is no longer usedin the stakt machne. If the nev name
coincideswith that of an existing transtion thenthis is the transition now asseiated
with therenanededge Otherwisethetranstion solabdled is notyet defined

— Themethal of renamirg the actud transtion in a given statemachineis explainedin
Section4.3.

¢ Selecthgatrarsitionin thedialogbox slist of defined transtionscau®sall edgesasseiated
with thattranstion to be highlighted.

¢ Corversely doule-clicking on an edgeof a stae machinegragh will bring up the editing
window of the correspomling trarsition, or for anew transtion if none hasbeencreatel yet.
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Property Definitions stats up a Properties Manager dialog box to define the properties
which areto be proved in the analsis of the statemachire in a later proof modesessbn. As
mentioredearlier, this is the only declaationwindow whichis availablein amodeothe thanEdit
mode-it is available in the proof mode.lIt is alsospecal in thatit hasanOptions menu.

TheProperties Manager is accessiblein Edit modesimply for inputting the degred stae
machire properties— thereis no dired interaction with the Prover available in Edit mode. This
“properties view of the statemachinecanbevery corveniert for theforma desgn, wherea sub
setof propeties can play the role of formd specfication for the machine Thus, having these
available befare ary statemachineanalysis is attemptedis usdul. Hereit is worth just noting
that the functionality asa declaation window interection is essatially the sameasall the oth-
ersdiscussedabove. However, to utilise propeties effectively the userneedsmoreinformation.
To this end, Chapter6 gives considerdly more detal on the useof the Properties Manager
window. Moreover, propertiesper searealsodisaussedelsewherea geneal disaussian on stae
machire propetiesin Section2.7; there is adiscussionof how to go abaut formulating properties
in Chaper 7; the exactsyntax for propertiesis presatedin ApperdixB.

Include Theories brings up a very simpletext-entry window in which the userrecodsthe Is-
abelk theay files on which the statemachire theay depens. As statedon thetitle bar of this
text-entry window, the theoly files areto be enterel sepaatedby (atleag one)white space

LiketheOther Declarations option above,thisis afeatue includedfor theadvanceduser
The theolies to be included may have beenbuilt earlier by the user or taken from somepub-
lic/private exterral source or be part of the Isakelle’HOL soure directory of theoiies. They are
typically theaies which include theoremsto allow reasming abaut objects in the stae machire
theory. An examplewould be atheay of atiming-clock, which could be includedin anelalora-
tion of the TrafficLights example; or a theory of enciyption/decryption which coud be included
in astatemachineanalsing secuity protocols A morepedesrian exampleis thetheaiesof real
numbesin the Realsubdrector of the HOL source directory of the Isalelle distribution. In this
lastexample onewould type the absdute pathnameof therequredfile; eg,

$ISAHOME/Isabelle99/src/HOL/Real/RealDef. thy

where$ISAHOME derotesthe appr@riatedirectory in theusea’s sysem.

4.2.5 Other displayson the menu bar

BetweentheDefinitions menuandthe modebuttons— which have beendisaussedn Sec-
tion 3.3—is thegrid sizedisplay, which shavs the currentgrid size Whenclicked on with mouse
button 1 a pull-down menucontahing someof the more commonlyusedgrid sizesis displayed,
thusallowing the userto quickly change grid size.

Finally, theHelp menucontainsthree options:

e About: dispaysaninformatioral/welcomewindow for DOVE.

e User Manual: stars up Acroba —if it isn’t alread/ running — anddisplaysthe PDFform
of thisusermanual
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e Logging: dispays logging messagg, which canbe usedasa report to the development
teamif DOVE exhibits any unusualbehaviour

4.3 Transitions

As mentioredin the lastsectbn, ead edgeon a statemachine graph correspond to a transt
tion of the statemachine The definition of a transtion in DOVE conssts of threeparts;namely
in the order they mustappearif usedin the definition, the Let declaation, the Guard (or precon-
dition), andthe Act (or action list). Their useis explained in the following sulsections. A Let
declaationis optional, either or both of the othe's canalsobe omitted but the choice correponds
to aspecificdeclaationstatemeh Theelemenal words(variablenamesandthosemakingupthe
expressionsin thedifferenttranstion definition parts)have the syntax summarizectthebeginning
of Section4.4.

4.3.1 The Let declaration

The Let dechratian introducesloca variades—i.e., varidblesonly definedinsidethe currert
transtion — to abbreviate expresionsin the GuardandAct sectons of the curenttransition defi-
nition. Thisis clearly anoptional partof thetrarsition definition. An exampleof aLet declratian
is:

Let: templ « (x + y);
temp2 « (X — y);

TheLet keyword identfies the beginning of theLet dedaration. Thekeyword is thenfoll owedby
ary numberof locd variale declaations. Note tha having eachassigimenton a new line is not
required, however the semicobn assgnmentsepaatorsandterminator mustbe written.

The « is theassigimentoperaor. Onits left-handsideis the nameof the new local varialde,
andontheright-hard sideis theexpresiondefining thevalue of thelocd varialde. Thisexpresson
candepad on the namesof local variables definedearier (i.e., higher in the Let declaation —
thusordeing of the assigmmentscanbe importart. It canalsodependon any of the varialdes or
congantsdefinedin the statemachinetheoly. Theonly restiction is thattheresuting expresson
have the correct typefor thelocal variable to be usedasdesred.

4.3.2 The Guard declaration

The Guard(or precadition) is a Booleanexpression(predicate over the memory including
ary variadesdefinal in the Let declration part. It setsthe condtion unde which the transtion
is enalded. An exampleof a precandition is:

Guard: (x=0)or (y<1)
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The Guard keyword idertifies the startof the precandition. DOVE will aceaeptdefinitionswhere
the precondition is omitted(i.e., the entire Guard statemetincluding the keyword is omitted), it
simply assumesthatsuchtransitions areenabkd,andhenceareequvalentto the precondiion

Guard: True

Theusuallogica operatorsareavailablefor usein thedefinition of the precondtion. Thenotaion
is: =, <, neq, and, or, Not, Implies. Temporalopeatorscanrot beusedfor transition definitions
in DOVE statemachnes.

4.3.3 The action list declaration

An action list is asemicobn-se@ratal andsemicadon-terminatedlist of assgnmentstatanents
which areapgied in paralel: the order of assigimentsis immateral, andall occurat the same
time. It is anoptional partof the transtion definition. An exampleof anactionlist definition is:

Act: X « v,
y < 1,

The Act keyword idertifies the startof the actionlist declaation The keyword is followed by
ary nhumberof heapvariable assgnmens separged and terminaed by semicdons, the synta
beingsimilar to thatfor the Let dedaration (however, the ordering of the assigimentstateanents
is irrelevantasmentiored above). In particular, the assigred expressioncandepend on any of the
varialdes(including locd variablkesdefinedin theLet dechratian) or congantsdefinedin thestae
machire theory Theonly restiction is thatthe resuting expression have the correct type for the
assigimentto the givenheapvariableto make sense

DOVE will accepta definition wherethe actionlist is omitted (i.e., the entire Act statemen
including the keyword is omitted), it simply assumeshat no change of stateis intended. This
would be madeexplicit as

Act: Skip;

4.3.4 Editing, deleting and renamingtransitions

A transtion which correspondto a particular edge canbeeditedor createl by double-clicking
ontheedee.

To deleteatransition, it is first necessaryto delee all correpondng edgesfrom the stae ma-
chinegraphasdescibedin Sectiont.1.3 Having dorethis, thetranstion definition canbedeleted
by bringing up the dialog box of the Transition Definitions option of the Definitions
menu. Selectirg the undesiredtranstion, it is removed by clicking on theDelete button. If the
edgeis not deleta first, thenDOVE will simply respnd by staing tha thetransitionis in use

To actualy rename a transition in a given stae machineone shauld not simply relakel the
edge Rather the renaning shoull be dore in the Transition Definitions option of the
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Definitions menu. Oncea transtion hasbeenrenamedin the dechtion window, it will also
berenamedon the statemachire graph

To summariserulesconcening theediting andrenamingof edgesonthegraphareasfoll ows:

e Whenthe use doule-clicks on anedgeon the graph the Transition Editor appears, eithe
for atrarsition of thathname or for a new transtion of thatnameif notranstion hasyetbeen
dechred. This is the sameTransitions Editor that can be invoked from the Transition
Definitions Window:.

e If theuserrenameghe transtion usingthe Transition Editor, all the edgeswhich wereas-
sociatedwith thattranstion will alsobe renamedautomaically, in addtion to the currently
selectededge.

e To assotate an edgewith an existing transtion, the use shoudd edit the namedirectly on
thegraph (i.e. without the help of the Transiion Editor).

e If the userdouble-clicks on an edgein order to invoke the editor, and renamest to an
existing trarsition, this shauld producean error, sinceif an attemptis madeto do this for
anedge which is not yet asso@tedwith a transtion, the definition anddesciption for the
existing transition will belost.

Notethat dueto abugin theunderlying Tk graphical mechaisms,it is possble to edit alabd
onthegraphwithoutit actualy being "in focus”; i.e.,theuserwill be ableto passthe mouseover
theedge(which togglesthecolour to the seletedshaat), move themouseslightly sothattheedge
apparsto be unslectal, and may find that the cursoris still waiting for input within the label.
However, this featue is merelyanoddity andshoud notcaus ary problemsduring statemachire
input.

4.4 Mandatory elemens of state machine design

Therearea numberof requirementsfor spedfying a stat machinein DOVE sothatthe ani-
mationandformal verification implemenationswill be consistent. The correspondng rulesand
checls areall very simple However, DOVE doesnot enfore themall automaically, but rathe
providescheckng mechamsmsfor idertifyin g fatd violations. Many local syntacticerrorswill be
identfied by the various dataentry boxes and global syntactic errars are identfied by the menu
item Check/Compile. A de<ription of the possble diagnostic messagsis givenin AppendxD.

The usershoud be careful to follow the rules descrbedin the following subgctiors during
the constuction process.

4.4.1 Theidentifiers

All namesn DOVE arestrings of alphanumerc charatersandundescores, which mustbegin
with aletter. Thefull syrntaxfor defining DOVE statemachiresis furtherexplainedin AppendxB.
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4.4.2 Rulesfor initialisation of the statemachine

Theremustbe aninitial stae chosn. The chace is enteed via the window invoked by the
option Initialisationin theDefinitions menu.

4.4.3 Namingrules

M1 Nodesmusthave distinct names Thisis dueto thefactthatthe namesof nodes representhe
states of the machire.

M2 Eachtype, dataype,constat, andvariade musthave a distinctname.

M3 Thenametransition is resegved andmay not be usedto nameatype, dataype, constant,
or varialde.

Violations of M1, M2, andM3 areidentified by the Check/Compile opeation

4.4.4 Declaration and type rules

M4 Each(non-gandad) type abbreviationapperingin a constant,or variable declaation must
bedeclaed.

M5 Eachconsant, or variade appeaing in a transition definiion mustbe declaed (the syntax
for transtion definitionsis discussedn Sectiort.3).

M6 Eachconstant,or varialde appearingin atranstion definiion mustobey thetyperulesfor its
dechredtype.

4.4.5 Checkassignments

M7 No input varisblesshoutl beassgnedto in thetranstion action.

M8 No local varigble, introducedin a transtion’s Let declaation, shoud be assighedto in the
trarsition action.

M9 No heag variale shoud be assigiedto twice in the sametranstion action

In the actionlist of a giventranstion definition in the DOVE statemachire model,heapvari-
ableassgnmentsoccurin paralel. DOVE does not enforcethe distinctnessof assigiedvariales:
if a heg varialle is assigiedto morethanonce in an action, thenthe DOVE tool will choo®
one assgnmentor the other but the desgner hasno way of prediding which (exceg through
animaton or proof).
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4.5 Tutorial: construction of TrafficLights

In thistutorial theuserwill corstructafew of thepossble statesandtheir linki ngtranstionsin
the TrafficLights statemachine whichmodektraffic lightsataN/SandE/W intersectian. To profit
from it, thereadershoud have atleastscamedChapte2. If atary stagethereis somecorfusion
with the tutorial, or an appaent error, the use shoud easly be ableto rectify the probdem by
comparson to a full TrafficLights sessbn which may be stated independetly as descrbedin
Section3.1

It is assumedhatthereade hasthe DOVE tool appropriaely setupasin Chaper3, andisin a
working direcory TrafficLights —whichincludesthefile TrafficLights.smg—asdiscused
in the preanbleto Section3.2. In thefoll owing, the commar-line promptis denoedby the > at
the beginning of the commandine. Also, in commonwith the restof the manu# grammatica
notaion will notbeincludedin commandines.

Openanew DOVE ses®n. As explainedin Section3.1, this is doneby typing

> dove

A blank, grey, grid-pattenedcarvaswill appea on the screen This is the DOVE statemachire
window which is usedfor desigiing the machire. The userwill noticethat the “pencil” icon on
the menubaris blue, wherea the othericons aregreen. This indicatesthat the DOVE sessbn is
in ediing mode.

Theuse will now desig thefirst threestaesin oneof thecycles of the TrafficLightsexample,
whichrequresjustasubse of the attributesnealedin the morerealstic model Firstthetopology
of threenodesconrectedin a line, with appr@riatelabds, is constucted Thensomedatatypes
areintroducedto modelthelights— not surgrisingly, thes will bethecolous of thelights andthe
diredionsof theintersection. A consantis requred to derotethe maximumnumbe of carswhich
canbewaiting in ary givendirecton afterwhich thelights mustchang. It hasthetype of naturd
numbes. Also, a heapvariable mustbe introducedfor eachmachineattribute of interest. In this
sessbn, the attributesof interestwill be a variable which encodsthe colour of agivenlight, and
avariablewhich encoaswhich diredion waslastgreen.Input variablesareintroducedto encoc
theernvironmenteffect. In this ses#n thesewill bethe numberof carswaiting ateachof thenorth
andsouh lightswhenthey arered. They have thetype of naturd numbes. Finally, theiniti alizing
transtion requresthatall lights arered,andthe next transtion will correspondto the E/W lights
chargingto green.

4.5.1 Topology

Thefirst stepin the desgn is to congruct the topology of the machine This will involve the
creaton of two nodesdexendng in an evenly-spacedine from nearthe middle of the carvas,
followed by the creatbn of edgescorrespomling to transitions, conrecting thosenodes. This is
doneasfollows.

- Click with mousebutton 1 nea thecertre of thecarvas. A nodewill appar, with thedefault
labd Node. Notice thatthe node hasa radiusof onegrid unit. At this point, the userhas
already corstrucedthetopdogy for avalid (althoughnot very interestirg) statemachne.
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- Similarly, crede a secand node,abou eight grid units apat on a direct vertical line down
from thefirst node.

- Now click andhold mousebutton 1 at (just inside) the bottom of the first node anddrag
the arrowv which appeas down to (just inside) thetop of the secom node. On releasingthe
button, the edgejust creaedwill snapto thegrid, with the defaut labelEdge.

At this point, the statemachine shoul apper asshavn in Figure4.2. Note thata node hasfour
“vertices”to which edgescanbe attacted, which apper at the “compassoints” of thecircle. In
this languagethe souh vertex of the first node hasbeenjoined to the north vertex of the secom
node

If anadhernodeor edgewasaccidently create, then it maybe deleedasfollows.

- Putthemousecursr on the offendng nodeor edge(crede oneif thereisn't alreadyone).

- Holding the Contrd key down, click with mousebutton 1. Note that, befare clicking, the
mousecursor turnedinto a “skull-and-crassbores”. After clicking, the objectis deletel.

4.5.2 Moving graph objects

If the layou of the graph is not as desiral, the nodes and edgescan be moved. Move the
secom nodeto the sameheight asthefirst nodeandabaut eight grid unitsto its left asfollows.

- Putthemousecursor onthesemndnode.

- Click andhold mousebutton 2. A red shadng will appeararound the othernodesandthe
edges. This derotestheregion into which the secand node canrot be moved.

- Dragthesecamd nock to the required posiion abou eightgrid unitsdiredly left of thefirst
node, andreleag the mousebutton. Notice, asshovn in Figure4.3, thatthe joining edge
shays to the grid, but its startandfinish areunfortunat in thatthey do not allow it to take
the shotestpath.

- Click with mousebutton 2 on the headof the arrowon the north vertex of the secoml node,
anddragit to the eastvertex.

- Dragthetail of the samearrowfrom the southvertex to thewestvertex of thefirst node

4.5.3 Labelling graph objects

Now the stateandtransition labelswill beassiged. Labelthetop cental node (thefirst nodg
asAllRed, thenodeto theleft of it asEWGreen, andthejoining transtion asEWChange. Thisis
doneasfollows.

- Movethemousepointe to beinsidethenodewhosenameis to bemaodified. A text-insertian

cursor will now blink at the end of the label. Deletethe defaut labelNode andrepaceit
with thedesred label, usingthe keyboard.
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Figure 4.2: Thestatemadine segmentinitially.

- Relabé all the nodes to the namessuggestedabove.

- Now move the mousepointer onto ary partof the edgeleadng from A11Red to EWGreen.
This edgeandits label will turn blue, and the blinking text-insertian cursor will appear.

Change the defaultlabelEdge to EWChange.

Themachire, which shauld appea asshowvn in Figure4.4, is now readyfor definition.

45.4 Machine definition

Now the machire attributesmustbe declaed andthe transtions defined,for which purpose
theoptionsundertheDefinitions menubutton areusal. Ourtheay will usejustthe basetypes
of Isabdle, soignorethe Type Declaration option. Declaiations mustbegivenin seserd of the
remaining optionsto reproducethe attributesdiscussedabove.

Before proceediry, it may be uselll to realize that declratians (for ary of the declaations
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Oriented Werification and Evaluation

Figure 4.3: Theeditedstate madine sggment.

windows brought up by the optionsin theDefinitions menu)aredisplayeddifferently, depend-
ing on whethe they have been parsedcorrectly, parsed andfound to be invalid, or not parsedat
all:

- If thedeclaationhasnot beenparseal since its lastmodification, its nameandstatis will be
displayedin bladk italics, andits status will belisted as“UNCHECKED?”. In this case the
userwill beobligedto committhe dedaration prior to compilaion, animatian or proving.

- If thededaration hasbeenparsed andwasfound to be corred, its nameandstatws will be
displayedin blue, plain font, andits status will belistedas“OK”.

- If the dechratian hasbeen parsel but wasfoundto be invalid, its nameand staus will be
displayedin red,bold font, andits stauswill be settherelevanterror message
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Oriented Werification and Evaluation

=

Figure 4.4: Thelabéled statemadine sgmen.

4.5.4.1 Datatypes

Declaretwo dataypes Colour, which canbeRed, Amber or Green; Direction, which can
beEW or NS. Thisis doneasfollows.

- Pull down the Definitions menuand select Datatype Declarations (selection will
alwaysbe donewith mousebutton 1), to bring up the declaationwindow.

- Click onthebutton labelledNew, caushg anemptyeditor window to appear

- Putthemousecursa in the Name text-entry field of the dialog box which appers,andtype
Colour.

- SinceColour will beasimpleenumeatedtype,thereis noinput needel in theParameters
text-entry field.

- TypeRed | Amber | Green in thetext-entry field labdled Definition.
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A commenimay (andshoud) beinseatedin the bottom text-entryfield.

Click on the button marked Commit in the editing window. If thereis anerrorin the defi-
nition, the editing window will remainvisible, andthe errorwill berepatedto theuser If
the declration hasbeenenterel correctly, the new datatypewill be acepted,andwill be
dispayedin theDatatype Declarations Window bluewith aplain font.

Similarly, ente thedatatypeDirection andits allowedtypesassuggestel above.

Click ontheClose button atthe bottom right to closetheDatatype Declarations Win-
dow.

4.5.4.2 Constants

Declarethe condantMaxCars of typenat. Herenat is the Isabele bas type correspondng
to natual numbers Do this asfollows.

- Selectthe Constant Declarations option of the Definitions menu,thenselet New
andinsat thenameMaxCars in thedialog box which appears— all asbefare.

- Typenat in the text-eniry field labeled Definition. Againinserta commentf desire,
click onthebutton marked Commi t in the editing window, andthenClose.

NotethatMaxCars, the maximumnumberof carswhich canbewaiting in ary givendiredion
afterwhich the lights mustcharge, coud be givena particular numerica valuevia a namedrule.
Let's setMaxCars to be 3 asfollows.

- SelecttheRule Definition optionof theDefinitions menu,then selectNew andinset
thenameMC_three in thedialog box which appears.This is the nameof therule.

- TypeMaxCars = #3in thetext-entry field labdled Definition. Againinsertacommentf
desred,click onthebutton marked Commi t in the editing window, andthenClose.

Anothea way of dealng with the traffic lights situation would be to give preferentid treat
mentto the NS direction. To do this we would introduceinstea a constantFMaxCars of type
(Direction =>nat). Wecoud thenhave therule FMaxCars NS which sets(FMaxCars NS) to 1,
andtherule FMaxCars_EW which sets(FMaxCars EW) to 3. Alternatively we could have a single
rule, FMaxCars_def, with definition (note that % is the Isabdle syntax for lambda-absraction,
while theif-then-ebeis Isabele HOL syntay

FMaxCars=(% d . (if d=NS then #3 else #1))

This is a good example to showv that the word “constant” shodd be taken in the programming
languagesensé
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45.4.3 Variables

Declaresomeof the heapandinput variales of the traffic lights system, in the sameway as
declaing congants:

e seletHeap DeclarationstodechretheheapvariablesELight, WLight,NLight, SLight
—all of type Colour — andthevarialde LastGreen of typeDirection.

e select Input Declarations to declretheinput variadesNCars andSCars of typenat.

4.5.4.4 Initiali sation

An initial statefor the statemachire execuions mustbe defined In this case it is the stae
called A11Red. SelectInitialisation from the Definitions menu,enta the nameof the
initial state,andtheinitial condtion:

(NLight =Red) And (SLight = Red) And (ELight = Red) And (WLight = Red)

45.45 Transitions

Sincean edgenamedEWChange hasalrealy beendefined a correponding transtion of the
samenameneed to be creat@. Thedefinition for this transition is:

Guard: LastGreen = NS

Act: ELight « Green,
WLight < Green,

Thedefinition canbe enteedasfollows:

- Pulldown theDefinitions menuandselect Transition Definitions.

- Presghebutton markedNew, whichwill resut in anemptytranstion editorwindow appear
ing.

- Putthecursa in the text-entry field of thewindow labeled Name, andtype EWChange.

- Now typethedefinition — Guard: etc,precigly asit apparsabose —in the text-entry field
of theediting window labdled Definition.

- A commentshoul beinsetedin the bottom text-ertry field.

- To checkthat the definition hasbeenenteed corredly, click on the Commit button of the
editing window. If there is anerrar in the definition (note that the semicobnsin the Act
statenentmustbe written!), the editing window will remainvisible, andthe error will be
repated to the user If, however, the definition parse correctly, the editing window will
be dismissél. Alternatvely, the usermay choo® to parsethe declaation at a later date,in
which casethe Close button shoul be usel to close the editorwindow.
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The editing window for a spedfic transgtion can be invoked by preséng the button marked
Edit onthedechration window, or by double-clicking onthenameof thetranstion, or by pressng
theReturn key whenthetranstion is seled¢ed, or by doule-clicking on the correponding edge
of the statemachinegraph.

4.5.5 Renamingatransition

Theuseris now well on the way to desgning a statemachine modelof traffic lights. Indeed,
the statemachinecould be compiled at this stage by selecing the Check/Compile option of the
Edit menu.

However, there is oneobvious prodem with the model- the nameof thetranstion. Certainly
a full modelwould ned transitions wherethe E/W lights turn amber andred. So, the secoml
transtion shauld be distinguishedfrom theseby a namesuchasEWChangeGreen. To malke this
charge:

e SelectTransition Definitions from the Definitions menu,select EWChange from
thedialog box which appers,andrenanethetrarsition using the editar window.

Changethe nameof the transtion to EWChangeGreen using this approach. Notice that all in-
stan@sof thetransgtion namehave beenchargedappr@riatdy, eventhelabelonthe statemachire
graph

Note: the usermay think thatthe statemachire graph canbe edited directly, asexplainedin
Section4.5.3 by simply relabdling the secand edgeto the desirel name. This is incorrect. To
seethis, charge the edgelabel (which shoud now readEWChangeGreen) to EWChangeGreenl
diredly onthe graph andthendouble-click on the newly-relabeled transtion to find thatthere
is none suchwhich hasbeendefined! Moreover, select Transition Definitions from the
Definitions menu,andseethatthe nameof the definedtranstion hasnot been charged. So,
invert this procedureto resorethelabd to EWChangeGreen.

Finally, compilethe statemachineby seleting the Check/Compile option of theEdit menu.

4.5.6 Saving and reloadingthe statemachine

Having gore throughthis exercise (hopefully feeling thatin factit wasremarlably easy) it is
nice to save andappeciatethe resut. To save the stae machinewhich hasbeenproduced,seled
theSave As optionfromtheEdit menu.Selectaname0.smg—where0 doesnotalreadyappea
in theworking diredory — suchas(this namewill be assumedbelow) TLSegment . smg.

Thefile TLSegment.smgnow encodasthe stae machinesggmentdefinedabore. Thus, for
example it canbe loadeal directy to begin a new sessbn. Do this by selecting the Load File
optionin theFile menu,andthenselectTLSegment . smg in thedialog boxwhich popsup. Notice
thatthefile is loaded without askingfor confirmation. Alternatvely, the usercould first clea the
current sessbn — andsorestoe theblark carvas— by selecing the New option in theFile menu,
andthenreloadthefile asjustdescibed Userconfirmatonwill berequredif the currentstateof
the statemachinegraphis not savzed—to seethis, deletethe“d” in thelabd A11Red andrepedthe

49



DSTO-TR-B49

50

above opeations(pressCancel onthedialogbox). Now, to restae the stae machinegraphto its
previously-savedstae, choosetheRestore optionin theFile menu(andthistime pressoK).

To savour theresuts the usershoul select the Create Documentation option in theFile
menu.If the machinecompiation suceedsa pdf doaumentaton file for the statemachire desig
will be producedautamatically. If the compiation fails the userwill be promptedwith theerrars,
andasled whetherthe documentaton shoud be createl. If so,the desgn to date— includingthe
errormessags— is recodedin the pdf file.
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Chapter 5

Animation

The Animator displays the chargein the valuesof the stae machinés variablesalonga chose

executon path. In DOVE, animatims for a given stae machire are carried out directly on the

correspondng statemachinegraph The use seleds a startstae for the animdion by clicking

with mousebutton 1 on the desied node,andproceedsstep-wi® through clicking similarly on a
chosen pathof intermediateedgesto the desied finish. DOVE hasa corvenientcolou scheme,
discussedbelaw, thatvisudly aidsunderstamnling. The chosen startnode does not have to bethe
initial stateof the stake machineinitialisation!

DOVE alsoallowsthe use to store animatons,which maythenbe savedto disk along with
therestof the statemachne parametes, to beretrievedin later DOVE ses#ns. It is alsopossble
to load ananimaton from atext file written in a specificformat - this will enalbe DOVE to pick
up animatedsequacesprodwcedby other processes.

The“hands-on” reade may wish to move quickly to thetutorial sesgon in Sectiorb.4, refer-
ring to earliersedionswhenrequred.

5.1 DOVE window display in animation mode

The Animator is enteed by clicking on the “runner” (animation mode) button (see Fig-
ure 3.2(b)) of the DOVE stak machinewindow menubar. This brings up two windows, assee
in Figure5.1andFigure5.2, in addtion to a new setof graphical objects attaceddiredly to the
baseof the statemachire graph. Thelatterareknown asthe Animation Contrds. The useof the
two windows andthe Animation Contrds is explainedin the following subsetions

Before the charge to animatbon modeis actudly enated, DOVE automaically calls the
Check/Compile option (from the Edit menuof the stae machinegraph window). It is not pos
sibleto startananimdion of a stat machire theory with fatalerrorsin the ensung diagrostics If
no fatd errars arefound, the correspondng diagnostic window will autanaticaly disagpearin a
few secomls.

51



DSTO-TR-B49

52

I Watch Variables I
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Figure 5.1: TheWatch Variableswindow

5.1.1 The Watch Variable window

TheWatch Variables window (seeFigure5.]) is usedto seled the variablesto be tracked
during theanimaion. It contanstwo setsof lists - onefor the heapvariadesandonefor theinput
variales. Thelists ontheleft contain all the variadesdefinedfor the current statemachine while
thoseon theright contan those selecedto bewatchel during the animaton. The buttonslocated
down thecente of thewindow areusedio addandremove variablesfrom theright hard “watched”
lists. Note that addition or deletion canalsobe achiered by double-clicking on the namein the
apprqriate window. In theexample sesgn from TrafficLights shawvnin Figure5.2, theheg
variades AmberTimeOut andLastGreen have been addedto the watchedist.

5.1.2 The Animator window

The Animator window displaysthe informaton of the currert animation. The chosa stat
stateis shownaswell asthecurrent stae along the chasenedgepath,colour-codedto thegraphcal
display aswill be explainedbelow TheHeaps box containsthelist of heapvariablesselectedin
theWatch Variables window, andtheir valuein the current stateof the animaton is displayed
oppasitein the Values box. Likewise,the Inputs box shavs thelist of currently sele¢ed input
varialles,andtheirvalues.ThePath Condition boxshowstheaccumuétedcondtionsfromthe
transtion precanditions along the chosenedgepath asexplained further in the next subsectio.
Finally, aDescription areais provided at the baseof the window, sothatuses cankeeptradk
of their various animatons by providing commentsto be ass@iated with them, in additon to
desciptive names.A comments enteedin theDescription framevia the dialog box invoked
by the Store option underthe File menuof the Animator window — asexplainedin the menu
decription below

Theuseralsohasthe option of specfying valuesfor variades:

¢ only initial values may be spedfied for heapvariables, whosevaluesin later stegs of the
animaton arederivedfrom the transition actions;
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Figure 5.2: DOVE display after onestepin an animation.
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¢ insation of initial valuesfor heapvarialesmustbe donebeforeproceedirg to definea new
animaton —in paricular, befare the choice of the stat state;

¢ input valuescanbespecfied atarny stage-input variadesmodelchargesin entitiesexternd
to the stake machine andthusmay be modifiedat arny point during the animaton.

To inset the desied value the userneed simply double-dick on the value of the correspondng
varialde, typetherequiredvalueinto the dialog box whichis invoked,andpressthe OK button. At
this point the new valuewill be suljectedto somesupeficial parsng. Note that numericvalues
mustbe prefixed with the # symbol asthis is the way they arerecagnized by the Isabele prodf
tool.

The*watchal” variale list canalsobechargedatary stage asexplainedfurtherin Sectio®.3
alongwith the otherfeaturesof the Animator menus.

5.1.3 Path conditionsin the Animator window

ThePath Condition box shows the accunulatedcondtions from the transtion precandi-
tionsalong the chose edgepath. Thesecondiions deteminewhethe the chosenpath is a posst
ble traceof the statemachineexecttion; i.e., for the statemachineto be ableto executethechose
seqenceof transtions from the startstateto the currert statein the animaion. If so,thenall the
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predicateslisted mustevalude to truein the stat stateof the animaton. The predcatesarelisted
in order - thusthey areaddedto the end(bottom) of thelist in ananimaton step

The Animator appliessomelogical simplification rulesto theaccumuatedpathcondtion. In
particular, if the userattemps to activate a transtion whoseprecondtion fails, the pathcondtion
will evalude to false,andassuchwill bedispayedin thePath Condition boxasFalse.

5.2 Animation via the statemachine graph

The animatbn is driven by mouseopeatiors, directy on the statemachie gragh dravn on
the carvasof the DOVE stat machnewindow. The statemachire graph atarny givenmomentin
the animaion, will have a greennodesignifying the startnodeof the animation,anda red node
signifying the currentstae of theanimation (thatwhich theanimation hasreated),with all nodes
andedgesin-betweencoloured amber (Note, however, thatall of thes colours canbe charged
via the parametefile, corfig.tcl.)

5.2.1 Starting the animations

An animdion is initiated by clicking with mousebutton 1 onachosennode (Initial valuesfor
heapvariades musthave beenenteed prior to this, asdiscussedaborve.) That nodeis automat
ically registered asthe start(and current) stateof the newv animation, which DOVE indicatesby
colouring it red. This factis mirrored in the Animator window, in which boththe Start State
andCurrent State boxeswill display the selectedstat node The ability to selectary nodeas
thestat impliesthat animatonscanbepartal, spaming any conseutive sequaceof edgesof the
statemachire. Suppog EWAmber is registared ® asthestat nodein the TrafficLights example
—thebeginning usermaywishto try this while readng now. Notethat,having donethis, thevalue
of ELight is not registaed immediatdy — althoughit “must” be Amber in the chose stak. This
is adesgn choice: DOVE shaows the valuesasblank until they arefirst modifiedin the course of
the animaton. Indeed,anunusualchace of initial valuefor ELight in the startstatewould have
overriddenary intuitive undestandng of whatthe valuemustbe.

5.2.2 Animation

Theuserproceeds(forwards) through the stae machinegragh by clicking on anedge leadng
outof the currentstatewith mousebutton 1. DOVE thenupddestheinformation in theAnimator
window to reflectthe chasenanimaton step.After this step,the current node —i.e., thatwherethe
choenedgeends-is colouredred,thestait nodebecomegreen, while all intermediatenodes and
edges arecoloured amber Clicking on an edgethatdoes not leave the currert nodehasno effect.
The beginner may now wish to contnue the animaton begun above: entering values for watchel
input variades,andobsening the predcateswhich build up (added succasively to theendof the
Path Condition list).

°DOVE requiresuserconfirmationif anew animationis startedwhile anotheiis in progress.
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5.2.3 The Animation Controls

As descibed above, the Animation Controls are graphcal objects which are attadedto the
baseof the stake machinegraphduring Animation mode. They congst of a setof control buttons,
togeherwith adispay aredlisting thecurrent valuesfor thedelay andthestep size,in addtion
to aModi £y button which invokesa dialog window allowing the userto updatethosevalues.

The step size canbe ary integerin exces of 0; this is merely the numberof transitions
thatwill betraversedwheneertheuserstepsforwardsor backwardsin theanimaton. Thedelay
is conernedwith autanatic animaton; i.e. whenthe userchoo®sto move eithe forwardsor
baclkwardscontinuoudy throughthe animatian for asfar asthe current animatonwill allow. The
delay spedfies the minimumnumberof milliseconds thateachstepin the animatian shoub take
in realtime, the objedive being to give the use sufficient time to examine theresuls of ead step.
The usefunessof this paraneterwill be moreapparat with afastcompuer, for which the delay
would spedfy the actual time that a single animation stepshauld take (rathe thana minimum
time).

At thebaseof thecontmlsis aseriesof operdional buttons,which areusedin orderto traverse
apre-cefinedanimation. The outemostbuttons,marked | << and>> |, indicatethattheanimaion
shoud proceeddiredly to either the beginning (i.e. the statt statg or thefinish, resgectively. The
innemostbuttons,marked< and>, aresynonymouswith theoperdions“Undo” and“Redo” - they
causethe current postioning of the animatian to move eithe backvardsor forwards. In geneal,
the userwill wish to move in single steps however, thestep size paranetercanbeconfigued
to skip additonal steps asdescibed above. Theremairing buttons,<< and>>, arefor autbomatic
animatbon; i.e., they allow the animaton to move continuoudy eitherbackvardsor forwards, for
aslong asthe currently definedanimaton will allow. Thedelay paraneterdictatesthe speel of
the animation, asdisaussedearier.

While ary of the operationd buttonsarein action, the graphs colou schremewill be updated
to reflecteachchange in the postion of the animaton.

5.2.4 NamedAnimations

Thusfar, theuserhasbeenworkingwith asingle currert animaton. Animations may, however,
be stored within the statemaching with the constrairt that eachstored animaton musthave a
unique name. The animaton canthen be seleded at a later datefor replay. This functiondity
is controlled by the File menu. Note that wheneer a namedanimationis current, its nameis
displayedon thetitle barof the Animator Window.

Storedanimatians may be adwersely affectedby chargesmadeto the statemachineduring
editing. For example if ananimation proceels to the statex but, during editing, the statex is
removed, the stored animaton will no longer be valid, anderrars would occu if anattemptwas
madeto execute suchananimation. To warnthe useraboutinvalid animatbns,andto ensue that
thoseanimations do not affect the use of DOVE, all storedanimatians are chedked asthe user
entes Animation mode. Any animatons which do not confarm to the current configuration of
the statemachineare marked asinvalid; likewiseary animatbnswhich were previously invalid
but have now beenrevived (dueto a correction in the statemachire design) will be available once
more. It is, however, possille to comectinvalid animatios - this will be dealtwith in a later
secton.
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5.3 The menubar of the Animator window

5.3.1 The File menu

New TheNew option cleas the currert animation. This hasthe sameeffectasclicking on the
animatbn mode ("runner”) button during an animatbn sessbn (as disaussedin Sectiorb.3.3.
Any resuting animaton work will be anorymous - i.e., the animaton cannd be stored until the
usergivesit aname.Thisis doneby seleting Store undertheFile menu(seebelow).

Restore This restaesthe current namedanimatian to the stake in which it waslast storal (see
the Store option below).

Load File Sometimest maybeuseil to feedtheresuts of someotherapplicationto the DOVE
animata. Allowing theuserto loadananimatian from anextemal soucewill enalbe datawhichis
output by otherappicationsto be modifiedby the uservia a standard editor, prior to presemation
to the DOVE animata.

Theformatof afile containing ananimaton to beloadedis asfollows (key wordsandsymbok
which mustbeincludedwhenappropriate areshovn in bold):

Start StatestatState

Transition Steps|[ trans],statel tran®,state?]

Initial Values[ hegVarl vall, heap\ar2: val2]

Input Values[ inputVarl [val3,vald], inputVar2 [val5,val€] |

White spaceis ignored, but the file shauld have no other contents. If thefile is loaded suc-
cesstilly, its contentswill bemmethe current(analymous)animaton, postioned prior to thefirst
transtion.

Notethatit will not be possible to saze ananimaton on its own to a sepaatefile - all anima-
tions that are assotated with a partcular statemachire are saved in the statemachire file, and
thereis norea®n thatthey shauld continueto exist exterrally to the statemachie.

Store Selectng Store invokesa dialog box which givesthe userthe oppatunity of spedfying
anameunde which the curentanimaton shauld be stared. If the current animaton alread/ has
aname the entryfield will display thatname,which the use caneithe acceptor elsemay ente
a new name,if it is appropriate to keep a separge copy of the animaton asit was last stora.
The namegivento the animation mustbe unique;if it is not, anerrormessag will be displayed.
The dialog alsoallows the userto ente a commentto appea in the Description frameof the
Animator. Thiscanbedore atary stage the accunulatedcomments alwaysshown.

Oncethe current animaton hasbeennamed jts namewill be dispayedon thetitle barof the
Animator window. This namewill be asseiatedwith the current animaton, until a new stored
animatbnis seleced,or ananimatonis loaded from afile, or the currert animaton is cleaedvia
theNew option.
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Note that an animaton consistsof the stat statetogether with all the edgesthatleadto the
finish, andthe values for the variables at eachstepof the way. If the use hasbackracked to a
previousnode in theanimaton prior to storing, theanimatian in its entirety will still bestored that
is, the currentpostion within theanimaton is not consderedto berelevart. If, however, the user
backracks but thenfiresa differert transtion leading from thatnode thuschangingthe courseof
theanimaton, theold brarch of theanimaion will bediscarded andonly thenew brarchtogether
with the paththatprecededt will bestored.

Note also that storing an animaton doesnot imply that anything hasbeensaved to disk -
afterstoring ananimaton, theuse shoud selectthe Save option undertheFile menuof thestate
madinegraphwindowif thestatemachineandits stored animaticsareto besavedin apersigent
manner

Remove Thisoption providesasulmenupresetingtheuserwith alist of all thecurrertly stored
animatbns—including those thatareinvalid for the current statemachine Theusercanremove a
single namedanimaton, or all the stored animatians. This option hasno undo- if theuse makes
amistale atthis point, the only optionis to return to Edit mode,andresbrethe statemachnefile,
sincethe removal operdion only removesanimatonsfrom the non-persisent statemachire, and
doesnot becane permanat until the next save.

Notethatit is possibleto remove the current animaton (if named. Thiswill caugthecurrert
animatbnto be cleared, afterwhich the currentanimaion will beanamymous.

Select This option also provides a submeu listing all the currertly storedanimatias; those
which areinvalid for the current statemachine however, aretaggel asInvalid, sothatthe user
canrot replay suchananimatian until it hasbeencorrected. Thisis doneby editing thetext versian
of the animaton which appersin a sepaatedialog whenaninvalid animaion is seleded by the
user along with a desciption of the first error thatwasencountered whenparsng the animéion
(the error may not be appaent from the test of the animaton, which refers to the currert stae
machire).

Animation syntaxis exactly the sameasthat required for animatians which areloaded from
file - pleasereferto themenuoption Load File above. Onceavalid animaton hasbeen selected,
or aninvalid animatbn hasbeencorrected,the currentanimation is clearel (without waiting for
confirmaton from the user). The requestedanimationis thenloaded,andpostioned at its finish
- i.e. the entire pathof the animationis displayedon the gragh. The Animation Contrd buttons
maythenbeusedto traversethe entire animatia, although the usermayalsoaddto or modify the
animaton, if desred.

5.3.2 The Windows menu

Show Path  bringsup awindow thatlists, in order the namesof the transtions that have been
undetakenin the current animaton, from the stat to the current state

Watch Variables brings up theWatch Variables window, which hasbeen explainedin the
preamite to this chapter.
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5.3.3 Exiting Animation Mode

To leave the animatbn modethe usermustclick on either the editmodeor prod modebutton
of the DOVE stae machire window. A dialog boxthenappers,askirg if theanimation shauld be
cleaed. If theuseranswes No then the current animaton ses#on is resumed. If theuseranswes
Yes thenthe current animaton sesionis clearedandclosed (andthe desred modeopened).

If the userclicks on the animaton mode button during an animaton sessio then a dialog
box appers,askirg if the animation shodd be restared. If the useranswes No thenthe currert
animatbnsessonis resumed.If theuseranswerges thenthecurrert animationsessiaiis cleare,
but the Animator remairs open

Note that whenthe userleavesthe animaton mode,the currently namedanimaton (if arny)
is remembeed (in the nonpersident state) The next time the use ente's animaton modethis
animaton will be loaded autanatically asthe current animation under the assumption that the
userwill gererally wishto continue working from the lastknown interruption.

5.4 Tutorial: animation of TrafficLights

In this tutorial the userwill animat afew cycles of the TrafficLights statemachine To profit
from it, the readershoud have at leag scamed Chaper2; in particular, Section2.1, which de-
scribesthe various attributesandinputs of thetraffic lights system.

It is assumedhatthereade hasthe DOVE tool appropriaely setupasin Chaper3, andisin a
working direcory TrafficLights —whichincludesthefile TrafficLights.smg—asdiscused
in the preanbleto Section3.2. In thefoll owing, the commanl-line promptis denoted by the > at
the beginning of the commandine. Also, in commonwith the restof the manu# grammatica
notaion will notbeincludedin commandines.

Opena DOVE sesionwith the TrafficLights stake machne. As explainedin Sectin3.1, this
is dore by typing

> dove TrafficLights

The grey, grid-pattaned carvaswith the completeTrafficLights statemachire will appea on the
scre@. Thisis the DOVE statemachire window, which wasusedfor desighing the machire — as
discuissedn Chapter, andin thetutorial Sectiord.5. Theuserwill noticethatthe“pencil” iconon
themenubaris blue, whereagheothericons aregreen. Thisindicatestha the DOVE sessimiisin
editing mode.Click onthe“runner” iconwhich will thenbethe only blue one indicatingthatthe
sessbnis now in animaticn mode.TheWatch Variables andAnimator windowsimmedigely
apper.

If the TrafficLights versian beingusedalrealy hasa stored animatbn, then the animatao will
comeup refering to it, asdisaussedabove. In this case seled the New option of theFile menu
ontheAnimator window. This cleass theanimation,andtheuse maynow proceedasbelow.

FromtheHeaps list of theWatch Variables window, seled the variades AmberTimeOut,
ELight, LastGreen, NLight, andSLight to bewatched Thisis done asfollows.

- SelectAmberTimeOut by clicking on it once with mousebutton 1 (selection will always
be dore with mousebutton 1). Now click onceon the Add button. (Alternatively, the user
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canjust dowble-click on AmberTimeOut.) This variable will now apper in the Watched
Variables list. Similarly, selecttheremainng variableslisted above.

- Click on the OK button, the Watch Variables window will disgppearand the selected
variableswill beautomatcally insetedin theHeaps list of the Animator window.

Similarly addInputs ECars andtime to theWatched Inputs list (bring backtheWatch Vari-
ables window via the correspomling option in theWindows menu)

Thewatchedvariadesareautomaically givendefault initi al valuesin the Animator window.
Changeheinitial valueof LastGreen to be EW, asnow descrbed.

- Doubleclick on the value of the varialle LastGreen. The value appeas in the Values
for Current Step frame,andis initially thedefaut valueLastGreen 0.

- Inset thedesred value EW directy into the text-entry box which appeas, andclick OK. The
desredvalueis thenautomaticaly insertedin the Animator window.

Now begin ananimaton from the A11Red stateby clicking on the correponding node of the
graphwith mousebutton 1. Noticethat the A11Red stateis insertedastheStart State, andalso
asthe Current State, in the Animator window The colour of the nodechangesto red, since
this is the colour for the currert node which takes prece@nceover the colour for the startnode,
green

To proceedforwardsin theanimaton, click onceon the edgelabdled EWChangeGreen, with
mousebutton 1. Thecurrent stae (atthis stage EWGreen) will now becolouredred,while A11Red
becanesgreen. All intermediatestages in the animaton (in this case just the transtion’s edge),
becane amber Moreover, notice thatthe value of ELight in the current stateis enterel in the
Values list, sinceits value(Green) is determinedby the actionof thetranstion.

Thetranstion EWChangeGreen containsapredcatewhich shoud betruebeforethetranstion
canfire: (LastGreen = NS); this predcateis addedto the end(bottom) of thePath Condition
box. By our choiceof initial conditions, the predicateis nottrue,andindeedevaluaesto False in
thePath Condition box! Notethatno suchchoiceis madein the specfication of the machire,
andthusthe statemachineis modeling differert choicesof traffic light systens. This could be
refinedif desred.

Consigentwith the choice of initi al conditions, then the usershauld chocsethe cycle stating
with N/Slights charging. Seleci from thesetof buttonsatthebaseof DOVE’s mainwindow; the
animatonwill return to the previousstate with A11Red asthecurrentstate Now proceedforward
in the animdion through the NSChangeGreen transtion. Note that after this stepthe values of
bothNlight andSLight areGreen, asexpectd,andthePath Condition is True.

TheWaitEW transtion does not seemto “do” anything, but is requredto ensurethe machire
canrot deadock. Proceedhroughit andseethePath Condition whichensuesthis.

Now proceedthrough the remairing transtions in this cycle (including WaitT0), untl the
current stateis againAl1Red. After thelasttranstion, NSChangeRed, thevalue of LastGreen is

finally set,to NS.
The pathcondition which hasbuilt upis
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(Not (MaxCars < (ECars_1 + WCars_1)))
(MaxCars < (ECars 2 + WCars_2))

(Not ((time_2 + MaxTime) < time_3))
((time_2 + MaxTime) < time_4)

Notethatthe sulscripts signify thatinput valuesarecompldely indegenden from onestepin the
animatbn to anaher. Also, obseve that the “wait trarsition” at a given nodegivesthe comple
mentarypredcateto the precandition of the otherpossilile transtion at thatnode In this way,
deadock is avoided.

No namehasbeenasseiatedwith the animaton asyet - it is therebre knownasan”"anony-
mous”animatian, or the "current” animatbn. If the usersavesthe statemachire andexits DOVE
atthis point, this animatonwill belost However, the use may chooseto save this animaton, by
seleting the option Store from theFile menuof the Animator window. This produesadialog
which enaldes the userto entera namefor the animatian, and a descrptive comment;note that
the namemustbe unique for all the animatonsof the current statemachine. The Store option
canalso be usedto updde the animatia, shoud further chargesbe madeto it. It is, however,
important to be aware that the Store option doesnot do anything to the representéion of the
statemachinein secondarystorag. As with other stae machire changs,the Save option of the
File menuon DOVE’s mainwindow mustbe appliedif the animationis to be storedin a more
permarentfashon. If this hasnot beendone,the userwill be promptel whenexiting animéaion
mode.

The usershauld now select the New option from the Animator’s File menu;this cleas the
animatbn, andary further animatons which are create will again be anorymous. To retrieve
the animationtha waspreviously storal, the usershoud choo® Select from the File menu-
this displaysa submenuof animation names By choosng the nameof theanimaton thatthe user
storal earlier, the graphshoud againbe cleared of animaton paths andthe storad animaton, in
its entirety, shoud be displayed.

The buttons at the baseof the graphprovide a corvenientmechaism for steppng rapdly
through an existing animatian (although the use shauld be awarethatif the animationstepsare
not preentwithin the statemachire theay, DOVE may have to replay the animatian from scratt
thefirsttimeit is loaded). By choasingtheleftmost button marked | <<, theanimaton jumpsbad
to the statt, so thatonly its startstateis coloued. Likewise, the rightmost button marked >> |
will cawsethe animatian to jump to thefinish. The usercanalsoapgdy buttons which causethe
animatbn to procesdforwards or badkwardsfor a givennumberof stepsor which replayeitherto
thefinish or the beginning of the animaton. For afull discussionof theseoperatiors, pleaserefer
to Sectin 5.2.3

To exit this animation ses#on the usershoul click on either the edit modeor proof mode
buttons,andanswerYes to the dialog box.
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Chapter 6

Managing Proofs

DOVE providespowerful facilities for proposing organising andtracking the staus of statema-
chine properties. The actud proof of properties is delegated to the Xlsabdle graphical prodf
ervironmert [2]. In this chager the managemenof propertiesvia the Properties Manager
window is consiceredfirst, andthenatutorial sedion is providedto reinforce this material. After
this, the Prover (XlIsabele) and Theorem Browser windows are discussed. The next chapter
providesadiscussia of DOVE'’s specalisedproof straggies.

6.1 Window display on entering proof mode

Proofmodeis enteedby clicking onthe“turnstile” button (seeFigure3.2(c)) onthemenubar
of the DOVE statemachire window. Initially this brings up the Properties Manager window
shaown in Figure6.1, andthe Prover window shovn in Figure6.3.

Beforethe Prover actualy appears, DOVE autamatically calls the Check/Compile option
(from the Edit menuof the statemachire gragh window). It is not possble to starta proof of a
property in a statemachinetheory with fatal errars in the ensung diagnostics. If no fatd errors
arefound, the correspondng diagrosticwindow will automaically disappeain afew secormls.

6.2 TheProperties Manager window

TheProperties Manager is accesiblein Edit modevia the Property Definitions op-
tion of the Definitions menu,andis also brought up autanatically whena prod sesgon is
initiated. It organisesa datébaseof properties, providing facilities for

1. maintaning namedsetsof properties;
2. defining andnamingproposedproperties within thosesets
3. editing existing propeties;

4. entaing existing propertiesinto theProver;
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.
I Properties Manager — Set: Exclusn I
options |
EMNGireenEx Dot
|- Always Hot {ELight = Green And Hlight - Green)
7= |
Description
Green lights offer exclusive access 1o intersection. J
7= )t
Status
QK |
= ] ¥
Property Status
T I Hever proved.
Edit | Delete | New | Cose

Figure 6.1: ThePropertiesManager window.

5. tracking the proof stausof propeties.

Thisfunctionality isimplemenedasadialogboxbasdonthedechrationwindowsof theDefinitions

menuof the stat machire graph window. The basc interaction — covering the secand andthird
itemsof the functionality list above — is asdescibedin Sectiont.2.4 soonly the distinguishing
featueswill be discussedhere. Thereis a geneal discussionon statemachire propeatiesin2.7
andthereis adiscussia of how to go abou formulating propertiesin Chapter. Theexactsynta
for propetiesis preentedin Appendx B.

6.2.1 Property Status reporting

A new elementof the declaation window is the additonal areamarked Property Status.
As opposedto the Status area,which repats sucessful(or othewise) parsng upon committd
of anew entry, theProperty Status arearepats whetheror notthe selectedpropety hasbeen
proved in the current statemachire. Thusit implemens the fifth item of the functionality list.
Therearethree possble repors.

Never proved meaningthatthe userhasnot succesfully provedthe seleded property at arny
stageof the developmentof the currert statemachire.

Not proved for the curr ent statemachinemeaninghhatit hasbeenprovedin the past,but not
with the currentverson of the statemachire. In particular, this is the stausif the statemachire
wassaved sincethe seled¢ed propaty wasproved. A time stampindicatingthetime of committd
of themostrecer proofin apreviousversion of the statemachire is given.



DSTO-TR-149

Proved for the curr ent state machinemeanirg theuserhasprovedthe propertyin thecurrert
versim of the statemachine A time stampindicatingthetime of committd of the proofis given.

It shoul be notedthat, after a propety is proved in the Prover, the statemachinemustbe
savedsothatthefactthatthe property wasprovedis recaded. If thetime recadedfor the saving
of thepropertiesfile is older thanthatof the stae machinegraphthentheProperties Manager
will display the propaty asnot beingprovedfor the currentmachine To save the stat machire,
simply usethe Save optionin theFile menuof the statemachinegraphwindow, whichis enabied
whenapplicable.

6.2.2 TheOptions menu

The othe distinguishing feature of the Properties Manager declaation window is the
Options menuwhosecontentsimplemert thefirst andfourth itemsabove,andarenow descibed.

SetManager stats up a dialogue box for seleding existing, or enterng new, setsof property
names.It canbe corvenient sayfor logically ordering the statemachine documeration, to have
related propeatiesgathere together TheProperties Manager allowsthisviatheSet Manager

window which is called up by selecting this option. The desirel namefor the setis typeddirectly
into the Current Set text-entry box. Uponclicking on the OK button, the nameis autamatically

insetedin the Available Sets list andthe Set Manager window is closed Existing names
canbeseletedin theAvailable Sets list, andthenreramedor delgedvia the otherbuttonsat
thebaseof the Set Manager window. Theseleced namethenbecamesthe current set.

The property namesappearing in the declaatiors list of the Properties Manager window
arethosein the setwhosenameis printed in thetitle bar This namechargesto the current set
asselectedviatheSet Manager window, andthe propeties of that setarethendispayed When
first openel, theProperties Manager comesup with the currentsetautamaticaly beingcalled
default. This canbe modifiedasdisaussedaboveif desirel.

Clear Properties removesall propetiesin the current set.

Save does nothing beyond the Save option unde the File menuof the statemachinegragh
window, andsois supefluous. However, its preseicemay help the userto remembeto sase the
property, patticularly after proof sothattheProperty Status is updaed.

Prove SelecedProperty bringstheProver window to theforeground initi atingaproofsesson
for the seleced propety. TheProver window is the Xlsabelle interface.It is in this window that
prodf stes arecarriedout, andthrough thiswindow the userinteractswith theprodf. A disaussian
of theProver window s deferedto Sectiont.4.

It is not possble to startup the Prover window if no property is selected. Also, note that
invoking theProver requresanup-to-daeimagefile. DOVE will creat oneautomaically if this
is notthecase.
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If theProver hasalreadybeenstared,selecing anew propertyandusingtheProve Selected
Property operdion will cau® thatpropety to beloadel into theProver astheGoal. Usercon
firmationis requred for this. The current proof sessbn beforeloadng canbere-accesgdvia the
Swap menuon theProver window, asdiscussedoelow.

6.2.3 Exiting the proof mode

To leave the prodf modethe usermustclick on eitherthe edit modeor animation modebutton
of the DOVE statemachnewindow. A dialog boxthenappears,askirg if theexit shodd continue
(sincethechange of modewill resut in anopenprod sessio being discaded).If theuseranswes
No thenthecurrent prod ses#on is resumed. If theuse answerd es thenthe current proof sesgon
is cleared— all related open windows — andcloseal (andthe desied modeopered).

If the use clicks on the proof modebutton whilst currertly in prodf modethena dialog box
appars, asking if the proof sesion shoud be restrted. If the useransversNo thenthe cur-
rentprod sesgn is resuned. If the use answersyes thenthe current proof sessia is cleara,
but the Properties Manager window remainsopen (since it is accessiblevia the Property
Definitions option of theDefinitions menuof the statemachire graphwindow.

6.3 Tutorial: example propertiesin TrafficLights

In thistutorial the prodf managemetrprocessis illustratedby consderingsomeexampleprop-
erties To profit from it, the reade shoud have at leastscanmed Chapte 2; in paricular, Sec-
tion 2.1, which descibesthe various attributesandinputs of thetraffic lights system.

It is assumedhatthereade hasthe DOVE tool appropriaely setupasin Chaper3, andisin a
working direcory TrafficLights —whichincludesthefile TrafficLights.smg—asdiscused
in the preanbleto Section3.2. In thefoll owing, the commard-line promptis denoedby the > at
the beginning of the commandine. Also, in commonwith the restof the manud grammatich
notaion will notbeincludedin commandines.

Opena DOVE sesionwith the TrafficLights stake machhe. As explainedin Section3.1, this
is dore by typing

> dove TrafficLights

The grey, grid-pattened carvaswith the complete TrafficLights statemachinewill quite quickly
appar onthescreen Thisis the DOVE statemachire window, which wasusedfor desigiing the
machire — asdiscussedin Chapte 4, andin thetutorial Sectiond.5. The userwill noticethatthe
“pencil” icononthemenubaris blue, whereagheother iconsaregreen. This makesmanifed that
the DOVE sessbn is in editing mode. Click on the “turnstilé’ icon which will thenbe the only
blue oneg indicating that the ses#on is now in proof mode. The Properties Manager window
appears,andtheProver window foll ows.

Thepropetiesconsiceredin thistutorial arethebasicsafey requremensof theTrafficLights
machire; namely thatthe E/W andN/S setsof lights areinternally synchrorisedandthatit is never
the casethatbothsetsof lights aregreenatonce.
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The synctronisation propeties simply requre that the variable pairs ELight and WLight,
NLight andSLight, respectively, arealwaysequd. Recallng the tempora opemtorspresened
in Sectia 2.7, this property may be expres&d by the statemet

| - Always (ELight = WLight)
in the caseof the E/W lights, andby the statemen
| - Always (NLight = SLight)

in the caseof the N/Slights.

Theexclusionproperty may be expres&dby the statemat
| - Always Not ((ELight = Green) and (NLight = Green))

It is not necesary to consder the othercombnations of lights, provided thatthe synchronsation
propertieshave been proved.

~| Property Editor: "EWLightsEq" in Set "default” | : |J|
Hame: |EWLightsEq
Definition
3

|- Always ELight = WLight

H T X

Description

‘This ensures that the east and west lights always show the same status.

H i

Close Commit Cancel

Figure 6.2: Theedit property dialog window.

Thesepropetieswill beenterel in two different sets labeled by the type of property asindi-
catedabove: synchrorisation propertiesin the set“Synchronisn”, andexclusion properties in the
set“Exclusr’.

Theuse shoud now createthe setSyncho, andenterthe syndironisationpropeties, asfol-
lows.
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- Click on the Set Manager option of the Options menuon the Properties Manager
window.

- Enterthe sethnameSynchroin the Current Set: text-entry box of the dialog box which
appers.

- Click OK onthedialog box. TheProperties Manager window’stitle baris now labdled
by the new setname,andall propertiesentera herewill belongto the setSynchro.

- Click ontheNew button ontheProperties Manager window.
- EnterthenameEWLightsEq in the dialog box which appeas.

- IntheDefinition text enty field type the E/W synclronisation statenentdescribedabove
andin the Comment field type a desciptive senteice abou the propety. The edit dialog
shoud now appearaspresetedin Figure6.2.

- Click onthe Commi t buttonto ensue thatthe property is correctly enteed.

- Click Close in thedialog box. The property EWLightsEq is thenautamatically inseredin
thedeclaatiors list of theProperties Manager window.

- Similarly, ente the synchrorisation property NSLightsEq asgivenabove.

Similarly, createhesetExclusnandente theexcluson property ENGreenEx. TheProperties
Manager window shoud now appearaspresetedin Figure6.1

A proof sesson for oneof the propeties canbeinitiatedby selecting the Start Proof item
from theProof menu.In the next chaptrthe proof of the property EWLightsEq is consdered in
detal.

6.4 TheProver window

As statel in Section6.2.2 the DOVE Prover ervironment is invoked by highlighting a prop-
ertyin theProof Manager window andselecing theProve Selected Property option from
the Options menu. At this point the Xlsabele environmert is brought to the foreground, as
depidedin Figure6.3.

TheProver display hasbeenspecidisedin anumbe of waysto helpsupporttheprodf of stae
machire properties. In orde to be able to discussthese enhancemens, a quick overview of the
various featuesof theProver window is givenin thefoll owing subsetions. Thediscussio here
is wordedsothatit is not necessaryto have adetaikedundestandng of the useyproverinteraction
inducedfrom the proof modeladopedby Isakelle (andherce Xlsakelle). An andysis of the proof
modelitself appearsin the next chapte. For ary unfamiliar termsthe reade shauld consut the
glossry at the beginning of the User Manud. For more detals of XIsabelle, the usershoutl
consult [2].
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Figure 6.3: Theprover window

6.4.1 Framesand buttons

Isalelle adops whatis termeda goal-directed proof strategy in which an evolving proof is
representedas a stak of proof states Thelist of currently unjugified resuts (called sulgoalg
providesthe repregntaton of the currernt proof statewhich the usersees The use construcs
the next level of the prod (the new proof stak) by applying avalid prod step(a tactic) from the
DOVE dedudive sysem.

The Subgoals frameis the top frameof the Prover window, in which the prodf state— the
list of currently unproved subgrals— is displayed. The healer of this frameactudly dispaysthe
numberof subgpalsremainng. Initially, the subgal list corsistssolely of the overall goalto be
proved, but during the courseof the proof variousintermedate subgals will beintroducel. At
eachstage the currert sulgoalto which a prod tactic is to be applied canbe seleted by clicking
on it with mousebutton 1, andis then highlighted by being displayedin red. The highlighted
subgpalis calledthe active sulgoal.

TheTactics framesandbuttonsarethe frames buttonsandtactics lists belowthis top frame
which allow the userto carry out prodf steps The basicprocedureis thatthe userseleds a proof
tactic with mousebutton 1. The chosea tactic is thendisplayedin the Current Tactic frame,
and can be applied to the active sulgoal by clicking on the Apply button. [The usermay also
simply douwble-click on the tactic] Alternatively, it canbe appied to all subgoalsin the currert
prodf stateby clicking on the Apply To All button. After the proof tactic hasbeenapplied,
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the top frame of the Prover window is updatedto dispay all current subgpals (with the active
subgpalhighlighted). Thisbast procedireappliesin particularto thelist of DOVE Tactics, which
contans prod tactics(discusse in detail in the next chager) desgnedspecificdly for reasoimg
abou DOVE stak machines.

Theuseof Basic Tactics is similar, but requresslightly moreknowledge of the Xlsabelle
prod tool. The usershauld refer at this point to the Xlsabele usermanuall’] andthe Isalelle
documentatian [9].

TheUser Tactics framelistsspecidtactcsinstalleddirecty by theuser A brief appication
of this functiondity will begivenin thetutorial of the next chapter.

TheMatch Theorems button bringsuptheTheorem Browser window, toggledto Matching
On, which lists the theaemsthat canbe apgdied to the active subgpal. This facility is typically
usedin conjunction with mary of theBasic Tactics, or with the Interactive sublistof DOVE
Tactics, asdiscussedn thenext chager, andis afeatue for theadvanceduse.

6.4.2 The menubar

Acrossthetop of the Prover window thereis a menubarwith menusproviding a variety of
facilities: for cugomisingXIsabdle’s proof ervironmert; for sasing andmanaging prods; for au-
tomatirg repettive prod steps andfor printing proofsin human-eadalte format. To find detaled
desciptions of the functions provided by thesemenusthe reade shoud refer to the Xlsabelle
usermanual[Z], which canbe obtainedunde the Help menubutton. The presentdoaumentis
not self-contanedin thatthesedetals aretypically not repeatedhere However, it is worthwhile
emphassing the menuitemswhich areparticularly relevantfor the DOVE tool, andthefollowing
lists someof therelevanthighlights.

6.4.2.1 TheFile menu

is largely self-explanatory, providing thefunctiondity for proof managemset—in paricularfor
saving prods into proof scripts. More discusion of this prod managemeinwill be given below
in Section 6.5. Theoption Export as LaTex producesauser-readbleaccount of agiven proof.

6.4.2.2 The Proof menu

includesChop facilities, which are used to undo proof steps;either the Chop option which
undces one prod step or the Chop to Level option which chaps backto the specifiedlevel
(that can be readfrom the currentProof History), or the Restart option which chopsbad
to the stat. TheFast Forward option canthenbe usedto scroll quickly backthrough all prodf
stepsto the final level in the current Proof History, while the Step Forward option apgies
justonestep.Thekeyboardaccderatas for theseoptionsare:

e Control-left for Chop

e Control-right for Step Forward
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e Shift-left for Restart

e Shift-right for Fast Forward

6.4.2.3 The View menu

providesdifferert modesof proof visudization in the Tree Display andProof History
options. The Proof History options bring up a proof script which lists, in order the proof
stepsapdied before the currert proof stak (or the completelist in a previously-compleed prod).
Theseoptions shoul be accesedduring proofs to provide simplemeansof applying prod stefs
— simply doule-clicking on the requred step. Anotheroption in this menu,theView Theorems
option, bringsup the Theorem Browser window (toggledto Matching Off by default, or to the
previousstae in whichthe Theorem Browser wasquit). SeeSection6.6 for moredetals onthe
Theorem Browser window.

6.4.2.4 The Options menu

providesa Subgoal Display optiontha hasasulsetof the optionsin theOptions menuof
theTheorem Browser window, whichis discussedin Sectian 6.6.

6.4.2.5 The Swap menu

providesthe facility to swap betweenprod sesgons for different propeties which have been
loadead conaurrenty from theProperties Manager, asdiscussedaterin Sectin6.5.

6.5 Proof management: ending, saving, loading and
restarting proofs

In this section severalusdul hints for managimy prod's arecolleded.

e Theprod of morethanone property canbe attemptedconcurrertly — which is useful for
example if the userrealisesthata further lemmais requred — aswill now be explained. At
ary stage in a current proof sesgon the usermay entera new property into the Prover via
the Properties Manager window, following the stegs explainedin Section6.2.2 This
starts a new prod sessio for the new propeaty (user confirmaton is requred). To chang
the Prover window to display the apprgoriate prodf ses#on, the usermay simply choo®
the desred option in the Swap menu.In this way, a total prodf sesgon buildsup, consisting
of any numberof concurrert compone@t prodf sessios. In particular, a compleed proof
will remainasa compmentof thetotal proof sesson.

e Oncethe total proof sesfon is exited — asexplainedin Section6.2.3— the proof stepsto
datein all prodfs arelost unless the proof scripthasbeen saved (up to its current state by
the user This is achiewed by seleding the Save option of the File menuon the Prover
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window. The proof script containing all stepsto the current proof statefor a given property
P, say is thensavedto afile P.pr£f. This proof script canbe re-exhibited by choosingthe
Proof History (Other) option of the View menuon the Prover window, which then

bringsup adialog box from whichtheusermayselectthedesredscrip file. Uponseleding
it, aProof History window appeas which continsthescript

e Theproofscriptsaresavedin Xlsabdle format,sothatagivenprod stepmaybereplayed—
or eveninseredinto theProver while in acompletely differentprodt sesgon — by clicking
onthecorrepondng line in the script andthenpressig the Apply button (or, alternatively,
by simply doule-clicking on the correspondng line in the script).

e Becausof thistacticinsertion facility, it is corveniert alwaysto haveopenaProof History
window for thecurrert proof, whichis achiexedby choosng theProof History (Current)
option of the View menuontheProver window.

e Onthe compktion of a prod, DOVE will annainceto the userthatthe prodf is complee
andthenwait for the userto click OK. DOVE thenautamaticaly addsthe correspondng
theaem to the theoren list of the current theory, and commitsa nev ML image of the
updatedtheory (this may take a littl e time). The theoram will immediatdy appar in the
Theorem Browser window (in the Theorem Names list correspomling to the nameof the
currentstae machinein the Theory Names list).

e Theproof scriptis not saved autamatically at the compldion of a proof. It is good pradice
to save the prodf scriptfor later consderaton. Saving is carried out asdiscussedabove. A
differert namefor the prodf scriptmaybegivenby insteadusing the Save As option of the
File menu.

e Whenquitting the Prover while it contans anunsaed prodf, DOVE will display adialog
box asking the userif the proof shoud be sared or not.

e Sinceunfinistedprodfs canbesaved, theusermayquit DOVE andresunetheprodf sesson
atalaterdatesimply by:

— entaing the prod sessim andloading the desred property into the Prover through
theProperties Manager asustal;

— bringing up the desied prod script via the Proof History (Other) option of the
View menuontheProver window, asdiscussedabove;

— re-ertering theprod stepsknown to dateby double clicking onthecorreponding line
in the proof script.

— Whenquitting the DOVE ses#on completely, if any proofs have beencompldedthen
anew ML imageof the currert logic statewill autanatically bewritten. Thus,when
alater DOVE sessio with the samestatemachineis commencegdthes proved prop-
erties will be available astheaemsfor usein proving further properties — without
needng to bereproved.

e As discussedabove, the Save option of the File menuon the Prover window savesthe
prod scriptsin Xlsabelle format. To obtaina morehumanreadibleform, usethe Export
as LaTex option of theFile menuontheProver window Thiswill replaytheprod, and
geneatea lATEX file (in the directory wherethe DOVE sessim is being run) contaning the
prod.
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6.6 The Theorem Browser window

The Theorem Browser is adjurct to the Prover window. It simply containsa list of the
theoremswhichareavailablefor theuserto rea®nwith whilst cartying outthe prod in theProver
window. Thisis afeaturefor advancedusers

The Theorem Browser window can be brought up via the Prover window via the View
menu, or via the Match Theorems button, asdiscussedabove in Section6.4.1. The Theorem
Browser window will cometo the foreground wheninvoked, and may be quit independertly of
theProver viaits own File menuoption, Close.

6.6.1 Frames

Thereare threeframeson the Theorem Browser window, which all have a very differert
functionality.

The Theory Names frame liststhenamef all Isabéle theoriesupon whichthecurrent stae
machireis basel (including the currert stae machne!). Thenameof thecurrently selecedtheory
is recadedon the RHS of themenubar.

The Theorem Names frame lists the namesof theoemswhich arecontanedin the selected
theow. In paricular, ary theoren proved by the userin the DOVE sessia will beincludedin this
list. Theactual class of theaemnameswhichwill bedispayedheredependsonthe menuoptions
chosn, asdisaussedbelon. This frameis “cli ckabk”, andis usel to insett the theaeminto the
Prover:

¢ singe-clicking on a theaem namewith mousebutton 1 will dispay the statemaet of the
theaemin the Theorem frame.

¢ holding down the Shift key and sinde-clicking on a theaem namewith mousebutton 1
will apply the theaem to the active sulgoal in the Prover window (if possble) via an
autanatically chose tactic.

¢ clicking once on atheoremnamewith mousebutton 2 will inset thatnameinto a waiting
tactic in the Current Tactic frame of the Prover window. As usual, the tactic canbe
thenbe applied to the active subgal by clicking on the Apply button, or to all subgpalsin
the current prodf stateby clicking ontheApply To All button.
Thisusag will becanecleare afterthe userhasgonethroughthetutorial in Sectin7.5.

The Theorem frame displays the theoem correspoming to the theaem namechosn by
single-clicking with mousebutton 1 in the Theorem Names frame.

6.6.2 The menubar

The File menuprovidesanoption Close for closng the Theorem Browser window.

The View menu contols which class of theaemsis dispayedin the Names frame. The
typical userwould simply chocsethe A11 Theorems option. The advancedusermay want to
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restrict the output appropriately. The Temporal Facts option is usedin conjunction with the
Add Temporal Fact optionin the DOVE menuof the Prover window, asde<ribedin Subsee
tion7.3.3

The Options menu providesan option Display which allows various differentdisplays of
the sulgoals Although the typical useris unlikely to make use of this menu,the togges for
Show Brackets andShow Names in theDisplay option areDOVE addiionsto Xlsabdle. The
option Show Brackets enforcesthedispay of the bracletswhich make manifes the bindingsof
various opeatorsin the subgal terms. If the Matching On facility is requredthenit is crucid
for this option to betoggledon, since DOVE requresthe bracletsto beableto correctly parsethe
terms.Theoption Show Names, if toggledon, expardsthe abbreviatimsin the DOVE syntax for
tempora operdors, thusmakingthemmorereadble.

The Help menu cortainsdifferert options for Xisabdle andisabdle documentaton. These
may have moreinformationabou the functionson the Prover andTheorem Browser windows
beyond thatgivenin the preentDOVE UserManual,if requred.

6.6.3 Matching terms facility

WhentheTheorem Browser window is broughtupfromtheProver viatheMatch Theorems
button, the tool will matchon theform of the active sulgoalin the Prover window. Therely, the
Theorem Browser displaysonly thosetheaemswhich will have an effectwhenappied appro
priately to the active subgpal.

6.7 Proofvisualization

Oneappioachto building beter formal method toolsis via the concept of proof visudisation:
a combiration of techiques, built on top of existing automate proof toals, tha helps the user
undestand strucureandcontml long andcomplex sequence of rea®ningin anatual way. These
techriquesinvolve the useof diagramsandpicturesto representaspecs of formal prodfs, but also
includethe useof doman knowledge in proofs andthe constuction of apprgoriatdy-sized prodf
steps

Oneeffective way of structuring complex information andprocessess by meansof graphcal
representaions, or visualisation. Therearetwo waysin which suct arepresentaiton canbeused

e passve, which helps the userunde stard andcommunicée the prodf; and

¢ active which allows the userto control congruction of the proof.

Passve visudisation hasbeen implemertedin DOVE, which highlightsthenodeandedgecor-
respading to the state andtranstions occuring in the assumgions of the current active sulgoal.
This allowsoneto seewhich partof the desiq is currently being reasmedabout

The active subgpal can be changed by clicking on a trarsition enterng a statenode, thus
demongrating a very basicform of active prod visuaisation. This triggersa searchthroughthe
subgpallist for thefirst onewhosehypahesesnatchthechoentranstion andstate(which are,in



DSTO-TR-149

turn, highlighted. The matchedsulgoal becomeshe new active subgpal. Selecion of subgals
from thegraph in thisway cancorvenierily allow theprod to bedevelopedin anorde thatappea
natual from the desiqn, ratherthanthe morearbitrary order in which the sulgoalsarelisted. The
reade maywish to experimentwith this facility during the prodf tutorialsin Chapter.
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Chapter 7

Proof strategiesand tactics

It hasbeenfound thatthe forma proof facility is the aspet of the DOVE todl which is hardest
for beginning uses to grasp This is not surpiising in itself, sincethe ratherbaraqueintricacies
of syntax semanits,andlogic in formal method tendto testthe attertion-spanof eventhe most
dediatedmathenaticiars. However, someeffort hasbeenmadein the DOVE tool to eliminate
muchof the arcanenotation, corventions, andartificeswhich arerequred in the constuction of
aformal prodf — at lead, asmuchasis pradicable without losing the ability to make nontivial
applicatiors. In paricular, a proof stratgy suiteble for awide rangeof DOVE statemachireshas
beendevisedandenmdedasa setof stepsto beimplementedin theProver.

To explain this, andyet to caterfor more experienced users the present Chapteris written
attwo differert levels. Theintroductay level is relatively straghtforward, with the basc DOVE
prod straegy preseitedasa recipe anddemonstatedon a simpleexample The adwvanced level
preseitsmoredetaiks andhasadiscussionof morecomplicatedtactics demorstratal in asomeavhat
harde example.Specificdly, the split is asfollows.

¢ Theintroducbry level, building ontheoutline of good Prover practicegivenin Sectior®.5,
andtheearlier Sectiors2.7and?2.8, is foundin:

— the glossary on page(xv) of this UserManual,which gently introduces the language
of formal methods
— Appenrdix G, whichintroduces the concepts of formal thearies.

— Section?.1, which givesanexplanation of the nature andworkings of the prod assis
tantisalelle, anda discusion of the DOVE implemenation;

— Section’.2, wherethe DOVE prooftacticsareintroduced- particularly Subsetion7.2.],
wherethefundamentaltactics of the DOVE prodf strategy aregiven; and

— Section7.4, atutorial demorstrating those fundamentakacics on asimple exampleof
aninvarant propeaty of theTrafficLights machire.
e Theadvancedevelis found, beyond thosesectons, in:
— Appenrdix C, whereatechrical presentaion of theinferencerulesprovidedby DOVE,
onemoresuitedto the expertreacer, canbefound
— Section7.5, atutorial demorstratig moreadvaneduseof DOVE tacics.
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— Section7.6, which hasfurther discussia of the useof the prodf tool, coneentratng on
themethod usedin theadvancedutorial.

In thisway it is hopedto provide anintuition for the basicsof prodf in DOVE andto demonstate
thelevel of power available evento the naive use.

Theverificaion of statemachire propeatiesin DOVE is carried out usingthe graphical prodf
ervironmert Xisabelle [2]. This manualdoesnot attemptto provide a detaled introduction to the
Xlsabele tool. Instead, the unique aspets of prodf in the DOVE ervironmert are emphaised
— in particular, the specidised strat@ies, tactics, and inference rules provided speciically for
reasming abou statemachineproperties. However, to implemert thefull power of theProver it
is necessaryfor the userto be familiar with the Isabdle prod tool. Thisis, perhapssurpiisingly,
not a particularly onerais task asthe interestedreaderwill find on studying the existing user
documentation for Isabéle [9] andXlIsabele [Z].

7.1 Proofin DOVE/XIsabelle

Before presating the DOVE proof stratgyy, someof the basis of how Isabele mechaises
the processof logicd reasming areconsdered.

7.1.1 Interactive prooftools

Isalelle is aninteractive prodf tool, meaningthat it implemens proof tactics which the user
must selectat eachstage of the evolving prod. A commonquestionis: since mary stegs of a
formal proof are quite trivial, why not usean automatic proof tool which simply takesthe god
and attemyis to congruct a formal proof? Thereare a numbe of important rea®ns why the
interactive tool is better suited to the taskhere

e It is not possible to give a geneal algarithm which will condruct a formal prod for ary
property. Thusanautomaic tool need to betightly targetedto a subchssof subgals. A
spedfic andfixed logical strudure is introducel to carry this out. In an interactive prod
tool suchaslsabele thelogical structurecanbe extendedalmog indefinitely, which clearly
providesthe use with a lot of power. In DOVE the aim is to harness this power, while
directing it in amoreacassibe manner

e It is notnecessally agoodideato have tactics which make a large change from oneprodf
stateto the next, since the useroften need to be ableto keeptrack of the logicd charges
involved Automaticprod tools cleaty provide an extreme examplewherethe final prodf
stateis very far from the original god. The machire-gereratedproof is unlikely to be
very intuitive or useiul for the user Moreover, whenthe autamatic prod attemptdoesnot
suceedthere will beessetially noinformationto begainedby looking atthe currentproof
state Theusa mustthendevise clever lemmaswhich thetool canaddresssuccesfully on
its way towardsproving the overall god. The needto develop this skill is a huge burdenon
theuser
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Figure 7.1: Thestrudure of atheaem(or proof state.

¢ A majoruseof verification is dirededtowards the certification of productsto high levels of
trugt asembodiel in, say the ITSEC[3] classification. For suchsituations the level of trugt
mustbe transkrredfrom the verifiersto the evaluators,soawell laid out sequenceof small
andeasly cheded proof stegs is optimumin thatsettirg.

e An interective prod still requires that the small stegs be strudured towards proving the
goal However, this strucuring in itsdf providesthe userwith deepe insight into the stae
machire properties. Failure of the prodf attempt can then possbly be corrdated with a
defect in the machire desiqn.

¢ At the sametime, somecorveniert level of automaion canbeimplemenedin Isabdle by
bundling togetterindividud inferencerulesto make spedfic tactics. In DOVE suchtactics
areavailablein the Prover, often allowing the optimum proof straegy to beimplemerted
in justafew steps.

7.1.2 Theoremsand inference

At the coreof Isabdle is an abstact dataype for repregntingthe termsandlogical proposi-
tionsto bereasmedabaut. Associaedwith this dataype area smallnumbe of trusted functions
for constucting logical propositionswhich areguaranteedto be“true”. Thesefunctionsarecalled
theinferencerules of Isakelle andthetrue propasitions they congruct arecalledtheorems

Theoramsin Isabdle cantake either of two forms:
¢ A logicd implication,

Py... Py
C

states that a conclusion C is true whenever the premisesA, ..., Ppare true. Figure7.1
preentsausefu graphical depidion of alogical implication.

e An equivalencetheaem,
S=T,
states thattheterm Shasexadly the samemeaningastheterm T.

Threeof the mostimportantinferencerulesin Isakelle areassumption, resoltion, andsubsti
tution. Theassumptionrule (seeFigure7.2) builds,for ary proposition P, thetheoem
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Figure 7.2: Theassumptioninferencerule

P, ... P,
. P P, Py, ... P, P,
. . | | | |
. . # |
P1 PI Pn ¢
| | J

|
C

Figure 7.3: Theresoltion inferencerule
P
P

Theresoltion rule (seeFigure?7.3) joinsanimplication,

Piy- Piny

PI.
with animplication with premise R,

P...P...Py
C

by replecing the premise Fin the latterimplicationwith the premiesh, ... P of theformer. The
subdgitution rule usesan equivalenceS = T andatheaem AS) in which the term S occus, to
congructthenew theoren AT), in which Sis replacedby T.

Inferencerules such as thosedescrbed above are called pure rules becase they constuct
theoemswithout regardto the meanng (or semantts) of the termswhich they manipuate. Ob-
viously, if Isabele did not allow oneto make useof the meanirys of terms,it would notbeavery
usefu tool. Themechaism Isalelle usesto make useof the meaningof termsis the theoty file.
A theay file introducesa collection of namedobjeds anda collection of theorens abaut those
objeds, calledthe axiomsof the theory For example thefile TrafficLights. thy is thetheory
file genentedby DOVE to tell Isalelle the meanng of the TrafficLights stat machine It
introducesall the states, transtions, variales, etc. of the TrafficLights stae machneanda
collection of axiomsthatcanbe usedto rea®n abaut it.
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7.1.3 Proof-gdate and tactics

In orderto facilitateinteractive proof, Isabdle provideswhatis termeda god-direded prodf
package.Theaim of the paclkageis to allow the use to reasam bakwardsfrom a desired property
(called the goal), throughintermediatepremises (calledsubgpals) which aresufficient to estallish
the god, finally to the axioms(or previously proventheaems)of the theory The Xlsabelk tool
providesagraghical environmentfor performing suchgoal-drected prods. In thefollowing, only
prod in Xlsabele is corsiderel.

Thefirst stepin an Xlsabelle prod is to ente adesredgoal G andthetheay in whichit is to
beproved!. XIsabele thenusesthe assumptionrule to constuct thetheaem

G
G

which becomeghe initi al proof-state At eachstagein the prodf, the proof-statewill congst of a
theoemof theform

SG,... SG,
G

(together with added bookkeeping information usedto suppat the mechaics of the Xisabele
prodf activity). The premiseof the proof-statearecalled the currentsubgalsandit is thes that
aredisplayedin the Xlsabdle prover window (seeFigure6.3).

In orde to progressthe prodf, the userappliesatactic, which, simply put, is just a program
which changesthe prodi-state Most tacticswork by makinguseof inferencerules,axioms, and
known theoemsto replece one of the subgpalswith zeroor more new sulgoals Thusthe most
commonform of prod stepin Xlsabelle conssts of selecting a subgpal (from the main prover
pand), selecting atactic (from eitherof theBasic Tactics orDOVE Tactics pands), andthen
possbly seleding oneor moreaxiomsor theorems(from the Theorem Browser window) for use
in thetactic. If atactic replecesa subgpal by an empty collection of new subgails, the subgal
is saidto have beendischarged Theaim of the prod actwvity is to dischage all of the subgpals,
leaving a proof stateof the form

G
whichis justthe statenentthatthe property G is atheoem.

As alrealy stated Xlsabelke kees a certain amountof book-keepng informationin the proof-
state An important partof this is the proof-history, which recadsfaithfully all of thetacticsthat
have beenappliedin developing the current proof-state This canbeusedto backstepto anearlier
stagein the proof or to repeata certan sequenceof stepsfrom earlier in the proof. It is even
possble to openproof-historiesfrom other proofs entirely and make useof themin the current
procf.

11 In DOVE thisis handledoy theProperties Manager.
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7.1.4 Temporal sequents

Althoughary form of logical subgpalmayapperin aDOVE prod, subgalsgeneally appea
in theform of atempoal seqent A simpleform of thetempora sequat hasalread beenseenn
Section2.8. Eachsequat consstsof alist of tempaal hypahesisformulaeandatempaal target
formula, sepaatedby a sequentturnstile.

Hi, .. Hpl- T

In orde to prove suc a sequat subgal, it is neessaryto demonstate that the target is true,
providedthat all of thehypahese arealsotrue.

Appendx C explains in detal how the DOVE tempaal logic theay is developedthroughthe
useof sequents.For theremainder of this chager it is sufficientthatthereaceris familiar with the
formatof seqients andwith thetermshypothesisandtargetintroduced above.

The Xlsabdle tool (andthe underlying Isalelle tool) provide a large numberof powerful fea-
turesnotdescrbedin this section. Theaim of thissedion hasbeenjustto introducethevocabulary
andconcgtswhich arevital to anundestandng of the prodf exampleswhich follow. Theinter-
estedreade is strongly urgedto conault the Xlsabele [2] andIsakelle [S] manualdsn orderto gain
a betta appreiation of the power thesetools provide.

7.2 The DOVE proof strategy

As degribedin Sectian 2.8, the prod straegy adgtedin DOVE is that of indudion on the
executions of the stae machire, implemeried via the process of bad-subditution. Briefly, this
worksasfoll ows.

1. Givena property, the question is whether it holds for all execuions of the statemachire.
This canbe answerd in the affirmative, under the principle of induction, if:

¢ all theinitial configumtionssatisfy the property; and

o for every execuion of the statemachinewhich satisfiesthe property, all enabédtran
sitionstake the stat machineto an execution which alsosatidiesthe propaty.

Thelatteritemis calledtheinductivestep In DOVE, theinductive stepis reintapreted asa
statenentin tempora logic.

2. Givenasubgal, a DOVE statemachinewill only have a finite numberof nodesandtran
sition edges, possbly all, which arerelevantto the proof of that property. The subgpal can
thenbe splitinto casesuniquely deteminedby this topology informationfrom the graph

3. Givenatempoal propeaty, onecanclealy descibe whatmusthave beentruein the previous
configuation (defined uniquely afterthe decompositon under graphtopology) in orderfor
the current configuration in the execution histoty to satidy it. DOVE badk-sulstitutes to
replaceoccuences of variable namesn the corresporling tempora sequat with thevalues
assgnedto them by thelasttransition.
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Oncethebad-substitution of arequired property hasbeendetemined,theinductionstepbecanes
a ‘'simple’ matterof proving that the required property implies its own backsubsitution — or,
possbly, thatthis is true aftera numberof badk-substitution stefs.

ltems1, 2 and 3 enumeatedabove form whatwill be called the basic DOVE proaf strategy
— or the “back-sulstitution proof strategy”. DOVE providescorrespoming tactics correspondng
to eadh step— respectively, ForwardsInduct, Topology, andBackSubstitute — in the DOVE
Tactics frameon the Prover window. Thesetactcs are discussedin more detal in Subsee
tion 7.2.1below.

More gererally, in theDOVE Tactics frameDOVE presntstheuserwith asmall,but powver
ful, collection of “tailor-madé tactics thathave been spedfically desighedto augmentor support
thebast backsubditution proof stratgy. Theseacticsareautomadically instdled in the XIsabelle
Prover whenanew prod begins. They arediscusedfurtherin Subsectins/.2.2andSection7.3
below.

Xlsabdle further providesfadlity for the userto install customigd usertactics, asdescrbed
in the XIsabelle manual[Z], but in this secton only the tactics supplied with the DOVE tool are
consdered

Theesgnceof thephilosopty usedin congructing DOVE’s verification tool is that,whenaug
mentedby somesimplestrudural rules the “temparal operatiorns” in statemachire propetiesare
mosteffectively dedt with via the backsubditution straegy. Thus,while maintaning the power
of the underlying Isabele proof tool asmuchaspossble, theProver is neverthelessstreamlned
towardsspecaliseduse. The advanaed usercould simply take the Prover asanaugmered front
endto thelsakelle tool, but for desgn verification theDOVE Tactics will largely sufice.

7.2.1 The primary tacticsof the DOVE proof strategy

To beagin the disaussion of DOVE’s usertactics, consder the three tacticswhich implemen
the backsubsitution strateyy.

ForwardsInduct TheForwardsInduct tacticislikely to bethefirsttacticusedin mostDOVE
prods. It maybeappledto ary goalof theform

Always A1, ...,Always Ap,
Initially/q,...,Initially Ip,
Hq, ..., H,

|- Always P

andintroducesthe subgpal

Always A1, ...,Always Ap,
Initially /q,...,Initially Imp,
Hq, ...,H|,

Previously Always P

|- Always P
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Thisis simplytheinductive hypathesisdisaussedearlier, asbecanesclearif onewasto decanpose
unde First andNot First to getthe equivalentrepresendtion in termsof two sulgoals: the
initial case

First, Always A4, ...,Always Ap, I1, ..., Im|- P

(sinceary Previously hypothesisis trivial whenFirst holdsasexplainedin2.7), andtheinductive
step

Not First, Always A1, ...,Always Ap, Previously Always P |- P

Thissplitting is notdone explicitly by theForwardsInduct tactic, sinceit is part of theTopology
tacticdecompaition.

Topology TheTopology tactic usesthe strudure of the statemachire graphto introducethe
stateandtrarsition informationnecesaryfor applying the BackSubstitute tactic descibed be-
low. It analysesthetopdogy informationalrealy preentin a subgpal's hypothesedo determine
all the positionsin the graph which are congstentwith thatinformation. For example,consder
thesubgal

At AllRed |- P

in the caseof the TrafficLights machine Referring to Figure2.l, it is clearthat whenin

the A11Red statethe machie is either in the first configuration, or elseit hasjust performed
NSChangeRed from the NSAmber state,or elseit hasjust perfomed EWChangeRed from the
EWAmber state.Thus,the Topology tacticintroducesthefollowing threenew subgpals.

Not First,
Previously At EWAmber
At AllRed,

By EWChangeRed

|- P

Not First,
Previously At NSAmber
At AllRed,

By NSChangeRed

[- P

First,

At AllRed,
At AllRed
|- P

Thus,

PreviouslyAt B,By T, At E
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uniquely idertify the edge in the stake machire gragh with begin statenodeB, trarsition link T,
and end stak nodeE; i.e., Topology simply performs an edgedecompaition consstentwith
the hypothesesof the given sulgoal. Note in particular that Topology first decanposesunde
First/Not First. As aresut, thePreviously opeatoris alwaysaccompaiedby Not First
in the decanposedsulgoal, which is formally nicerin thatit alwaysis manifesly well-defined
onthe configuation. Thiswill beafeature of all further stegs afterthe Topology tactic hasbeen
applied.

BackSubstitute TheBackSubstitute tacticmakesuseof thedefinitionsof thevarioustran

sitionsto detemine whatmusthave beentruein the previousconfiguationin orderfor a subgal
to betruein thecurren corfiguration. To useBackSubstitute it is necessaryto have hypahese
which predsely determire an exactedgein the stae diagram corresponling to a particulartransk
tion. Thisinformationis geneally introduced through the useof the Topology tacticandhastwo
possble forms.

To usethedefinition of theinitial condition, the subga@l must(in the caseof the TrafficLights
machire) be of theform

First,

At AllRed,
Hq, ..., H
|- P

To usethe definition of any giventranstion, the sutgoal mustbe of theform

Not First,
Previously At B,
At E,

By T,

Hq, ..., H,

|- P

As discusedin Section2.8, the backsubditution processreplacesall occurences of varigbles
chargedby the transtion with their final values. In mary cases the resuting subgpal is logically
trivial andtheBackSubstitute tactic is ableto proveit withoutthehelpof theuser For example,
consder applying back-sibsttution to the subgpal

Not First,

Previously At EWAmber,
By EWChangeRed,

At AllRed

|- ELight =WLight

Sincethe EWChangeRed transition hasaction
Act: ELight « Red

WLight < Red
LastGreen < EW
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backsubsitution resutsin the new subgal
At EWAmber |- Red =Red

which theBackSubstitute tacticimmediatey recoguisesastrivially true, andthus provesauto
maticaly.

7.2.2 Augmentingthe basicstrategy

In mary cass, the initial property to be proved turns out not to be strorg enoudn to be an
invariant unde the statemachie’s transtions. If thisis the casethe userwill cometo a situdion
in which the available assumgbns are not adeiateto prove the property, even with the useof
theBackSubstitute tactic. In this circumstancetherearetwo possihlitie s. Eitherthe property
is nottrue of the stat machire or elseit is true of the stat machire, but is notinvariantunde the
transtions.

The casethat the property is not true may be recogqrisedby the presece of a subgpal which
includesthe hypahesisFirst and which is false The othe casemay be recogised by the
presaceof asubgalincludingthe hypotresisNot First, suchthatthesubgal camotbeproved
eventhoughit appeasto betrue of the statemachine In this secand casethe usershould useAdd
Invariant to enteranew hypothesiswhichwill helpprove therequiredsubgpal.

Add Invariant TheAdd Invariant use tactc is accessedfromthe Interactive submen
of theDOVE Tactics list (by double-dicking with mousebutton 1).

For example,the sulgoal

Not First,

At NSAmber Implies ELight =Red,
At NSGreen

|- ELight =Red

is notimmediatdy provedby simply using backsubgitution. However, it is clearthat ELight is
in factRed in the NSGreen state In orderto proceed with the prod;, the usermay usethe Add
Invariant tactic to inset the addiional hypathesis

At NSGreen Implies ELight =Red
This corvertsthe aborve subgpal to:

Not First,

At NSAmber Implies ELight =Red,

Previously Always (At NSGreen Implies ELight = Red),
At NSGreen

| - ELight = Red
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whichis straichtforwardto prove. Of coursethis bendit doesnotcomefor free, it is now necesary
to prove thetruth of the new invariant. DOVE alsogeneatesa new subgal of the form:

Always (At NSAmber Implies ELight = Red)
|- Always (At NSGreen Implies ELight =Red)

which may be addressedusing ForwardsInduct andthe geneal back subsitution appoach.
Precisey suchanexampleis discusedin detdl in Sectin7.5.

7.3 TheDOVE Tactics frame

The primary tactics of the DOVE proof straegy are accessedthrough the DOVE Tactics
frameontheProver. Onemoretactic appearsin theprimatry list (MasterBlast). Theremainng
tactics appea whenthe bold-facesubmen title is clicked on. Many subgals which appearin
the course of a prod are of a logical complkxity suchthat more specialised tools are required
to discharge them. This is the role of the remairing tactics (someof which are incorporatel in
MasterBlast), whosefunctionality is outined below

7.3.1 Primary tactics

The first threetactics in the DOVE Tactics list, Topology, ForwardsInduct, andBack-
Substitute, have beenexplained in detil in Section 7.2.1. The fourth, MasterBlast, puts
togeherthe Topology decanposition with repededapplicationof BackSubstitute, Boolean-
Simplification andSolveTemporal (discussedbelow)to try to dischage the ensung sub
goals Thus,it is apdied at the point of the DOVE proof straegy where Topology would be
applied (after the application of ForwardsInduct — actually, it is uswally bestto first apply
DecomposeSequent (disaussedbelow)to cleanup the subgpal). In geneal it will thentake the
prod farfrom the stageatwhichMasterBlast wasapgied, well into the DOVE prod strateyy.

The subgpalsremairing afterapplicationof MasterBlast shoud either be solved by its fur-
ther application, or will requre implementingthe Add Invariant tactic asdiscussedabove in
SubSectia 7.2.2 In paricular, it will direcly prove most“simple” propertieswhich largely de-
pendon the gragh topdogy for their veraciy. Thusit is extremely powerful for the userwho does
not want a step-ly-step reco of the proof, and prefers the bigger jumpsto pointsin the proof
whereaddiional invariantsareneeced.

7.3.2 Temporal Machine tactics

DecomposeSequent repeatedy appiessomesimplelogical rulesto eliminate disjunctionsand
conjunctionsin the hypothesesandimplicationsin thetamet. It is agoaod ideato apply this tactic
regularly, soasto keepthe subgpalssmall.

Contradictory Hypotheses solvessubgoalswhich have hypotesesof the form P, Not P.
Suchsulgoalsaretrivially true (“Falseimplies anything”).
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BooleanSimplification evaluaesthetruth valuesof simplesubpropeties,suchas
Red = Green,

andthensimplifiescomplex hypahese andtamgetsusing Boolean truth tables. For example the
hypothesis

Green = Green Implies At NSGreen
is simplified to
At NSGreen

sinceGreen = Green is trivially true.

UnwindLets unwindslocal definitions(cf. Section4.3.7).

SolveTemporal is a moresophisticatedversian of DecomposeSequent, which combines un-
winding of the derived tempord opelatorsandthe repeatedapdication of the tempord decom-
posiion rules. Unlike DecomposeSequent, it will fail andleave the proof stateunchangedif it
canrot discharge the sulgoal.

OpenAlwaysHyps dealswith tempoal seqentswith ahypotesisof theform Always H, where
thefactsinside H areneecdto solve the subgal. It “opens” the “Always” hypathesisto expose
H anddischalgesthe subgpal if possble via SolveTemporal-typetactcs.

7.3.3 Interactive tactics

Note that to select the Interactive tacticsapprgriatdy the usermustdoule-click (with
mousebutton 1).

AddInvariant wasdiscussedaborein SubSecbn7.2.2

AddTemporalFact requrestheusertoinsertthe nameof thedesiedtempoal property into the
Current Tactic frame. The userthensimply presesApply, the resultof which is to addthe
fact correspomling to the choen temporalpropety to the hypothresedist of the current sulgoal.
The namecanbe insered after placing the text insetion cursa in the Current Tactic frame.
Alternatively, asdirected at the bottom of the Prover window, bring up the Theorem Browser
by pressngtheMatch Theorems button. Ensue thatthe currert statemachire theol is selected
in the Theory Names list. Selectthe Temporal Facts option of the View menuontheTheorem
Browser, andthenselectthetheaemto be includedfrom the Theorem Names list usingmouse
button 2. Thiswill insett thetheoemnameinto the Current Tactic window, andtheusermust
thensimply pressApply.
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ApplyTemporalRule is a tactic for the advanad use. It resohes one of tempora rules —
which typically reside in the MachCortheay — agairst the active sulgoal, and deak with the
techrical subgpals which result Otherwiseit is similar to Resolve (Intro) in the Basic
Tactics list. The nameof the rule can be inseted into the tactic in predsely the sameway
asfor AddTemporalFact.

ApplyInstTemporalRule is anotltertacticfor theadvanceduser It is anextenson of Apply-

TemporalRule which allows meta-variable in the rule to be instantiaied. Thus, it is similar to

Resolve Instantiated (Intro) in theBasic Tactics list (Isabelle’s “res-insttac”). This

is particularly usdul whena givenrule mayunify agairstthe active subgpalin anumbe of ways,
sotheinstantiaion is usedto disambguatethe applcation.

7.3.4 Configuration tactics

GetConfig extracts simpleconfiguation properties from the hypahesesandthe target to pro-
ducea non-emporalsubgoal. The SolveConfig andthe SimplifyConfig tacticsmaythenbe
usedto dischage the sulgoal. If thesefail it will be necesary to reasm usingIsakelle’s bast
logical prod rules.

SimplifyConfig appleslsabdle’ssimplication packageto aconfiguation(nontempoal) sub-
goal. Suchsubgoalsare nomally introducedby the GetConfig tactic. This tactic will often
discharge simplesubgalsaltogethe.

SolveConfig invokeslsabele’s soplisticated classcal rea®ning packageto solve a corfigura-
tion (non-empora) subgpal. Suchsub-galsarenomally introducedby the GetConfig tactic. If
SolveConfig fails to dischage a subgpal the proof stateis left unchanged.

Note that thesecorfiguration tactics take careof the othe form of “contradicton” similarto
Contradictory Hypotheses, but wherethe hypothesesare of the form v = x, v = y wherev
is a stak variabke andx, y aredistinct consants. Simply reduce to a configuation property via
GetConfig andthenapdy SolveConfig to solve by contradidion in the hypotheses

7.4 Intr oductory Tutorial: the DOVE proof strategy

Recallfrom Section2.8 that DOVE's recanmendedprod strategy makes useof indudion
and bad-substitution. In this sectim this straegy is descibed in detal by applying it to the
EWLightsEq property desribedin Section6.3. This application usesthe mostimportant of the
powerful prod tactics provided by the DOVE system. While applying the prod steps the user
shoud alsowatch the statemachire graph to seethe implemenation of prodt visualizetion as
discwssedn thelastsecton.

It is assumedht this point that the reacer will be familiar with the DOVE tool, atleag at the
level of the tutorialsin Sectiors4.5, 5.4, and6.3. Hence,therewill not be the sameattertion to
pedaogyasin those sectians.
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Thefirst stepin proving the EWLightsEq propety is to enterprod modeand highlight the
property by selecting it in theProperties Manager window with mousebutton 1. Thenenterit
into theProver following the stepsexplainedin Sectior6.2.2

7.4.1 Induction

The first stepin a DOVE proof is generdly performed by applying the ForwardsInduct
tactic. This mayonly beapgdied to a subgpal of theform

Hy, ...,H;| - Always P

andit is for thisreasorthatit is recanmendedseeSectior?.7) thatall stak machirerequiremens
beformulatedin this way.

In order to applythistactic, click ontheForwardsInductitemin theDOVE Tactics list and
click onthe Apply button. Theeffectin this caseis to replecethe subgpal

|- Always Elight =Wlight
with theinductive subgal

Previously Always Elight =Wlight
|- Elight =Wlight

7.4.2 Topology

The next stepis to introduceinformation from the statemachire gragh so asto allow the
applicationof backsubsttution. Click onthe Topology itemin theDOVE Tactics list andthen
ontheApply button.

Thedecanpositonunder First givestheinitial case

First,

At AllRed,

Previously Always Elight =Wlight
|- Elight = Wlight

while the projectiononto Not First givestheindudive-cag. The Topology tactic thendeter-
minesall thosebegin-state transtion, final-statetripleswhich appearin the statemachinegraph

andareconsstentwith the subgpal’s hypothesislist. In this casethere is nothing in the hypothesis
list to restrict the allowedtranstions, sothetactic geneatesten moresulgoals,eachof the same
form; for example,

Not First,

Previously At AllRed,

At NSGreen,

By NSChangeGreen,

Previously Always Elight =Wlight
|- Elight =Wlight
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7.4.3 Back-substitution

Thefinal stepin the prod is to introduceinformationaboutthe actiors performedby the vari-
oustrarsitions (including initialisation). To do this, click onthe BackSubstitute item from the
DOVE Tactics list andthenonthe Apply to All button. TheApply to All button appliesa
tacticto every remainirg subgral. Whenapplied to theiniti al-ca® sulgoal,theBackSubstitute
tacticintroducestheinitialisation condtion asa hypothesis.Whenapgdied to a trarsition sulgoal,
it replaceseachvariable appearingin the subgoalwith the valuecalaulatedby the transtion’s ac-
tion andintroduces thetranstion’s guardasanassumption. In both casest thenattemptsto apply
afew simplelogical rulesto eliminate trivial subgals. In this caseall of the subgoalsaretrivial
andthetacticis ableto dischaige themandthe property is proved.

To seewhy thisis so,consdertheeffectof backsubditution on a cougde of thesubgpals. The
reade will find the discussia in Section 2.8 very usefd here. In fact, the examplegiven there
encanpassesll thetechncal detaik of the examples in this secton.

In the initial-casesulgoal, backsubsitution simply resuls in theinitialisation condtions be-
ing addedto the hypotesislist, yielding*? the subgpal:

First,

NLight =Red,
SLight =Red,
ELight = Red,
WLight = Red,

At AllRed

|- Elight =Wlight

This subgal is proved by observing that both ELight andWLight have the valueRed andare
therdore equal TheBackSubstitute is ableto recogiseanddischarge sud a simple subgal
automadically.

In thecaseof theBy NSChangeGreen subgal presetedin the previoussub®ction the effect
of apdying backsubditutionis:

At AllRed,

Elight =Wlight,

Previously Always Elight =Wlight
|- Elight = Wlight

In this casetherequred target property appeas asa hypothesisandthe BackSubstitute tactic
is ableto dischamge the subgral automaically.

A moreinterestingsubga@l cenerson the EWChangeRed trarsition.

Not First,

Previously At EWAmber,
At AllRed,

By EWChangeRed,

?Recallthata “Previously” hypothesigs trivial in theinitial configuration sowe have droppedit here.
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Previously Always Elight =Wlight
|- Elight =Wlight

In this case, the simplebadk-substitution processyields the sulgoal

Elight =Wlight

At EWAmber,

AmberTmOut < time, Previously Always Elight = Wlight
| - Red =Red

TheBackSubstitute tactic is able to recgynisethatRed = Red anddischagesthe sulgoalauto
maticaly.

Thefactthatall thesubg@lsareprovedby theBackSubstitute tacic showshattheMasterBlast

tacticwill prove the propertyimmedigely. The usercanverify this, by applying it directy after
theForwardsInduct step.

7.5 AdvancedTutorial: proof managenentin practice

Thistutorial sesgon preentsamoreadvancdlook atthesuppat for the DOVE prodf stratey
via the useof Basic Tactics alongsidespecfic DOVE tactics. The tactics which were deat
with in the previous tutorial will not be elatorated Rather this tutorial will concentrateon the
new ideas It is quite easyto readafter completng the previoustutorial, since the moretechrncal
aspets appar in Sectian 7.6. Thefirst time reade could simply foll ow the prod stefs asa way
of seeingwhatis availablewith somemoreeftort. If thereis confusionwith theinstructionsatary
point in the tutorial it may be uselil to compae the stepswith those givenin the prod scriptsin
Subsedbn 7.6.2below

The fundamentalpropertiesof the TrafficLights stat machinecanbe summarizedasthe
colous of the lights in eachstate Two suchproperties areprovedin this tutorial. Thefirstis the
property EWAmber NRed thatspedfies the colour of NLight in the stateEWAmber,

|- Always (At EWAmber Implies NLight =Red)

The usershauld now opena property setcalled Tutorial in the Properties Manager, and
inset the propety EWAmber_NRed (as explained in Section6.3). The proof of this propety is
presetedasanexampleof introducing a“lemma” during the proof process.

Thata further lemmais required canbe undestoa from the statemachinediagiamin Fig-
ure2.1, asnow explained.Back-swbstitution dragsthe prodf obligaion bad to the stateEWGreen,
whereit decanposeainde the Topology tactic to two cases.

e By EWChangeGreen, whichis draggedbackunde theBackSubstitute tacic to the stae
AllRed. ThattheNorthlightisRed in A11Red is manifestwhenLastGreen = NS, asis im-
plied by the precandition of thetransition EWChangeGreen. For, thebacksubsitution along
NSChangeRed, andtheinitial predcateapplicablefor theFirst cagin A11Red, obviously
imposeNLight = Red, while backsubsttution along EWChangeRed requiesLastGreen =
EW andproducescontradidory hypotheses.
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e By WaitNS, for whichthecorrespomling subgral hasthe form

Not First,

Previously At EWGreen,

At EWGreen,

By WaitNs,

Previously Always (At EWAmber Implies NLight = Red),
At EWAmber Implies NLight =Red

|- NLight =Red

Underthe BackSubstitute tacticthe stae retumsto EWGreen. However, the hypaheses

abou the stateEWAmber areclearly of nousein proving something abaut EWGreen. Hence,
this sulgoal cannd be directly proved by backsubditution. However, thefad thatNLight
is Red in the stateEWGreen is manifesly correctfrom thedefinition of theTrafficLights

statemachine

Thusthis secom item brings up the requredlemma,the property EWGreen NRed which specfies
thatNLight is alsoRed in the stateEWGreen,

| - Always (At EWGreen Implies NLight =Red)

The usershauld also enterthe property EWGreen_NRed into the Tutorial property setin the
Properties Manager, andthensave the statemachire to permanatly save the propertiesfor
laterreference.

Therearetwo waysto introducethe new property asalemmafor prodf during acurrentprodf
sessn:

1. by enteing the property into the prover via the Properties Manager (as discussedin
Section6.5) whenits needarises, asan intermedate lemmarequiring indepenant proof,
andthenswappng backto the original prodf sessim andcutting in the newly proved fact
using theAdd Temporal Fact option unde theDOVE menu;

2. by cutting in the desred factusing Add Invariant andproving it aspartof the original
prod sesson.

Both of theseapproachesarenow outlined.

7.5.1 Intermediate lemmamethod

Enterthepropety EWAmber_NRed (definedabore)into theProver viatheProperties Manager
asdiscusedearlier (userconfirmatio is requred), and openthe current proof history via the
Proof History (Current) optionof theView menu.

As the property is of the“Always” form, thefirst stepis to apply ForwardsInduct. Do this.
Now bring the stateinformationover to the hypahesesf the seqent by seleding Decompose-
Sequent from thelist of DOVE Tactics andthenpressingApply. Next, select Topology and
pressApply. Thereasm for applying DecomposeSequent first, ratherthanimmediatey applying
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Topology asin the previoustutorial, is thatthenthe stateinformationin the hypothesedimits the
numberof casesn the toplogy — only two trarsitions enterthe stae EWAmber— andthusgreatly
simplifiesthe prod.

TheFirst subgpal (sulgoal3) is rathereasysinceits hypahesesreclearly in contradictior®
—if First thenthe statemustbe A11Red, but by hypottesisthe stateis EWAmber!

First,

At AllRed,

Previously Always (At EWAmber Implies NLight = Red),
At EWAmber

| - NLight = Red

Precisey this situationhasbeendealtwith in SubSectin7.3.4 Make subgal 3 theactive subgpal
by clicking onit with mousebutton 1. Fromthe Configuration submem theusershoud apply
GetConfig, followed by SolveConfig. Thesubgpalis thendischamged.

Note that sucha situaion could occurquite often in suchprods, soit maybe niceto make a
“mastertactic” whichcombiresthestwo into onestep.Thisis alsoagoodillustrationof instaling
User Tactics andusingthetacic treerepresentadion of the prodf. Thereto,bring up the tactic
treerepresentaion at this stage by selecting the Tree Display option of the View menu. It will
appear asshownin Figure7.4.

In partiaular notethatthe third brand (from theleft) ends in a bladk dot, indicating that this
third sulgoal hasbeendischaged (in two step3. Thesecad brarch is “waiting” with areddot,
indicatingthatit is the active subgpal. “Cut out” thelasttwo stepsof the proof (the configuration
tactics) by clicking with mousebutton 2 on the nodewherethe cut shodd be made—i.e.,onthe
top (secand to last) nodeof the third brarch. The two nodesof the third brarch will thenturn
green andthe combnedtacic will bedispayedin the Current Tactic frame. Now select the
Install Tactic option of the Tactic menu,andwrite, say the nameMasterConfig in the
dialog box which appears,andthen pres OK. The tactic is then automaically instdled in the
User Tactics frame.

As an exampk of its use go backtwo stefs in the proof — by selecing the Chop option of
the Proof menu(twice) — to the situation after the appication of the Topology tactic. Obsewve
the behaviour of the Tactic Tree andProof History windows. Now apply MasterConfig,
noting thatthethird sulgoalis dischaigedin onestep.

Thesubga@lsarenow readyfor badk-substitution, aswill befamiliarfromtheprod of EWLightsEq
in the previoustutorial. SelectBackSubstitute andpres Apply to All. The subgal cor-
respading to the WaitTO loop is solved, while the other subgal is dragged back to the stae
EWGreen.

At this point, subgpal 1 reads

1.MaxCars < NCars + SCars,
At EWGreen,
At EWAmber Implies NLight =Red,

BAlthoughit will belabouringthe pointfor readerswith amathematicabackground, it is otherwiseworth recalling
thatthestatemenh Implies Bistrueif A isfalse.
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Figure 7.4: TreeDisplay after configuration tactics applied

Previously Always (At EWAmber Implies NLight = Red)
|- NLight = Red

The hypothesesabaut what EWAmber implies areclealy uselessfor proving the staementabou
the stak EWGreen. In fact, they cansimply be removed** by applying the tacticMach_thinL —
androtating the hypathesessinceMach thinL removestheleft-most hypothesis.

To carty out the hypathese pruning, sele¢ ApplyTemporalRule in the Interactive sub
menuof the DOVE Tactics list (by doubke-clickingwith mousebutton 1). The Prover insers
thetacticApplyTemporalRule tac [] intotheCurrent Tactic window andwaitsfor theap-
propriatetempoal rule to beinsatedinto the squae bradets. Now put the mousecursor into the
squae bracletsandtypein Mach thinL, andthenpressApply. Theleft-mog hypothesiswill be
removed.

For analtemative meanf application, asdirectedatthe bottom of theProver window, bring
uptheTheorem Browser by presingtheMatch Theorems button (afterapplying Chop from the
Proof menuto retum to undo the lastprod step. Selectthe A1l Theorems option of the View

This is an optional step,which is appliedherefor two reasons:it canbe good practicein long proofsto keep
the hypotheses managehle size; andthe applicationdemorstratesoneway to applyBasic Tactics! However, as
discussedelav in Subsectiory.6.1, deletinginductive hypotheseganin generalbe very dangeros whenusingthe
DOVE backsubstitutionstrategyy. For, in genera by back-substitutiorthe proof burdenwill be draggedall the way
backto the statewheretheinductive hypothegsdo matter
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menuontheTheorem Browser, selectMachCor in theTheory Names list using mousebutton1,
andthenselecttheruleto beapplied(MachCor.Mach thinL) from theTheorem Names list using
mousebutton 2. This will insett the theaem nameinto the Current Tactic window, andthe
usermustthensimply pressApply. This methodcanbe usefd in thatit canallow the advanced
userto perusehe matcting theoremsandfind ausefu one.

The next hypothesisis the stateinformation we wantto keep so we first rotate it to theend
by applying (in the sameway) thetemporéa rule Mach_exchange. (Actudly, theuse cansimply
delee the content of the squae bradketsin the Current Tactic window andreplaceit with
Mach_exchange, andthenpressApply.) Now applyMach_thinL twice more,at which point the
subgpalis simply

1.At EWGreen |- NLight =Red

Clearlythis is a new resut which mustbe proved. In fact, it is a consequere of the property
EWGreen NRed (defined above). The strakgy now is to first prove the propety EWGreen NRed,
andthento usethis factto prove the remainng subgpal. So, ente the property EWGreen NRed
into the Prover via the Properties Manager asustal. DOVE asksthe userto cornfirm thata
new proofis requred,andthenloadsin the propety to be proved. Notethatthe Proof History
window cortaining the currert proof history changesto bethatof EWGreen NRed.

The proof of this property goesalongthe samelines asthe above. In fact, the usershout
follow es®ntialy the samestepswithout bothering to thin the hypatheses, until the remairing
subgpalreads

1.LastGreen = NS,

At AllRed,

At EWGreen Implies NLight =Red,

Previously Always (At EWGreen Implies NLight = Red)
|- NLight = Red

Now that the proof burden hasbeen dragged backto the A11Red stat, the now-familiar methal
solvesit: apply Topology, andthenselectBackSubstitute andpressApply to All. After
complding this stepDOVE greds the userwith the messag that EWGreen NRed is proved The
usershauld pressOK, at which point the ML imageis updatedto contan the new theoem. The
usershoud save the prodf of EliGreen_NRed into a proof script file using the Save option of the
File menu.

To now retum to the proof of EWAmber_NRed, select it unde the Swap menu. The fact
which hasjust beenproved canbe “cut in” to the hypahese of subgpal 1 by using the tactic
AddFact_tac. To do this, select the Add Temporal Fact option'® in the Interactive sub
menuof theDOVE Tactics list (by double-clickingwith mousebutton 1). TheProver insers
thetactic AddFact_tac [] intotheCurrent Tactic window andwaitsfor theappopriate tem-
poralfactto beinseredinto thesquarebrackets. Now putthemousecursor into thesquarebraclets

151t may strike the userasstrangethat the theoremEWGreen_NRed is not appliedto prove the subgoalin the same
way as,say thinL wasusedabove. Thepointis that—while it certainlycontaingtheinformationrequiredto prove the
subgod— it is not of the preciseform to patternmatchon the form of the subgoal. ThetacticAdd Temporal Fact
takescareof this simpleproblem.
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andtypein Tutorial EWGreen NRed, andthen pressApply. Thealternative apgdication through
the Theorem Browser, asdiscusedabove, canalsobeused

Fromtheform of the sulgoal

1. At EWGreen,
Always (At EWGreen Implies NLight =Red)
|- NLight =Red

it is now clea that the prod is essatially finished. However, it is necesary to first extrad
the curren stateinformationfrom the “Always” hypothesis. This is the resultof anotter rule,
Mach HasAlwaysL, in the MachCor theory. Apply it'® via the tactic ApplyTemporalRule as
descibedabove. Therestut is

1. At EWGreen,

At EWGreen Implies NLight =Red

Previously Always (At EWGreen Implies NLight = Red)
| - NLight = Red

Thisfinal subgal canbe dischargedby applying SolveTemporal from theDOVE Tactic list.

Again theuse is told thatthe prodf hasbeen compleed,andmustpress OK. At this point the
usershauld save the prod into a prod script file using the Save option of theFile menuonthe
Prover. It is alsogood managmentto save the stae machire via the Save option of theFile
menuof the Edit window. This recadsthe staus of the properties asbeing proved

7.5.2 Add Invariant method

Now re-enterthe property EWAmber_NRed into the Prover via the Properties Manager as
usud. The begginning of this proof follows precisely the stegs given above, so the usershoutd
reped themand stopjust before loadng the property EWGreen NRed into the Prover, at which
point the subgoalto be provedis

1.At EWGreen |- NLight =Red

Instead of introducing the desred proof asa new property, it may be introducel asa factto be
provedin thecurrent proof. To dothis, selectiddInvariant from the DOVE mend’ (by dowble-

clicking with mousebutton 1). It will save theusertime if thetext of subgpal 1 is first putinto the
clipboardbuffer. Thenit may be inseted into the window broudght up by Add Invariant, and
edited'® to theform

16To understad moreaboutwhenthe pattern-matchingo the subgoawill work, the usershouldexamineSubsec-
tion 7.6.3

"For amoregeneraldiscussiorof thefunctionof theAdd Invariant tactic,seeSubsection.6.1

18The needfor this editingwill not beimmediatelyobviousto the user sinceagainit is simply to ensurethe correct
syntaxgiventhetemporalsequenstructureof the DOVE dedictive system.Theinvariantmustbe statedasatemporal
formula, nota sequentAlthoughthetranslationis a “triviality” for the user giventhatpattern-matchings atthe basis
of prooftoolsit mustbe doneexplicitly in DOVE.
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At EWGreen Implies NLight =Red.

Onpressng OK, this statenentis insettedinto the hypothesesf the subgal, andafurther subgal
is creaedwhich enforcesthatthe statemenbe provedto betrue. At this pointthen the prod stae
is

1. At EWGreen,

At EWGreen Implies NLight =Red,

Previously Always (At EWGreen Implies NLight = Red)
|- NLight = Red

2. At EWGreen |-

Always (At EWGreen Implies NLight =Red)

Apply SolveTemporal to solve subgpal 1.

The prod shauld now be completedby following the steps usedto prove EWGreen NRed in
the previous subsetion. A corveniert way to achie\e thisis to bring up the proof history for that
prodf, via theoption Proof History (Other) of theView menu.Thendesredprod stepscan
be apgdied simply by doude-clicking on the proof history (taking account of theadvice inE.2.3.

Again, on compldion the useris told thatthe prod hasbeen compléed and mustpressOK.
At this point the use shoud sarve the prodf into a proof script file — asthe previous prod of
EWAmber NRed hasbee savedinto thefile Tutorial_EWAmber NRed.prf, it is bestto usethe
Save As optionof theFile menuto save underadifferentnamesuchasTutorial EWAmber NRed new.prf.

7.5.3 UsingMasterBlast

The above prod's give quite a good overview of the DOVE proof straegy. Recallthat (an
extengon of) part of this strateyy hasbeenautomaically enmdedin the MasterBlast tactic
namely the Topology tacticfollowed by repeatedapplications of BackSubstitute andvarious
automaic solution tacticals. Not surpiisingly, usingthis tactc givesa muchshoter proof. The
usermaywish to redothe proofs of thesepropertieswhile incorporatng theMasterBlast tactc.
If desiral the proof scriptcanbesaved. It is bestto usetheSave As optionof theFile menuto
sase unde anev name suchasTutorial EWAmber_NRed_MB.prf.

Sincethe structure of the proof is someavhat similar, it is not necessaryto give detdled ex-
plandions of how to do this. The usershoull consult the appr@riate prodf scripts in Subsee
tion 7.6.2if thereis ary uncetainty in how to proceed.lt is interestirg to seehow the appication
of MasterBlast at the third prod stepin the proof of EWAmber_NRed immedidely leadsto the
decison point for introducing thenew invariantEWGreen NRed. Also, notethatthe optional stegs
for clearing up the hypothesesprior to introducing the new invariant have not beenimplemeried
in the prod script Tutorial EWAmber NRed MB.prf.

7.6 Methodsusedin the AdvancedTutori al

In this section the method usel in the advancedtutorial areelatorated. This shoul helpin
undestandng boththe context in which they areused aswell ashow they areused.
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7.6.1 Keepinginvariants usingAdd Invariant

In theabove AdvancedTutorial, Add Invariant simply providedanother meansof introduc-
ing arequred factand estaltishing its prodf. More gererally, the berefit of Add Invariant is
thatit givesa straichtforward way to add new factswhile at the sametime keepng the known
factswhich maybeusedlateralongthe backsubditution path In keegping with the overall DOVE
stratayy, its usecanbe explained in the following way. The prodf of a given property is estab
lishing aninvariantof the sygem. As the proof proceedsit may be foundthatothe invariantsare
required,andmustalsobe estaltishedaspart of the overal prodf. Add Invariant keepsall the
invariants manifestin the hypotheseswhile construcing further subgrals correspomling to their
prod requirement.

A scerario wherethis constuction is essatial would ariseif the LastGreen variablewasnot
usedin the TrafficLightsmodel Thevalueof LastGreen, asinsetedin backsubsttution through
a transtion precordition, was crudal in allowing the proof straegy to terminatein the A11Red
state If LastGreen wasnotusedthen the proof would notterminateat all!

However, in this caseconsiertheproperty A11Red NRed thatspecifiesthecolour of theNorth
light in the stateAl1Red,

|- Always (At AllRed Implies NLight =Red)

SincetheLastGreen variableis notincluded,backsubsitution goesthroughbothof theEWChangeGreen
andNSChangeRed trarsitions. Thelatter is clealy trivial. But, asin the Advanceed Tutorial, in the
EWChangeGreen pathnew invariantscorrespondng to the colour of the North light in EWAmber
andEWGreen mustbeincluded. UsingAdd Invariant to include themkees theinductive hy-
potheses

At AllRed Implies NLight = Red
Previously Always (At AllRed Implies NLight = Red)

in the hypothesedist of the correspording sulgoals This is crudal sinceby backsubsitution
alongthis paththe proof obligationreturnsto the A11Red state

The userwill notethatthis examplealsotiesin nicely with the previousdiscusion warning
agains carelesspruning of indudive assumptions For here it is essentl to keepthe hypaheses
if this prod procedureis to work.

7.6.2 Proof scripts

Theprod scripts of theabove prod's weredepositedin files: into EWAmber. NRed . prf andEW-
Green NRed. prf for theconcurentproof, andinto EWAmber_NRed_new. prf for the proof using
Add Invariant. Theusermaylike to look at thesefiles. The proof scripts for the concurrert
prod are

by (ForwardsInduct 1);

by (DecomposeSequent 1);
by (Topology 1);
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by (GetConfig 3);

by (SolveConfig 3);

by (BackSubstitute 1);

by (BackSubstitute 2);

by (ApplyTemporalRule_tac [Mach_thinL] 1);

by (ApplyTemporalRule_tac [Mach_exchange] 1);
by (ApplyTemporalRule_tac [Mach_thinL] 1);

by (ApplyTemporalRule_tac [Mach_thinL] 1);

by (Mach_AddFact_tac [Tutorial_EWGreen_NRed] 1);
by (ApplyTemporalRule_tac [Mach_HasAlwaysL] 1);
by (SolveTemporal 1);

ged Tutorial_EWAmber_NRed;

and

by (ForwardsInduct 1);
by (DecomposeSequent 1);
by (Topology 1);

by (MasterConfig 3);

by (BackSubstitute 1);
by (BackSubstitute 2);
by (Topology 1);

by (BackSubstitute 1);
by (BackSubstitute 1);
by (BackSubstitute 1);
ged Tutorial_EWGreen_NRed;

The “1” in, for example, “by (ForwardsInduct 1)” derotesthat this stepis appied to
subgral 1. It is automaitcally inseted into the proof script as detemined by which subgal is
beingworkedon (i.e., by which subgpal hasbeen highlightedred by clicking with mousebutton
1). Also, the lower subgpalsare automaically renumbeed whena given sulgoal is dischaiged.
That explains why, for example,by (BackSubstitute 1) appearsthreetimesin arow atthe
endof the prodf of EWGreen_NRed.

Theprod histary for the proofusing Add Invariant is

by (ForwardsInduct 1);

by (DecomposeSequent 1);

by (Topology 1);

by (MasterConfig 3);

by (BackSubstitute 1);

by (BackSubstitute 2);

by (ApplyTemporalRule_tac [Mach_thinL] 1);

by (ApplyTemporalRule_tac [Mach_exchange] 1);
by (ApplyTemporalRule_tac [Mach_thinL] 1);

by (ApplyTemporalRule_tac [Mach_thinL] 1);

by ((add_invariant_tac "@-EWGreen Implies (NLight = Red)") 1);
by (SolveTemporal 1);



by
by
by
by
by
by
by
by
by
by

(ForwardsInduct 1);
(DecomposeSequent 1);
(Topology 1);
(MasterConfig 3);
(BackSubstitute 1);
(BackSubstitute 2);
(Topology 1);
(BackSubstitute 1);
(BackSubstitute 1);
(BackSubstitute 1);

ged Tutorial_EWAmber_NRed_new;

Theprod histary for theAdd Invariant proofusingMasterBlast is

by
by
by
by
by
by
by
by
by

(ForwardsInduct 1);
(DecomposeSequent 1);
(MasterBlast 1);

((add_invariant_tac "@-EWGreen Implies (NLight = Red)") 1);

(SolveTemporal 1);
(ForwardsInduct 1);
(DecomposeSequent 1);
(MasterBlast 1);
(MasterBlast 1);

ged Tutorial_EWAmber_NRed_MB;

7.6.3 A brief look atthe Basic Tactics used
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In thislastsubgctionthevariousBasic Tactics whichhave (or coud have)bean usedin the
Advanceal Tutorid arebriefly discussed.The informal explanatiors hereshauld be consideredin
conjunction with theresuts obtainedwhenusingtheserules atintermediatestagesof theproofs. In
theseexplamations we usethe “natural dedwction” syniax, asintroducedin Sectiory.1.2 wherea
therules arelisted in Appendi C in standrd Isakelle syntax. Thus,the discussio hereshoub
alsohelpin undestandng thatAppendx.

Consicerthepassageof stepswhich pruned usdesshypahese from the hypahesedist, using
thetheoemsMach_exchange andMach_thinL. As givenin Appendx C, these rules® are

Mach_exchange:

and

LeftExtending G LeftExtendingH $G, $H,Q,P |-R

Mach_thinL:

$G,P,$H,Q |-R

LeftExtendingH $H,$G|-P

$H,R, $G |- P

®HeresG, e.g.,standgor anarbitraryhypothesidist of propertieswhile P (withoutthe $) is a singleproperty
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Recallthatthey areapdied in a goatdireded (“backwards) proof systan. Thus,whenmatchirg
to agivensubgal theusershodd matchthe RHSof therule (i.e.,theRHSof the meta-impication
==>) to the subga@l. Correspndingly, in the naturd dedwction synta the usershauld matchto
“below the line”. Theresut of appling therule will thenbe givenby its LHS (one subgpal for
eachently sepaatedby semicobn) —“above theline” for the natual deduction syntax — with the
subgitutionswhich allowedthe matching. Thus,upto theLeftExtending part,Mach exchange

simply rotates thefirst hypahesisto belast,andMach thinL deletesthefirst hypahesisfrom the
hypothesedist.

TheLeftExtending sulgoalsnever appar in the sulgoalslisted in the Prover window, as
theuserwill have discoveredearler in the tutorial. This is becaisethe tacticals which apply the
rules suchasApplyTemporalRule, have autbmaticaly solvedthembefore retuming the resut.
Indedd, they aresimply techrical baggag needadin the modeling of sequentsby hypothesedists
in away which is corvenientfor unifying with geneal sulgoals. The advancediserwill realise
thatdischamging theseLeftExtending subgpalsis whatdistinguishes,say ApplyTemporalRule
fromResolve (Intro) oftheBasic Tacticslist. Fromnow onwewill ignoreLeftExtending
subgpalsin disaussiasof therules.

Now corsidertherule Mach HasAlwaysL, which wasuse in the conairrentproof,

LeftExtending E  $E, P, Previously(Always P), $F |- R

Mach_HasAlwaysL: SE Always P.SF |- R

Againreadng rightto left, this simply breaksup afactwhichis alwaystrueinto the correspondng
factfor the currert state, andthe statementhatthe factis trueat all previoustimes.

As a more advanced observation, note that the tactic DecomposeSequent hasbeen useal to
take, for example,

1. First|- At EWAmber Implies NLight = Red
to
1. First, At EWAmber |- NLight =Red

This is a conequerte of the DOVE rule Mach_impR which is usedin the DecomposeSequent
tactical,

LeftExtendingH $H,P|-Q
$H |- PImplies Q

Mach_impR:

It maysometime bedesirdle to usethisrule, particularly if the userwantsto concentrateon one
subgral wherethe taiget god hassereral conjunctionsin the condusion of animplication For
DecomposeSequent alsocortainstherule

$SH|-P S$H|-0Q
$H |- PAnd O

Mach_conjR:
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which breaksup a setof target conjunctionsinto sepaate subgrals. However, given the facility
Apply to All, thismaysimply beamatterof taste.

Also, thetactic SolveTemporal hasbheenusedto solve subgoalsof theform
1. At EWGreen, At EWGreen Implies NLight =Red |- NLight =Red
Theuserwill now observe that thisis acongequerte of therule

LeftExtendingH $H,$G|-P $H,Q,$GI|-R
$H, PImplies Q,$G |- R

Mach_impL:

followed by two apdications of therule

Mach basic: LeftExtendingH
PSS TSH P SG |- P

Theserulesareincludedin theSolveTemporal tactical. Applying Mach impL producestwo sub
goalswhich saythatit is enaughto prove theanteceden of theimplication, andthenits condusion
canbeuseal asahypahesis

1. At EWGreen |- At EWGreen

2.At EWGreen, NLight =Red |- NLight =Red

Themanifedly obviousrule, Mach basic, provesbothof thesesubgals.

It maybethattheseexampleswill helptheuserto exploretheuseof other rulesin ApperdixC.

7.6.4 Applying constantdefinitions via Basic Tactics

ViatheRule Definition option of theDefinitions menu,the useris able to insett def-
initions of the consaintswhich are being declaed in the desigh of a given stae machne. It is
geneally expeded that the rules definedreally are defintions, in the sen® of equalities which
shoud be applied by rewriting of the constants Examples of suchhave beendiscussedin Sec-
tion 4.5.4.2 In proving propetiesin the statemachinetheoly, the usermay thennea to apply
theserewriting rules to unwind the definitions. In this section we explain the mechaism for
applying therewriting rulesin Xlsabdle, using anexample from the TrafficLights theory

Assumethatwe have definedMaxCars by therule MC_three (seeSectiord.5.4.9, andcon
siderthe property

| - Always (((Previously At EWGreen) And (Previously #3 < NCars)) Implies
Not ELight = Green) .

This is a very trivial example of the use of rewriting, but senesto illustrate the point. After

applying ForwardsInduct, DecomposeSequent, andthenMasterBlast, the only remairing
subgpalis (having prunedaway theirrelevanthypahese’
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1.Not (MaxCars < NCars + SCars),
#3 < NCars
|- False

Herewe would like to applytherule MC three to obtain a contradidion of hypahese.

To dorthis, selectthe Simplify. .. optionin theBasic Tactics frame,andclick onceon
Simplify Subgoal with mousebutton 1. TheProver insetsthetactic simp_tac (simpset()
addsimps []) into theCurrent Tactic window andwaits for the appr@riate rewrite rule to
be inseted into the squae bradkets. Now, as directed at the bottom of the Prover window,
bring up the Theorem Browser by pressng the Match Theorems button. Selectthe Axioms
option of theView menuontheTheorem Browser, sel&tTrafficLightsintheTheory Names
list using mousebutton 1, andthen seled the rule to be applied (TrafficLights.MC three)
from the Theorem Names list usingmousebutton 2. This will insertthe theoem nameinto the
Current Tactic window, andthe usermustthensimply pressApply. Theresutsis to unwind
the definition of MaxCars, leaving

1.Not(#3 < NCars + SCars),
#3 < NCars
|- False

The userthenneed simply apply SolveTemporal to discharge the subga@l. [Note that this is
a configuation subgpal, so the usud GetConfig then SolveConfig tactic is whatis actually
dischagingit.]
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WaitNS WaitEW

EWChangeGreen @ NSChangeGreen

EWChanpeAmber NSChangeAmber

EWChangeRed AN NSChangeRed

tTO

Appendix A The TrafficLights statemachine

theory TrafficLights = DOVE:

startmachine

states A11Red | EWAmber | EWGreen | NSAmber | NSGreen
datatype Colour = "Red" | "Amber" | "Green"

datatype Direction = "EW" | "NS"

consts
"MaxCars" :: "nat"
"MaxTime" :: "nat"

inputs
"ECars" :: "nat"
"NCars" :: "nat"
"SCars" :: "nat"
"WCars" :: "nat"
"time" :: "nat"

heaps
"AmberTimeOut" :: "nat"
"ELight" :: "Colour"
"LastGreen" :: "Direction"
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"NLight" :: "Colour"

"SLight" :: "Colour"

"WLight" :: "Colour"
initpr ed

"(NLight = Red) & (SLight = Red) & (ELight = Red) & (WLight = Red)"

transdef "NSChangeGreen" "
Guard: LastGreen = EW
Act: NLight <-- Green;
SLight <-- Green;"

transdef "EWChangeRed" "
Guard: AmberTimeOut < time
Act: ELight <-- Red;
WLight <-- Red;
LastGreen <-- EW;"

transdef "EWChangeAmber" "
Let: NSnum <-- (NCars + SCars);
Guard: MaxCars < NSnum
Act: ELight <-- Amber;
WLight <-- Amber;
AmberTimeQut <-- (time + MaxTime);"

transdef "NSChangeAmber" "
Let: EWnum <-- (ECars + WCars);
Guard: MaxCars < EWnum
Act: NLight <-- Amber;
SLight <-- Amber;
AmberTimeQut <-- (time + MaxTime);"

transdef "NSChangeRed" "
Guard: AmberTimeOut < time
Act: NLight <-- Red;
SLight <-- Red;
LastGreen <-- NS;"

transdef "EWChangeGreen" "
Guard: LastGreen = NS
Act: ELight <-- Green;
WLight <-- Green;"

transdef "WaitEW" "
Let: EWnum <-- (ECars + WCars) ;
Guard: Not (MaxCars < EWnum)
Act: Skip;"
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transdef "WaitNS" "
Let: NSnum <-- (NCars + SCars) ;
Guard: Not (MaxCars < NSnum)
Act: Skip;"

transdef "WaitTo" "
Guard: Not (AmberTimeOut < time)
Act: Skip;"

graph "AllRed" "

ElWWGreen --EWChangeAmber--> EWAmber
AllRed --EWChangeGreen--> EWGreen
EWAmber --EWChangeRed--> AllRed
NSGreen --NSChangeAmber--> NSAmber
AllRed --NSChangeGreen--> NSGreen
NSAmber --NSChangeRed--> AllRed
NSGreen --WaitEW--> NSGreen
EWGreen --WaitNS--> EWGreen
EWAmber --WaitTO--> EWAmber
NSAmber --WaitTO--> NSAmber"

—_— m— — — o — — - -

endmachine

end
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AppendixB Syntax of DOVE

In using the DOVE tool, the usermustbe ableto write a transition definition in desigiing the
statemachire, andto write a sequent in specfying tempaal properties The following grammar
treessummarizsthe corcrete syntax which the usermustemploy for thes purposes In these
grammarsyve have useda numbe of notaiona devices:

¢ id isanidentfier; i.e.,astring of alphanumert charatersandundescorewhich mustbegin

with aletter;

¢ idtsstand for alist of idertifiers with optional specificaion of type;

o typestand for ary Isalelle type availablein the statemachinetheay;

e expr stand for ary mathemadtal expression(type-corect Isalelle term) in the variables
andcongantsavailablein the stake machinetheory, andfrom ary includedtheaies; and

¢ whereneeddto disambguate the operdor argumentsarespecfied.

B.1 Transition definition

transition definition

let_ expres$on
guard part

actionpart

assigimentlig

ACTION
GETS
GUARD
LET

B.2 Sequen

sequent

formuldist

Ll =0 =1=1- !

-

let_expression
guad_part
action_part

1)

LET assgnmentist

GUARD expr

ACTION assigmentlig

id GETSexpr*;’
assigimentlstid GETSexpr*;’

‘Act”’
L<__l

‘Guard’
‘Let’

formuldist TURNSTILE formula
TURNSTILE formula

formula
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formula

ALWAYS

AND

AT

BY

CONGRJENCE

EXISTS1.. 2.

FALSE
FIRST

FORALL 1_.2_

FROMTHENON

FROMTHENONS

IMPLIES

108
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formuldist *,” formula

formula AND formula

formulaOR formula
formulalMPLIES formula
formulaCONGRJENCE formula
formulaFROMTHENON formula
formulaFROMTHENONSformula
MOSTRECENTLY formulaformula
MOSTRECENTLYS formulaformula
FORALL idts. formula
EXISTSidts. formula

ALWAYS formula

SOMETIME formula

formula

NOT formula

PREMOUSLY formula
PREMOUSLY S formula
INITIALL Y formula

ATid

BY id

FIRST

TRUE

FALSE

expr

-7
‘Always’

‘&

‘And’

‘@’

Af

(o

‘By’

N
‘EquivalentTo’
21 . 2
‘Exists1_. 2
‘False’

“first’

‘First’

11 . 2
‘ForAll 1_. 2
PR
‘FromThenOn’
g
‘FromThenOnS’

-->



INITIALL Y

MOSTRECENILY 1_2_

MOSTRECENTLYS1_2_

NOT

OR

PREVIQUSLY

PREVIOUSLYS

SOMETIME

TRUE
TURNSTILE

e e el e R e e e

‘Implies’

‘init’

‘Initi ally’

<(1D) 2
‘MostReceatly 1 2’
‘<S(1) 2
‘MostReceatlyS1 2
‘Not’

q

‘or

-y

‘Previously’

(S)

‘PreviouslyS’

el

‘Sometime’

‘True’

o
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Appendx C Rulesof temporal logic

TheDOVE proveris aspecidisedverson of the Xlsabelle theoemproverinterface.A gereral
introduction to the useof the DOVE Prover maybefound in Chapte” anda detaled explanation
of the XIsabelk interfacemay be found in the Xlsabdle usermanual[Z]. This appemix presents
alist of thelogical rulesintroducel by the DOVE tool for rea®ning abouttemporalpropetiesin
statemachires. Discusson of geneal logical rulesspedfic to HOL, not DOVE, may be foundin
thereferencemanuallsabdle’s Logics: HOL [11] in theIsalelle distribution.

Therules aredividedinto two categories.

e Thestructural rulesarethoseruleswhich arelikely to appearasmatching rulesin the‘Intr
Rules’box. Theserulesarepresetedin SectionC.L

e Therewriting rulesarea collection of equaities betwea temporallogic formulae. These
rules arepresentedin SectionC.2

Within thesecateyoriesthe rulesare sortad on the nameof the rule accordng to lexicographcal
ASCII ordeing, this meanghatall captalised namescomebeforeary uncaitalisednames

In comparsonto therepregntatonin7.6.3thereacerwill noticethat,aswrittenhere therules
aresomevhatless“friendly”. Thelisting hereis in the syntax usedby Isatelle. Thetranslation is
straichtforward: e.g.,from

P1P>
C
to

[IP1; P2|] ==> C

orvice-versaasrequred. Moreover, Isakelle puts“?” in front of ary freevarialdesin thetheaem
—sowe haveincludedthemin this appendix

C.1 Structural rules

The structural rules are usedto bre& up the strudure of complex logical formulae. It is
frequently a goodideato eliminate asmary of thetempoal operdors aspossible by appication
of thevariousstructurd rules.For this rea®n, a brief explanatian is given of the prodf purpcseof
eachof the structural rules. Notethatthe LeftExtending hypothesesaretechncal baggage,as
discwssedin Section7.6.3 andcanbeignoredon readng.

Someof the simplerrulesare bunded into the simplification tactics in the ‘DOVE Tactics
box.
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Rule

Explanaton

Mach_ExistsL:
[| LeftExtending ?HI1;
llx. $?H1, ?P1 x, $?Gl |- ?E1 |]
==> $7H1, Exists x. ?P1 x, $?Gl |- 7El

split an existentialy
quantified hypothesis

Mach_ExistsR:
$7H |- ?P 7x
==> $?H |- Exists x. ?P x

split an existentialy
quantified goal

Mach_FALSEL:
LeftExtending ?H
==> $7H, FALSE, $?G |- 7R

a false hypothesis
provesarything

Mach_ForAllL:
[| LeftExtending ?HI1;
$?H, ?P 7x, $7G |- 7E |]
==> $?H, ForAll x. ?P x, $?G |- 7E

split a universally
quantified hypothesis

Mach_ForAllR:
Ilx. $?H1 |- ?P1 x
==> $7H1 |- ForAll x. ?P1 x

split aunversallyquan-
tified goal

Mach_FTOinduct_forward:
(?P,?P FromThenOn ?RR’ |- ?RR) -->

(Not ?P, Previously ?RR, 7P FromThenOn ?RR’ |- ?7RR)
--> (?P FromThenOn ?RR’ |- ?P FromThenOn 7RR)

rea®ning forwards to
prove fromthenon

Mach_HBInductForward_noinit:
[| LeftExtending ?GA;
Shbstar (?G []1) (?GA [1);
$?GA, Previously (Always ?R)
==> $?G |- Always 7R

|- ?RR |]

prove always goal by
working forward
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Rule

Explanaton

Mach_HasAlwaysL:
[| LeftExtending 7E;
$7E, ?P,
Previously Always ?P, $?F |- 7R |]
==> $7?E, Always ?P, $?F |- 7R

split alwayshypothesis

Mach_HasAlwaysR:
[l Shbstar (?E []1) (?E1 []);
$7E1 |- ?P |]
==> $7E |- Always 7P

use ary Always hy-
pothesesto prove an
Alwaysgod, the [-]>
opeatorseledstheAl-
wayshypotheses

Mach_Initial_removel:
[| LeftExtending ?G; LeftExtending 7H;
$?G, ?q, $?H, First |- ?p |]
==> $7G, Initially ?q, $?H, First |- ?p

split aninitial stak hy-
pothesis

Mach_Initial_removeR:
[| LeftExtending ?G;
$?G, First |- ?p |]
==> $7G, First |- Initially 7p

split an initial state
god

Mach_PredFALSE:
[| Spredstar (?E []) 7Q;
! ¢. ?Q c = FalseV |]

==> $7E |- 7P

contradidory config-
uraton hypotheses
prove ary goal

Mach_PredLR:
[| Spredstar (?E []) 7Q;
Il c. 2Qc -—> ?P c |]
==> $?E |- ?P

prove a corfiguration
god by collecting con-
figuraion hypotteses

Mach_TRUER:
$?H |- TrueV

arything proves a true
god
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Rule \ Explanaion |

rea®ning badkwards

to prove fromthenon
Mach_back_fto:

[l ?G |- ?RR;
|- ?RR And Previously Not ?RR Implies 7P |]
==> ?G |- ?P FromThenOn ?RR

reamning badkwards

to prove fromthenons
Mach_back_ftos:

[| ?G |- 7RR;
|- First Implies Not 7?RR;
|- ?RR And Previously Not ?RR Implies 7P |]
==> ?G |- ?P FromThenOnS ?7RR

reamning badkwards

_ to prove sometime
Mach_back_sometime:

[l ?G |- ?RR;
|- First Implies Not ?RR;
|- ?RR And Previously Not ?RR Implies 7P |]
==> ?G |- Sometime ?P"

prove a god by hy-

pothesis
Mach_basic:

LeftExtending ?H ==>
$7H, 7P, $7G |- 7P

split a conoined hy-

pothesis
Mach_conjL:

[| LeftExtending 7H;
$?H, ?P, ?Q, $?G |- 7R |]
==> $7H, ?P And ?Q, $7?G |- 7R

split aconjonedgoal

Mach_conjR:
[| $?H |- ?P;
$7H |- 7Q []

==> $7H |- ?P And 7Q
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Rule

Explanaton

Mach_contract:
[| LeftExtending ?Gl; LeftExtending ?7G2;
$?G1, ?P, $?G2, $?G3 |- ?R |]
==> $?Gl, ?P, $?G2, ?P, $?G3 |- 7R

remove dupicate hy-
potheses

Mach_cut:
[| LeftExtending ?G;
SCovered (?G [1) (?H [1);
$?H, ?P |- 7R;

prove goalR via inter-
mediak goalP.

$72G |- ?P |]
==> $7H |- 7R
split a disjoined hy-
pothesis
Mach_disjL:

[| LeftExtending 7H;
§?H, 7P, $?G |- 7R;
$?H, ?Q, $7G |- 7R |]
==> $?H, ?P Or ?Q, $?G |- 7R

Mach_disjR1:
$?H |- 7P
==> $7H |- ?P Or 7Q

prove thefirst partof a
disjunctive god

Mach_disjR2:
$7H |- 7Q
==> $7H |- ?P Or ?7Q

prove the secon part
of adisjunctive goal

Mach_exchange:
[l LeftExtending ?G; LeftExtending 7H;
$7G, $?H, ?Q, ?P |- ?R]|]
=> $?G, 7P, $7H, ?Q |- 7R

chargetheorder of hy-
potheses




DSTO-TR-149

Rule \ Explanaion |

fromthenonextends by

implication
Mach_fto_extend:

[l ?G |- ?P FromThenOn ?RR;
op # ?P |- ?P’ FromThenOn ?RR |]
==> ?G |- ?P’ FromThenOn ?RR

fromthenon is mono-

tonic
Mach_fto_mono:

[l ?G |- ?P FromThenOn ?RR;
|- ?RR Implies ?RR’ |]
==> ?G |- ?P FromThenOn ?RR’

fromthenon is mono-

tonic
Mach_fto_pre_mono:

[||- ?P Implies ?P’;
?G |- ?P FromThenOn 7RR |]
==> ?G |- ?P’ FromThenOn ?RR

fromthenons extends

by implication
Mach_ftos_extend:

[l ?G |- ?P FromThenOnS 7RR;
op # ?P |- ?P’ FromThenOnS ?RR |]
==> ?G |- ?P’ FromThenOnS ?RR

fromthenonsis mono-

tonic
Mach_ftos_mono:

[l ?G |- ?P FromThenOnS 7RR;
|- ?RR Implies ?RR’ |]
==> ?G |- ?P FromThenOnS 7RR’

fromthenonsis mono-

tonic
Mach_ftos_pre_mono:

[l]- ?P Implies ?P’;
?G |- ?P FromThenOnS ?RR |]
==> ?G |- ?P’ FromThenOnS ?RR

this may ariseasa re-

sultof acutapdication
Mach_identity:

$7G, ?P, $7H |- 7R
=> $7G, ?P, $?H |- 7R
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Rule

Explanaton

Mach_impL:
[| LeftExtending 7H;
$?H, $?G |- 7?P;
$?H, ?Q, $?G |- 7R |]

==> $?H, ?P Implies ?Q, $?G |- ?R

split a condtiona hy-
pothesis

Mach_impR:
[| LeftExtending 7H;
§?H, ?P |- ?Q |]
==> $?H |- ?P Implies ?7Q

split acondtiond goal

Mach_mp_like:
[l |- ?RR Implies 7RR’;
$?G |- ?RR |]
==> $7G |- 7RR’

exampke of “cutting”

Mach_notL:
[| LeftExtending 7H;
§7H, $7G |- 7P |]
==> $7H, Not 7P, $?G |- FalseV

split a negated hypoth-
esis

Mach_notR:
[| LeftExtending 7H;
§?H, ?P, $?G |- FalseV |]
==> $7H, $?G |- Not ?P

split anegatedgod

Mach_small_ftoR:
|- ?RR ==>
| - ?P FromThenOn ?RR

split afromthenongoal
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Rule

Explanaton

Mach_sometime_mono:
[l ?G |- ?P Sometime ?RR;
|- ?RR Implies ?RR’ |]
==> ?G |- ?P Sometime ?RR’

sometmeis monobnic

Mach_sometime_mplike:

structuralrule for argu-
ing with sometime

[l ?G |- Sometime ?RR;
|- ?RR Implies (Sometime ?RR’) |]
==> ?G |- Sometime ?RR’
if a and b are equal
sulstitute one for the
Mach_subst: otha
[| ?a = ?b;
?H ?b |- ?P ?b |]
==> ?H 7a |- ?P ?a
drop an unneessay
hypathesis
Mach_thinL:

[| LeftExtending 7H;
$?H, $7G |- ?P |]
==> $?H, ?R, $?G |- ?P

Mach_thinR:
$?H |- FalseV
==> $?H |- ?P

contradidory hypothe-
sescanprove ary goal

if not first cantake not

through previously
NotFirst_Previously_across_Not:
|- Always ((Not First And Previously Not ?P)
Implies Not (Previously 7?7P))
notthrough previously,
othe way

NotFirst_Previously_across_Not_rev:
|- Always (Not First And Not (Previously ?P))
Implies Previously Not 7P
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\ Rule \ Explanaion |

propagate verification
throughfromthenon

fto_persists_also:
|- Always (Previously (?RR And ?RR’)) Implies ?7RR’
==> (?P And ?RR’) FromThenOnS ?RR |-
(?P And ?RR’) FromThenOnS (?RR And ?7RR’)

C.2 Rewriting equalities

Therewriting rulesareeither usal aspartof DOVE's simplification packageor elserepesent
simplificationswhich it is sometimesuseil to apply.

\ Rule |

AndOr:
(?p And (?q Or ?r)) = (?p And ?q Or ?p And ?r)

D99_AlwaysExp:
(Always ?p) = (?p And Previously (Always ?p))

D99_FTOExp:
(?p FromThenOn ?7q)

(?q And
(?p Or Previously (?p FromThenOn ?7q)))

D99_InitFalse:

(Initially FalseV) = FalseV
D99_InitTrue:
(Initially TrueV) = TrueV

D99_NoAnd:

(Not (?p And ?q)) (Not ?p Or Not ?q)
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Rule

D99_NoFalse:
(Not FalseV) = TrueV

D99_NoOr:
(Not (?p Or ?q)) = (Not ?p And Not ?q)

D99_NoSometime:
(Not (Sometime ?p)) = (Always Not 7p)

D99_NoTrue:
(Not TrueV) = FalseV

D99_SomeExp:
(Sometime ?p) = (?p Or PreviouslyS (Sometime 7p))

D99_andState:
(?P & ?Q) = (?P And ?Q)

D99_falseState:
False = FalseV

D99_impState:
(?P --> ?Q) = (?P Implies ?Q)

D99_noState:
(" ?P) = (Not ?P)
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Rule

D99_nono:
(Not Not ?P) = ?P

D99_orState:
(PP | ?2Q) = (?P Or ?Q)

D99_trueState:
True = TrueV

FTO_And:
(?P FromThenOn ?RR And ?RR’) =
((?P FromThenOn ?RR) And (?P FromThenOn ?RR’))

Previously_across_And:
(Previously (?A And ?A’)) = (Previously ?A And Previously ?7A’)

Previously_across_ForAll:
(Previously (ForAll x. ?A x))

(ForAll x. Previously ?A x)

Previously_across_Implies:
(Previously (?A Implies ?A’)) =
(Previously ?A Implies Previously ?A’)

Previously_across_Or:
(Previously (?A Or ?A’)) = (Previously ?A Or Previously ?A’)

conjTRUE2:
(?P And TrueV) = ?P
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Rule

conjTRUEL:
(TrueV And ?P) = ?P

disjTRUE2:
(?P Or TrueV) = TrueV

disjTRUEL:
(TrueV Or ?P) = TrueV

impTRUE2:

(?P Implies TrueV) = TrueV
impTRUEL:

(TrueV Implies ?P) = ?P
ConjFALSE2:

(?P And FalseV) = FalseV
conjFALSEL:

(FalseV And ?P) = FalseV

disjFALSE2:
(?P Or FalseV) = 7P

disjFALSE1l:
(FalseV Or ?P)

7P
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Rule

ftos_def:
(?p FromThenOnS ?r) = ((Sometime ?p) And (?p FromThenOn ?r))

impFALSE2:
(?P Implies FalseV) = (Not ?P)

impFALSE1:
(FalseV Implies ?P)

TrueV

prevs_def:
(PreviouslyS ?p) = (Not (Previously Not ?p))
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Appendix D Statemachine diagnostics

DOVE providesreasombly comprénensie diagnosticsfor syrtacticerrorsin thedefinition of
the statemachineor its assoated properties Thesediagnostics may be gereratedeither at the
time of input or elseduring the operadion of the Check/Compile option of theEdit menu.

Sinceall parsingis donedirecty in thelsalelle proof assstant,checksfor theuseof undefined
varialdes, or the misuseof variades accading to their declaedtype, etc,areimmediatdy carried
outuponinput. In particular, simplespeling errarsandcorventionclashesareusudly very simply
picked up thisway.

D.1 Checkscarried out by Check/Compile

Thefirst ched thatis carried out detemineswhether or not all declaations(eg types vari-
ables transtions and so on) have beenparsed, or committed. If not, alist of the offendng dec-
larationsis presentedto the user andthe useris respasible for seeingthat eachdeclaation is
parsel correctly (by selecting the Commi t button onthe declaation's editor window, asdiscused
in detal below)before attemptingto compilethe statemachineagain. For this reasa, it is in the
interestsof the userto ensue that mostdeclaations, particularly basicbuilding blocks suchas
types varisbles,andsoforth, areparsedcommitted asthey aredeclaed.

The compilation processthenprocesdsto the syntactic stage Syntactc checls arefor
1. idenrtifiers usedbut notdeclaed,and
2. identifiers usedtwice, or which clashwith thoseof the underlying DOVE tool.

Thesearefatd errorsfor the congruction, andarewritten assud into the dialog box.

Thestrudural cheds arecarried outto check that

e aninitial stae hasbeendefined(in the Initialisation option of the Definitions
menu).

¢ in thetopdogy of thediagramevery node on the stae machines reaclablefrom thechosa
initi al state

e notwo nodes have the samename.

Any failure in these checlsis afatd error, andwill bewritten assuchinto the dialog box.

If there have been no errors sofar, the compiation processthenprocesdsto the next phag, in
which DOVE procee@lsto load the correspondng Isabdle theay file into the Isatelle proof tool
which checksfor syntactic errars. In partiaular, it carries out all thetype-checkng. Thisis amuch
more stringent test than the preliminary checkng descibed above, and somevhat slover. The
errormessagswhich may possilly ensiearethoseof thelsabdle prod tool.
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D.2 Diagnosticmessa@esfrom Check/Compile

The errar message listed hereare geneatedspecfically for the DOVE tool. They will be
output to adialog box labelledCompilation -- Diagnostics. If thechecksuceedsthenthe
following messagwill appea

Success : No syntactic or structural errors found

If not, anumbe of thefollowing mayapper.
D.2.1 Initialisation checks
If there is aprodemwith theinitialisaton, under Syntax Check will appeathemessge
Error found when checking initialisation predicate:
followed by either:
No initial state has been defined (see Initialisation window) .
if theiniti al statehasnotbeenenteredin theInitialisation window; or,

The initial state name stateName’’ is not a valid state name.

if statenameis notoneof the namesassigiedto the statemachnenodes.
D.2.2 Edgeto transition checks
A fatd erroroccusif agivenedgenameis not declaedasatranstion,
Error : The edge ‘‘edgeName’’ has no corresponding transition.

However, a declaedtrarsition namenot being assighedto anedgeis not a fatalerror. Still, it
couldbeanoversight ontheusers part, so DOVE givesawarning,

Warning : Some of the defined transitions
are not associated with edges:

listing the unasgynedtranstion names.
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D.2.3 Structure Checks

Problemswith statemachire strucurearerepatedunde Structure Check, producing
Error : Missing initial state.
if theiniti al statehasnotbeenenteredin theInitialisation window;
Error : Repeated state names :
listing statenameswhich arenot uniquely assighedto nodes; or,
Error : Nodes unreachable from initial state :

listing nodeswhich cannd be reacled by foll owing the direded edgesfrom the assigred initial
state

D.2.4 Uncommitted data

An errorwill bereturredif the userattemptgo compile whilst there aredefinitionswhich did
not parse appr@riately — so, the dedaration window hasbeen“Closed’ instead of “Committed'.
For example,if thevarialde Var hasfailedto parse,theresut of Check/Compileis

Compilation cannot be carried out, since the following
declarations have not yet been committed:

VARIABLES NOT COMMITTED:

Var

D.3 Parsing errors in definitions

Sincetheinputis diredly parsedin theundelying Isabele tool, ary errar messaggareoutpu
straicht from Isabele and simply redirectedto a diagrostic dialog box. As such,the meaniny
of the diagnostic will in generl not be particularly clear! However, early alering of the userto
the factthatthe error hasoccuredis expededto typically allow a quick correction sinceat this
input stageof the processthe possible mistakes are quite limited. In this way, the use shout
also gain a feeling for which diagnosticis asseiated to which kind of errar. In ary case,we
just restrict ourselesto giving a small subsé of examplesbelow of errars andthe correspondng
output diagnostic
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D.3.1 Typeerrorsin defining type abbreviations and variables

Mis-spelling anlsabele/HOL type, or previously definedtype abbreviation, is a fatalerrorin
geneal. Thefoll owing resuts from declaing the type of avariable to beNat, whereNat hasnot
beendefinedasatype ablreviation (the Isakelle/HOL type of natual numkbersis nat).

Invalid variable definition: Invalid variable definition -
Undeclared type constructor "Nat"

which is very easily undestood

Comparethis to the error messag which apparswheninstead trying to assig the function
typenat => nat, andaccicentally writing nat ==> nat.

Invalid variable definition: Invalid variable definition -
Inner syntax error at: "==> nat"
#%% Expected tokens: "EOF" "\<leadsto>" ""=>" "+" "\<times>
o "\<Rightarrow>" "=>" "longid" "id"

** The error(s) above occurred in type "nat ==> nat"

oo
"o

uncaught exception ERROR
raised at: library.ML:1114.35-1114.40
sign.ML:553.34
ML>

Note that the synta error begins at the offendirg symbol which is the mostusell aspet of
this outpu. The “Expeded tokens” list cantypically be ignored, andwill be suppessé in the
following.

D.3.2 Errorsin transition input

If the key words of the transtion definition (Let:, Guard:, andAct:) arenotincluded,or
evenif thecolonis omitted thentheinput will not parse Theresuling erroris

Invalid transition definition: Invalid text at start of transition.
Similarly, anerrorresutsif theincorrectassigimentsymbolis used

Invalid transition definition: Invalid transition definition -

Inner syntax error at: "<= 0 ;"

*%% Expected tokens: "<--
#%% The error(s) above occurred in axiom "ET_Tdef"

uncaught exception ERROR
raised at: library.ML:1114.35-1114.40
/home/jgm/DOVE_CVS/DOVE/src/isa/parse.ML:237.38
ML>
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(the “Expected tokens”list is displayedsince this exampleshaws it canbe usdul whenthereare
few altermatives);or the semicola omitted

Invalid transition definition: Invalid transition definition -
*** Inner syntax error: unexpected end of input

If the userassgnsto assgnto the samevarialde twice in atransition, theresuting erroris

Invalid transition definition: Invalid transition definition -
Error in parse translation for "@mk_trans"
"varName" assigned to multiple times

uncaught exception ERROR

raised at: /home/jgm/DOVE_CVS/DOVE/src/isa/parse.ML:237.58-237.63
ML>

A moreinterestirg error, perhaps,arises whenthe userattemps to assgn a value of wrong
type; here trying to assign True to avariable of typenat,

Invalid transition definition: Invalid transition definition -
#*#% Type unification failed: Clash of types "bool"” and "nat".
*%% Type error in application: Incompatible operand type.

** (QOperator:

ww (TranTy.mk_action
ke (%x. (ConfDove.heap_Lval Parser.jv@loc (Values.vinj x))))
ek [(??’a * ??2’b) * ??’c * (Parser.heapDT => Values.VAL) => nat,

(??’a * ??2’b) * ??’c * (Parser.heapDT => Values.VAL),
wE (??2’a * ??2°b) * ??’c * (Parser.heapDT => Values.VAL)]
ke => (??’a * ??2’b) * ??’c * (Parser.heapDT => Values.VAL)
*%% Operand: (%c. True)
ok (??’a * ??2°b) * ??’c * (Parser.heapDT => Values.VAL) => bool

Notethat“unification” is thetechnical namefor the pattern-matting donein the prooftool. Also,
againtheinitial errormessagis useill, theremainar not sousdul.

D.3.3 Errorsin property input

TheProperties Manager requiresinput which is a Boolean expressionbuilt from the vari-
ables constnts,corstrucors of the statemachinetheory andary Isalelle theay on whichiit is
based Moreover, aproperty canbe statedcontdning free variables— not previousy definedin the

theory. Isabele simply assumesthemto befree,andassgnsthemthe apprriatetypeto have an
overall Boolean.

Thus,the (silly) expressionAlways leads to thefollowing errar,
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Invalid property definition: Invalid rule definition -
*%% Tnner syntax error: unexpected end of input

since Isabdle parse and recogrizes the synta of the unary function Always which takes a
Booleanamumentand producesa Boolean. In contrast,the even moresilly expressionalways
is aceptedby the parser, sinceisalelle simply treas it asa free variade andassgnsit the type
bool.

In fact, usingthe tempoal operabrsin propertieshasa further sulilety. Eventhe “Boolean
expresion” Always (1 = 1) is no good, since there is no constantcorrepondng to Always
definedin thetheory—it is represenedaspuresynta. Theerrar which this prodwcesis

Invalid property definition: Invalid rule definition -
*#*%* No such constant: "@always"

Indedl, acceptable tempord propeatiesin the stae machinetheory arestructured to streamlinethe
userinput. Whatis needé is the “Turnstle” opeatorto corvert to a valid Boolean expresion,
suchas

|- Always (1 = 1)

In cortrast,properties definedwhich do not referto tempaal quartities, suchas (varName = 1)
(for somevariablke varName of typenat), do not needthe Turnstie operdor.

Errorsfrom type clasteswill give similar output to the comesponling errars seerearier.
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Appendix E Dealing with errors

The current versian of the DOVE system,being a reserch prototype, contdans a numbe of
known flaws,andno doubtthededcateduse will find afew more.In thischapte aquick overview
of the “error interactiori” with Tcl/Tk is given, andthenthe known bugs or design flaws in ead
modeof the DOVE tool arelisted.

E.1 Generaloverview of error interaction

At various stagesin the opemation of the DOVE tool, the userwill find thatthereare periods
of enforeed use inaction while the DOVE tool is busy perfoming lengthy computaions. These
periods aretypically shot, but may be up to tensof secaondswhenrunning on slower computes.
Often, if the userlooks at the backgrourd Isabdle terminal window it will be seenthat the tool
is far from inactive. In ary cas, it shoud happen at thesetimesthat a busy notice will appea
indicating to the userthat compuations are being cariied out in the badkground. Whenthos
compugtionsarecompletedthe busy notice shoud disgppear

If DOVE is loading, or is othemwise “busy’, the usershoud wait until it hasfinished before
continuing to entercommand via the mouseor keyboard. The platform is not compleely robust
asit stards,andcanbe “confused” by indiscriminant mousebutton clicking while performing its
computtions Whenconfused,or whenabug hasappeared,thetool will typically either freezeor
will bring upaTcl/Tk error dialogbox.

In the former case be surethat DOVE has“hung” andis not simply waiting for use input. If
not then there is probably no option but to quit the curentses#on (using the undelying process
managenentsysten) and startagain This is not expeded to be a commonoccurence,but still
theusualgoad pracice of regular intermedate saving of ongong work is recanmended.

In thelatter casg a Tcl/Tk errordialog box will appearoverthe DOVE stae machire window,
oftentogeherwith anexisting busynotice. Both of theseboxesmustbeclosedbeforetheusermay
continuewith the sessbn. Sometimegshe repated errorwill be trivial andit will be possille to
continuethesesgn without trouble, but it is agoodideato immedidely save thedesigh. However,
theerrar maycau® thesessbnto “hang” andthe userwill thenbeforcedto kill the sessbn using
theundelying processmanagenentsysem. Lack of respasefrom thevarious DOVE windowsis
oftendueto a notice box which hasnot been closedrather thanthe sygsemharging. Thesenotices
aresomevhat easyto overlodk, in partcular if the DOVE statemachire window is iconified and
hene thenotice alsd

On this point of grabandfocus, it is worth noting that noticeboxescanbe moved if they are
incorveniently placedwhile the userworks on anotter application. However, if the mouseis in
useduring thistime it is possible to be unludky andclashwith the grabof the Tcl/Tk interaction
— which will thenget confusedandbring up an error dialog box. This usually simply requres
repeding the DOVE operationwhich wasin progess.

Finally, in thisoverview, it is worth noting the possbilit y thatrestating the DOVE tool will not
eliminate the error. The mostprobablecauseof suchbehaiour is thatthe ML imagefile hasbe-
comecorrupted Recallfrom Sectior3.2thatfor a statemachnegraphfile Machine. smg, DOVE
congructsan ML imagefile Machine.MLextn with extenson determired by the ML compiler
beingused.Thisfile is modifiedincrementallywhen,for example ,chargesaremadeor properties
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areproved, andan errormay make the ensiing modificaionsinconsisent. In the caseof strange
behaviouratstatup, it is agoaod ideato deletethis imagefile from theworking direcory andforce
DOVE to corstructanew one. It will benecessaryto select the Compile optionin theEdit menu
of the statemachinegraph window befare any further prodf or animaton activities.

E.2 Known bugsor designflawsin DOVE
E.2.1 Edit mode

Theusershoud becarefu notto click themousebuttonindiscriminantly whenthe DOVE tool
is loading, or whena busy notice is dispayed. The resultcan be, apparently randomly, thatthe
Tcl/Tk interaction getsconfusedandthe sesson freezes.

Somemorespeific prodemswith the interfaceareasfollows.

e TheInitialisation window will notcomeup againonce quit. Thus,it shout be edited
but not closeduntil the DOVE ses#n is concluded.

e TheUndo facility does notwork properly: if a node is delgedits attacededgesareauto
maticdly alsoremoved. Applying Undo thenrestoesthe node without theassocatededges.

e It appeastha aWrite Error canoccurunpredidably whentrying to save the statema-
chine — after sufficiently compicatedediting (including deletng nodes andattachededge$
is apgdied after storing ananimaton. The previousmachine.smg file shoubl not be over-
written.

¢ Propety namesshoud notincludetheword “error”, sincethis will give strang andsubtle
erras!

e Two properties cannda be giventhe samename evenif they arein differern property sets.

E.2.2 Animation mode

Thereare,again afew probdemswith the userinterface

e TheAnimator comesupwith the“last” animaton (stored). Thisis a“feature”, but theuser
shoud be careil to check thetitle barto seewhatis actually in theréd

¢ Following from thelastitem, if thereis ananimation loadedinto the Animator, buttheuser
wantsto load an animationusing the Load File option of the File menu,the animdion
shoud first be clearedvia theNew option.

e TheWatch Variables window doesnot accet input propely, unlessthe useris carefu
to addthevarialde namesn order. The problemis thatthe cursor prefaentidly goesto the
right-handpaneevenwhenclicking on theleft-handpare, if thereexistsanentry paralel to
the point of click.
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e Somevhatanti-intuitively, theDescription frameof the Animator canbewrittento only
via the dialog box which is invoked through the Store option of theFile menu.It canbe
addel to at ary stageof the animaton, the acaumulateddesciption is shownat all stages
readedvia the control buttons.

e Numericd inputfor variade valuesmustbediredly prece@dby a#; e.g.,#3 insteal of 3.

e To have apermanat recordof the storedanimaton (keptin the stae machirefile), theuser
mustusethe Save option underthe File menuof the stae machinegraph window.

e TheShow Names-type option of the Prover interaction does not currently exist in the an-
imator, so the full-namesyntaxis not available. Sincethe trarsition guard synta is very
simple thisis nota hugeprodem.

E.2.3 Proof mode

Therearea numberof known problemswith the XIsabelle interface,which arenow outlined.

e Thereis aslight opefationd problemwith theinterfacein the Prover window, dueto sub
tletiesof the Tcl/TK programming: to getthe text insetion cursor to properly focus — for
example in insering text for aBasic Tactics choice—it canbe necesaryto first move
the mousepointer off the Prover window andthenreturnit to the desiedpostion.

e The usershauld be caretul when using the Chop options unde the Proof menuof the
Prover window. During a proof it canhappenthatthe currert sulgoal after the “chop” is
notthe expededone Theuserneedssimply click onthe desired subgral asusua.

e A givenlinein theprod script of aProof Historywindow givesthetactic andthenumbe
of thesubga@l to which it is appliedin the prod. However, the subga@l numbe is not used
by the Xlsabelk interfacewhenthat line in the proof scriptis clicked on. Xlisabele will
simply apply the correspording tactc to the subgpal which is currently highlighted (the
active subgpal). Thusthe usermustfirst click on whichever subgpal the tacic shauld be
appied to, thusmaking it the active subgal, before applying the tactic (doule-clicking)
from the Proof History window. For a similar rea®n, to carty out “Apply to All” the
usershoud simply click onceon the desred line of the prod script, andthenpres Apply
to All ontheProver window.

¢ Whenmultiple proof sessimsarerunsimultaneowsly in theProver, theprod scriptsshoul
be saved immediatdy upon complding the prodf of ead. If this is not done— say by
first saving the proof of property “prop2” andthen swappng backto sase a previousy
compleed proof of property “propl” — Isabele may get confusedregarding the namesof
prods. For example in thepropl.prf file thelastline of the proof script will read

ged prop2

insteadof thecorred ged propl. If theuse forgetsto save attheapprgriatetime, this can
easly befixedby editing thefile directly.

131



DSTO-TR-B49

132

Thereis apossble problan with theMatching On facility of the Theorem Browser win-

dow, called upwhenMatch Theorems is presedontheProver. For somesubgalsthere
may be ambigdties in the matchirg unificaion, andan error output will ensie. This may
depeand on whetherthe Show Brackets option — in the Options menuof the Theorem

Browser window — hasbeen togded on or off, so someexpelimentaton may remove the
prodem.

If already opered,theTactic Tree is notbroudht to theforegroundwhenselectedvia the
Tree Display option of theView menu.

Whenthere are a lot of subgpals, only the first few aredisplayed in full, andthe restare
elided. An elided subgral canbe redisplayedin full by clicking on it with mousebutton 2.
However, this will notwork for thelastsubgal in theframe.

TheTerm frameof the Theorem Browser window shoud not be editedby the user
TheHelp menuof the Theorem Browser window is malfunctioning.

The Goal & Premises window — obtaned via the Goal and Premises option of the
View menuon the Prover —is not “clickable”. At preseat, then, if the use haspremise
(unusualatleastfor tempoml propertieg in thegoalthesecanonly beincluded(asfor usuad
interaction with Isabele for anadvanceduser)by referringto the premise nameasappeaing
intheGoal & Premises window.

Selectngthe Chop andRestart optionsof theProof menuontheProver will sometmes
leave no current sulgoalselected. Theusershoudd simply seled thedesred current sulgoal.

Notethatto selectary of the Interactive tactics of theDOVE Tactics appopriately the
usermustdoulde-click (with mousebutton 1).

Whenenteing atempoal propety into the Current Tactic window in theapplicationof
anInteractivetactc, theusermustcurrertly prependthetheoren namewith the nameof
thepropety setin whichit appeas. Thatis, aproperty Prop in propety setSet is currently
storedin the ML imageasthetheoran Set_Prop, andit mustbeinvoked by this name.

The Load Tactics option of the Tactic menuon the Prover is broken. Thus, user-
definedtacticshave to beredefing in eachDOVE ses#on.
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Appendx F Troubleshating DOVE

The following providestroube-shooting informaion for prodemswhich may arisein oper-
ating DOVE. The correpondng information for prodems encounteed wheninstaling DOVE
apparsin thefile Install.ps foundin thedistribution documentation.

\ Problem \ Possilte Cause \ Solution |

An errormessag
invalid spawn id

is displayed

Isakelle did not start cor-
rectly asit did not have
the ability to usethe ML
Compila.  This often
hapoensif the compier
only has a licence for
ceriain work stations.

Connet to or move yourwork to
a work station which is able to
usethe ML Compiler

An error messag indi-
categthat

DISPLAY is set as :

with nothing following.

Your DISPLAY erviron-
ment variade has not
beean setto arything at
all.

Setthe DISPLAY varialde to your
current work statian. In csh, this
is done using the setenv com-
mand.

DOVE is frozen.

It maybethatDOVE has
put up a modal dialog
boxthathasbecanehid-
den

Sortthroughthewindowsin your
window manageruntil you find
thedialog thatneed arespmse.

An errar messag claims
the Isakelle fonts camot
befound.

This is only a problem
when attemping to use
Xlsabkelle98

This is a problem with the Is-
abele setupon your system.
Consut The Isabdle System
Manud [12, Chaper 3]. Alter-
natively it is possble to usethe
font settig mechatsm for your
sysem.

DOVE cannd find an
imagefile.

Due to the Isabdle
image selection mecha-
nism, logics not in the
stardard isalkelle hegs
directories must be
speified with a relative
path or anabsolte path.

Use:
dove ./Image
or

dove $PWD/Image

A prompt appers after
startng the appication,
but no DOVE window.

Your ML prompt which
is spedfied in your set-
tingsfile, is incorrect.

Check the conents of
$HOME/isabellgetgsetings. to
ensue that it is set up for the
correct version of ML.
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Appendix G Questionsand answersabout the formal
proof modd

This“FAQ” appendix is intendedto provide backgrourd for theinterestedreade. It may help
to develop somedegreeof confidencein dealhg with theProver.

G.1 What is aformal theory, anyway?

To develop aformal theoryfor reamningabou a givensysem,thefirst stepis to cornstructthe
syntax — namely an alphabetand grammar The rules of the grammarmustbe strict enaugh so
thata statenentin the corresporing formal language is unambguous. The formal theory is then
conaetely specfied asa setof axiomsandinferencerules. An axiom is a statemehin the chose
formal language which is true a priori, without ary further hypotheses-i.e., by definition of the
theowy. An inferencerule is apurely syntacticrule for moving from onetrue staementto anotrer.
Here“truth” is simply definitional, meaningtha the stateanentcanbe obtanedfrom the axioms
by applicationof inferencerules The statemets which canbe so-deivedarecalledthetheaems
of thetheay, andsuchaderivationof agiventheaemis called its proof. Notethattheaxiomsare
theoems.This syrntactic construcion is often calleda deductivesygem

Any “mearing” attachedto the dedictive systen is through sematics, which (loosdy speak
ing) is an interpretatian of the syntactic constuction in termsof somefamiliar system. As an
example thereacer will have seenthe interpretation of the stardardlogical connestivesin terms
of Boolean truth tables. Theinterpretaion will in geneal have aninherentnotion of truth, sothe
quedgion of whetlrer a given statemenholds for a given interpretdion is simply whetherit inter-
pretsto atruefad abou the familiar sysem. A statenentis sematically satidiableif there exists
aninterpretdion in which it is true. A statemehis semanttally a conequere of the axiomsif
for every interpretation in which theaxiomsaretrue, the statenentis alsotrue.

Thus,aformal languagehasa strict syntaxandan unambigioussemantts,andthe notionsof
truth canbe comparel. Thedeductive system is saidto be:

¢ sourd if all theaemsaresemantally a conequerte of theaxioms.
e congstert if thereis no staementsuc thatbothit andits negation aretheorems.

e compleeif every statemat which is semanttally a consguene of the axiomsis, in fact,a
theaem.

Of these thefirst is easily cheded at the level of axioms and inferencerules, and the secornl
requresthat theaxiomsaresemairically satisfialbe. Thelastis significantly moredifficult.
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